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é published annually and include all reports and papers offered to the So- 
ciety during the current year and accepted by the Administrative Com- 
mittee on Papers and Publications for the Proceedings, together with 
discussion. 

The table of contents and subject and author indexes cover all papers 
4 and reports published by the Society during the current year, which in 


addition to those appearing in the Proceedings includes those accepted 
for publication in the ASTM ButLtetin or as Special Technical Publi- 
cations. 


' A list of the Special Technical Publications published by the Society 


re — in 1950 is given on the last page of this volume. This supplements the 
list appearing in the 1948 and 1949 Proceedings covering all special] 
publications published by the Society up to 1949. 
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Nothing contained in any publication of the American Society 

for Testing Materials is to be construed as granting any right, 

by implication or otherwise, for manufacture, sale, or use in 

connection with any method, apparatus, or product covered by 

Letters Patent, nor as insuring anyone against liability for 
infringement of Letters Patent. 


The Society is not responsible, as a body, for the statements 
and opinions advanced in this publication 
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_ *Preliminary Considerations for Testing Sandwich Radome Materials—G. R. Huisman 
-* ie Wight (see ASTM Buttetin, No. 164, February, 1950, p. 19 
( 
The Need for Standardization of Industrial Diamond Products—H. L. Strauss, Jr. 
( (see ASTM Buttetin, No. 165, April, 1950, p. 57 (T P83)). 
_ A Reduction-of-Area Gage for Use at Low Temperatures—G. W. Geil and N. L. 
: Carwile (see ASTM Buttetin, No. 163, January, 1950, p. 75 (TP25)). 
The Design and Interpretation of Interlaboratory Test Programs—Grant W ernimont 
(see ASTM No. 166, May, 1950, p. 45 (TP 107)). 
Comparative Tests in a Single Laboratory—W. J. Youden (see ASTM BuLtetin, | 
No. 166, May, 1950, p. 48 (TP110)). 


Symposium on High Additive Content Oils 


*Summary of Proceedings of the Symposium on High Additive Content Oils (Spe- 


Symposium on Turbine Oils 


*Summary of Proceedings of the Symposium on Turbine Oils on Technical 


Symposium on Identification and Classification of Soils 


7 ‘Summary of Proceedings of the Symposium on Identification and Classification of 
Soils (Special Technical Publication No. 


Symposium on Triaxial Testing 


*Summary of Proceedings of the Symposium on Triaxial Testing of Soils and Bi- 
tuminous Mixtures (Special Technical Publication No. 106)............ 


Symposium on Application of Statistics bles 
*Summary of Proceedings of the Symposium on ation of Statistics (Special 
Symposium on Dynamic Stress Determinations ‘gt <r 
*Summarv of Proceedings of the Symposium on Dynamic Stress Determinations oe 
(Special Technical Publication No. 1433 
Symposium on the Réle of Non-Destructive Testing in the Economics 
of Production 
Summary of Proceedings of the Symposium on the Réle of Non-Destructive Testing = = 8 = 
iat in the Economics of Production (Special Technical Publication No. 112). 1434 
Symposium on Ultrasonic Testing 
Summary of Proceedings of the Symposium on Ultrasonic Testing (Special Tech- 
nical Publication No. 101)................. , 


List of Special echnical Publications......... .. 1490 


* These papers were presented at the First Pacific Area National cance of the em San =e 
Calif., October 10-14, 1 
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summary of the Fifty-third 
Annual Meeting of the American So- 
ciety for Testing Materials, held at the 
Chalfonte-Haddon Hall Hotel, Atlantic 
City, N. J., June 26-30, 1950, is a 
record of the transactions of the meet- 
ing, including the actions taken on the 
various recommendations submitted by 
the technical committees. In all, 21 
technical sessions and 2 informa! sessions 
were held. 

The registered attendance of the meet- 
ing is as follows: Members present or 
represented, 1160; committee members, 
637; guests, 334; total 2131; ladies, 408. 

The Proceedings are set forth session 
by session. There were 62 reports and 88 
formal papers presented. The record 
with respect to each has been briefed, the 
recommendations in the reports having 
been grouped so as to cover the accept- 
ance of material for publication as tenta- 
tive, such as new specifications, methods 
of test, revisions of tentatives, and pro- 
posed revisions of existing standards, 
and as a separate group, the approval of 
matters that were referred to letter 


SUMMARY OF PROCEEDINGS _ 
OF THE 
FIFTY-THIRD ANNUAL MEETING 


Atiantic City, N. J., JUNE 26-30, 1950 


ballot of the Society, comprising the 
adoption of tentatives as standard and _ 
the adoption of revisions of standards. 
Accordingly, wherever the action is re- 
ported as “adopted as standard” or 
adopted as standard, revisions in” itis 
understood that this indicates approv al ai, 
of the -\anual Meeting for reference to 
letter ballot of the Society. The various qe 
recommendations so recorded are in- 
cluded in the Society letter ballot. The 
actions designated as “accepted as 
tentative” or “accepted as tentative, 
revisions in,” are self-evident as indi- 
cating acceptance by the Society at the 
Annual Meeting for publication as 
tentative. 

While all the items on the program are 
recorded under the particular session in 
which they are presented, for con- — 
venience in locating actions with respect roe 
to any particular report, the accompany- _ 
ing list is presented of all reports to-— 
gether with the page reference where the _ 
action thereon is recorded: 


1 The letter ballot on recommendations affecting stand- 
ards, distributed to the Society membership was canvas 
sed on September 30, 1950. 


A-10 on Iron-Chromium, Iron-Chromium-Nickel and Related Alloys................... 22 
B-3 on Corrosion of Non-Ferrous Metals and Alloys............ 23 
B-4 on Electrical-Heating, Resistance and Related Alloys.. ...................000005- 9 
B-5 on Copper and Copper Alloys, Cast and 22 
B-7 on Light Metals and Alloys, Cast and 10 
B-9 on Metal Powders and Metal Powder Products. 9 
D-1 on Paint, Varnish, Lacquer, and Related Products. .................cceeeeeeeeees 16 
D-8 on Bituminous Waterproofing and Roofing Materials......................-00005- 14 
Joint Research Committee on Boiler Feedwater Studies .....................00-2-00- 22 
E-5S on Fire Tests of Materials and Construction... ... 21 
Joint Committee on Effect of Temperature on the of 


be 


LOcaTION OF ACTIONS ON COMMITTEE REPORTS 
PAGE 
on Steel... 11 
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SYMPOSIUMS 


Symposium on Corrosion of Materials at Elevated Temperatures ................00000000- 
Symposium on the Nature, Occurrence, and Effects of Sigma Phase ....................55. 
Symposium on the Role of Non-Destructive Testing in the Economics of Production 
Symposium on Methods of Testing Soils Under Triaxial Loading 
Symposium on Identification and Classification of Soils 


FIRST SESSION—OPENING SESSION; SYMPOSIUM ON CORROSION OF MATERIALS | 
AT ELEVATED TEMPERATURES 
4 


Monpay, JUNE 26, 2 P.M. 


Session CHarrkMAN: N. L. MOcHEL 

FORMAL OPENING OF THE FIFTY-THIRD ANNUAL MEETING BY oe { 
PRESIDENT J. G. Morrow : 

President Morrow, in opening the Symposium on Corrosion of Materials - } 
Fifty-third Annual Meeting, discussed Elevated Temperatures :* a= “| 


very briefly the current activities of the 
Society. He cited the care with which 
committees are formed to include per- 
sonnel representing all interests so each 
committee is truly representative of the 
industries involved. He mentioned the 
extensive preparation of standards and 
the constant efforts to revise them when 
necessary to keep abreast of scientific 
advances. 

Mr. Morrow emphasized the great 
diversity in the Society’s work, the inter- 
national, as well as national, reputation, 
and the close cooperation now existing 
with the Armed Services in Washington. 
He discussed the major strides of 
the technical committees, summarized 
briefly the highlights of a tremendously 
productive year, and reported on the 
first Pacific Area National Meeting of 


Coal Ash Corrosion of Metals at Elevated Tem- 
peratures—C, T. Evans, Jr., presented by the 
author. 

Stress Corrosion Tests on Turbo-Supercharger * 
Materials in the Products of Combustion of __ 
Leaded Gasoline—G. B. Wilkes, Jr., presented => 
by the author. 

Creep as a Svrface Dependent Phenomenon— 
M. R. Pickus and E. R. Parker, presented 
from manuscript by Mr. Pickus. 


peratures—O. Cutler Shepard and Willis 
Schalliol, presented by Mr. Shepard. 

Preliminary Studies of the Effect of Oxidizing 
Sulfurous Atmospheres on the Rupture ae 
Strengths of Inconel “X” and Inconel—A. M. v2 
Talbot and E. N. Skinner, presented from aa 
manuscript by Mr. Talbot. 

Hydrogenizing Effect of Steam on Ferrous 
Alloys at Elevated Temperatures—C. A. 
Zapfie and F. K. Landgraf, presented from 
manuscript by Mr. Landgraf. 

Oil Ash Corrosion of Metals at Elevated Tem- o 
peratures—C. T. Evans, Jr., presented from fe 
manuscript by the author. 

The Growing Réle of Protective Coatings for 
Metals in High-Temperature Service—W. N. 
Harrison, presented by the author. 


SECOND SESSION—METHODS OF TESTING, QUALITY CONTROL, 
METALLOGRAPHY 


Monpay, JUNE 26, 8 P.M. ; 
Session CHAIRMAN: G. R. 


Committee E-11 on Quality Control of Ma- 


terials: 


_ Report presented, in the absence of the 


APPEARANCE, 


chairman, by P. J. Smith and the Stiesiing 
actions taken: 


2 Issued as a separate publication STP No. 108. 
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OF PROCEEDINGS 


Rec. Practice for Designating Significant Places 
in Specified Limiting Values (E 29 - 49 T), 


en with an editorial change substituting “con- 


formance” for “compliance” throughout the 
text. 


Accepted for Publication: 
A.S.T.M. Manual on Quality Control of Ma- 
terials, Sections 1, 2, and 3.* 
Committee E-12 on Appearance: 
Report presented from manuscript by M. 
Rea Paul, chairman. 
Committee E-1 on Methods of Testing: 


Report presented, in the absence of the chair- 
man, by P. J. Smith, secretary, and the following 
actions taken: 


Accepted as Tentative: 


Method of Verification and Classification of 
Extensometers 
A.S.T.M. Butadiene Boiling Point Range Ther- 


} _-- mometer to be published as tentative in the 
Standard Specifications for A.S.T.M. Ther- 
mometers (E 1 49) 


Accepted as Tentative, Revisions in: 

Methods of Verification of Testing Machines 
(E 4-47 T) 

Methods of Verification of Calibration Devices 
for Verifying Testing Machines (E 74 — 47 T) 


Adopted as Standard, Revisions in: 


Spec. for A.S.T.M. Thermometers (E 1 - 49), 
comprising revision of thermometers 1 F and 
26 C, also changes in the text. 

The proposed revision of the Standard 

Method of Test for Brinell Hardness of Metallic 

Materials (E 10-27) in the form of a new 


tentative method is to be further revised by the 
committee and will be submitted to the Society 
through the Administrative Committee on 
Standards subsequent to the Annual Meeting. 


Appendix: 
The Mullen Bursting Strength Test as a Mean 
of Determining the Strength of Annealed 
Aluminum Foil—W. C. Aber and F. M. 
Howell, presented by Mr. Howell. >» 


Papers: 


Study of Deformation at High Strain Rat 
Using High-Speed Motion Pictures—Herbert 
I. Fusfeld and Josephine Carr Feder, pre- 
sented by Mr. Fusfeld.* 

Effect of Variations in Notch Acuity on the 
Behavior of Steel in the Charpy Notched- 
Bar Test—N. A. Kahn, E. A. Imbembo, and 
F. Ginsberg, presented from manuscript by 
Mr. Imbembo. 

The Influence of Specimen Dimension and Shape 
on the Results in Tension Impact Testing— 
D. S. Clark and D. S. Wood, presented by 
Mr. Clark. 

The Influence of Strain Rate on Some Tensile 
Properties of Steel—D. S. Clark and P. E. 
Duwez, presented by Mr. Clark. 

Direct Explosion Test to Evaluate Load- 
Carrying Capacity of Welded Steel Struc- 
tures—G. S. Mikhalapov, presented from 
manuscript by the author.‘ 

Tensile Properties of Some Aircraft Structural 
Materials at Various Rates of Loading— 
Richard F. Klinger, presented by Mr. D. A. 
Shinn. 

A Method for Making Tension Tests of Metals 
Using a Minature Specimen—R. L. Templin 
and W. C. Aber, presented by Mr. Aber. 

3 Published in ASTM Buttetty, No. 170, December, 

1950, p. 75 (TP301) 


P301). 
Published in ASTM Buttetin, No. 172, February 
1951, p. 53 (TP67). 


THIRD SESSION—SYMPOSIUM ON THE NATURE, OCCURRENCE, AND EFFECTS 
OF SIGMA PHASE® 


Identification and Mode of Formation and Re- 
Solution of Sigma Phase in Austenitic Cr-Ni 
Steels—E. J. Dulis and G. V. Smith, pre- 
sented by Mr. Dulis. 

Sigma Phase in Several Cast Austenitic Steels— 
V. T. Malcolm and S. Low, presented by 
Mr. Low. 

X-ray Study of the Sigma Phase in Various 
Alloy Systems—Pol Duwez and Spencer R. 
Baen, presented by Mr. Duwez. 


Issued as a separate publication STP No. “oe (Symposium continued in Sixth Session) 


Sigma Phase in Chromium-Molybdenum Alloys 
with Iron or Nickel—John W. Putman, N. J. 
Grant, and D. S. Bloom, presented from 
manuscript by Mr. Putman. 

The Tetragonality of the Sigma Phase in the 
Iron-Chromium System—L. Menezes, J. K. 
Roros, and T. A. Read, presented from 
manuscript by Mr. Roros. 
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FOU RTH. SESSION—SYMPOSIUM ON THE ROLE OF NON-DESTRUCTIVE TESTING © 
IN THE ECONOMICS OF PRODUCTION 


Session Co-CHAIRMEN: 


Committee A-7 on Malleable-Iron Castings: 


Report presented by W. A. Kennedy, chair- 
man, and the following action taken: 


Adopted as Standard: 


Spec. for Pearlitic Malleable Iron Castings 

(A 220 - 48 T), as revised. 

It was announced that the committee had 
withdrawn from the report, as preprinted, the 
recommendation for adoption as standard of the 
Tentative Specifications for Malleable Iron 


Flanges, Pipe Fittings, and Valve Parts 
(A 277 - 44 T). 

Committee E-7 on Non-Destructive 
Testing: 


Report presented by J. H. Bly, chairman» 
and accepted as a report of progress. 


FIFTY-THIRD MEETING 


Tuespay, JUNE 27, 9 A.M. 
H. H. Lester L. 


we 


H. WINKLER 


Symposium on the Réle of Non-Destructive 
Testing in the Economics of Production:* 


A Basic Guide for Management’s Choice ot 
Non-Destructive Tests—Robert C. Mc- 
Master and Samuel A. Wenk, presented from 
manuscript by Mr. McMaster. 

Defects or Discontinuities That Can Be Re- 
vealed in Cast and Wrought Metal Products 
by Non-Destructive Tests—Kent R. Van 
Horn, presented informally by the author. 

The Réle of Non-Destructive Testing in the 
Economics of Castings—J. W. Juppenlatz, 
presented from manuscript by the author. 


(Symposium continued in Seventh Session) 


6 Issued as a separate publication STP No. 112. 


FIFTH SESSION—LUNCHEON, PRESIDENT’S ADDRESS, REPORT OF 
DIRECTORS, AWARD OF HONORARY MEMBE RSHIPS, AND INTRODUCTION OF 


YEW OFFICER 
CHAIRMAN: PaAst-PRESIDENT R. L. TEMPLIN 


‘The precedent established at the 
Annual Meeting a year ago was con- 
tinued with the scheduling of a !uncheon 
as an official session, at which over 200 
members and guests were present. 


Presidential Address: 


The chairman presented the President, 
J. G. Morrow, who delivered a brief 
presidential address. 


Report of Board of Directors: 


The Executive Secretary made a brief 
presentation of the Annual Report of the 
Board of Directors, which had been 
preprinted. On motion duly seconded 
the report was accepted for publication 
in the Proceedings. 


Award of Honorary Memberships: 


The Executive Secretary read citations 
for the following six members who had 


BOARD OF 


been elected by the Board of Directors to _ 
Honorary Membership in the Society: 


P. H. Bates 
W. C. Hanna 
Dean Harvey 


Robert Job 
S. Rawdon 


Hubbard, Job, and Radon, 


Messrs. 
were unable to be present at the meeting; _ 


the remaining three, Messrs. Bates, 
Hanna, and Harvey, were at the speak- 
er’s table and were individually pre- _ 
sented to President Morrow to re 

at his hands the certificate of Honorary 
Membership. Each responded _ briefly, 
expressing appreciation of the honor that 
had been given to him. 


Election of Officers: 


Results of the letter ballot on election 
of new officers were announced by the 


‘ 


Chairman of the Tellers’ Committee, 
Henry Grinsfelder. Of the 1179 ballots 
cast, the results were as follows: 


For President, to serve for one year: 
L. J. Markwardt, 1179 votes. 


T. S. Fuller, 1179 votes. 


BS _ For Vice-President, to serve for two years: 


_ For Directors, to serve for three years: 


a J. R. Trimble, 1177 votes 


B. A. Anderton, 1178 votes. 
R. H. Brown, 1177 votes a" 
D. K. Crampton, 1178 votes «sy 
H. G. Miller, 1178 votes 


SUMMARY OF PROCEEDINGS 


The newly-elected members of the 
Board of Directors who were present 
introduced, 
_ President-elect and President-elect, who 


were as were the Vice- 
ath spoke briefly. 

The chariman presented the Past- 
President’s pin to President Morrow for 
his use after he retires as President at 


the close of the Annual Meeting. 


SIXTH SESSION—SYMPOSIUM ON THE NATURE, OCCURRENCE, AND EFFECTS 


Committee E-4 on Metallography: 


Report presented by L. L. Wyman, chairman, 
and accepted as a report of progress. Mr. 
Wyman introduced G. E. Pelissier who pre- 
sented the first progress report of Subcommittee 
XI on Electron Microstructure of Steel. This 
report with the “Summary of Techniques Em- 
ployed in the Electron Microscope Study of 
Steel” was accepted for publication. 


Jt. Committee on Effect of Temperature on 


Saas the Properties of Metals: 


Report presented from manuscript by E. L. 
Robinson, chairman. 


Symposium on the Nature, Occurrence, and 
Effects of Sigma Phase:* 


This session was a continuation of the 
Symposium on Effect of Sigma Phase on 
the High-Temperature Properties of 
Metals. The papers presented at this 
session are listed below: 


OF SIGMA PHASE 
(Continued from Third Session) 


TuEspAy, JUNE 27, 2:30 P.M. 
SESSION CHAIRMAN: 


F. B. FoLtey 

The Formation of Sigma Phase in 17 per cent 
Chromium Steel—J. J. Heger, presented by 
the author. 

Sigma Phase and Other Effects of Prolonged 
Heating at Elevated Temperatures on 25 
per cent Chromium-20 per cent Nickel Steel— 
G. N. Emmanuel, presented by the author. 

The Occurrence of the Sigma Phase and Its 
Effect on Certain Properties of Cast Fe-Ni-Cr 
Alloys—J. H. Jackson, presented from manu- 
script by the author. 

The Formation of Sigma and Its Influence on the 
Behavior of Stabilized 18 per cent Chromium, 
8 per cent Nickel Steels in Concentrated 
Nitric Acid—R. S. Stewart and Stephen F. 
Urban, presented from manuscript by Mr. 
Stewart. 

Some Notes on the Structure and Impact Re- 
sistance of Columbium-Bearing 18-8 Steels 
After Exposure to Elevated Temperatures— 
W. O. Binder, presented by the author. 

Observations of the Effect of Sigma on the 
Mechanical Properties of Columbium Stabi- 
lized Weldments in Austenitic Stainless Steels 
—F. W. Schmitz and M. A. Scheil, presented 
from manuscript by Mr. Schmitz. 


ON THE ROLE OF NON-DESTRUCTIVE TESTING 


This session was a continuation of the 
Symposium on the Réle of Non-Destruc- 


IN THE ECONOMICS OF PRODUCTION® 
(Continued from Fourth Session) 
TUESDAY, JUNE 27, 2:30 
Session Co-CHarrMen: R. C. MCMAster AND J. R. TRIMBLE 


tive Testing in the Economics of Produc- 
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The papers at this session 
are: 


The Economics and Practical Application of 
Cobalt 60 in the Radiographic Inspection of 
Steel Weldments—W. L. Schwinn, presented 
from manuscript by the author. 


The Economics of Wrought Steel Inspection— we 
C. D. Moriarty, presented from manuscript w 
by the author. mn 

Management’s Responsibility for Insistence on 
Non-Destructive Testing in the Development y) 
of New Engineering Products and Processes— 
L. W. Ball, presented from manuscript by the 
author. 


President Morrow presented Dr. Wal- 
lace R. Brode, Associate Director, Na- 
tional Bureau of Standards, Washington, 
D. C., as the Twenty-fourth Marburg 
Lecturer, who then delivered the lecture 
on “Chemical Spectroscopy.”’ Dr. Brode 
discussed the development and use of 
spectroscopic methods in analytical con- 
trol. The use of both emission spectra 
and absorption spectra procedures were 

outlined and the method limitations 

indicated. In colorimetry and _ color 

description, the application of these 
methods were considered as well as the 
use of spectrophotometer procedures in 
the infrared and ultraviolet regions of 
the spectrum. Part of the lecture was 
devoted to the field of emission spec- 
troscopy, including the development of 
rapid analysis procedures and the recent 
advance in photoelectric recording in- 
struments. 

President Morrow, in expressing 
appreciation to Dr. Brode for his very 
timely and instructive lecture on a sub- 
ject of particular interest to the A.S.T.M.., 
presented to him, on behalf of the 
Society, the Edgar Marburg Lecture 
Certificate. 


Medalists and Award Winners: 

The Charles B. Dudley Medal, named 
after the Society’s first president and 
awarded to the author or authors of a 
paper of outstanding merit constituting 
an original contribution on research and 
engineering materials, was presented to 
B. J. Lazan, Professor and Head, De- 


EIGHTH SESSION—MARBURG LECTURE; DUDLEY MEDAL AWARD; RICHARD | 
TEMPLIN AWARD; SAM TOUR AWARD a 


TUESDAY, JUNE 27, 8 P.M. 
SESSION CHAIRMAN: PRESIDENT J. G. Morrow 


partment of Materials Engineering, Syra- 
cuse University, Syracuse, N. Y., for his — 
paper on “Dynamic Creep and Rupture _ 
Properties of Temperature-Resistant _ 
Materials Under Tensile Fatigue Stress,” 


and published in the 1949 Proceedings. 

The Richard L. Templin Award, to | 
stimulate research in the development of __ 
testing methods and apparatus and to | 
encourage the presentation to the So- 
ciety of papers describing new and useful 
testing procedures and apparatus, was 
given to D. S. Clark and D. S. Wood, A = 
Associate Professor of Mechanical Engi- os 
neering and Research Assistant, re-_ 
spectively, California Institute 
Technology, Pasadena, Calif., for their 
paper on “The Time Delay for the Aes 
Initiation of Plastic Deformation at _ 
Rapidly Applied Constant Stress,” pre-— 
sented at the 1949 Annual Meeting and _ 
published in the 1949 Proceedings. Dr. 
Clark accepted the award for his asso-— 
ciate and himself. 

The second Sam T our Award, 


and ev waluation of corrosion testing 
methods and to stimulate the prepara- 
tion of technical papers in this field, was 
given to O. B. Ellis, Senior Research 
Engineer, Research Laboratories, Armco 
Steel Corp., Middletown, Ohio, for his 
paper on “Effect of Weather on the 
Initial Corrosion Rate of Sheet Zinc,” 
presented at the 1949 Annual Meeting © 
and published in the 1949 Proceedings. 
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The Effect of Various Treatments on the Fatigue 
Strength of Notched S-816 and Timken 
16-25-6 at Elevated Temperatures, W. E. 
Jones and G. B. Wilkes, Jr., presented by Mr. 
Jones. 

Hardened Alloy Steel for Service up to 700 F.— 
G. V. Smith, W. B. Seens, and E. J. Dulis, 
presented by Mr. Smith. 

The Selection of a Limited Number from Many 
Possible Conditioning Treatments for Alloys 

to Achieve Best Coverage and Statistical 

_ Evaluation—J. M. Cameron and W. J. You- 

den, 

4 Cameron. 


presented from manuscript by Mr. 


& 


SUMMARY OF PROCEEDINGS 


NINTH SESSION—EFFECT OF TEMPERATURE 


WEDNESDAY, JUNE 28, 9:30 a.m. 
SESSION CHAIRMAN: 


H. C. Cross 


Effect ‘of Rate of Strain on the Flow Stress o 
Gas Turbine Alloys at 1200 and 1500 F.— 
M. J. Manjoine, presented from manuscript 
by the author. 

Chromium-Base Alloys—W. L. Havekotte, C. T. 
Greenidge, and H. C. Cross, presented from 
manuscript by Mr. Havekotte. 

Hardening of Austenitic Stainless Steels by 
Mechanical Working at Sub-Zero Tempera- 
tures—N. A. Zeigler and P. H. Brace, pre- 
sented by Mr. Brace. 

Effect of Temperatures on the Mechanical Prop- 
erties, Characteristics and Processing of Aus- 
tenitic Stainless Steels—V. N. Krivobok and 
A. M. Talbot, | manuscript 


The Symposium on Methods of Test- 
ing Soils Under Triaxial Loading con- 
sisted of the following ten papers as 
presented in the Tenth and Eleventh 
Sessions: 


A Triaxial Apparatus for Testing Large Soil 
Specimens—Earl B. Hall, presented by the 
author. 

Shear _—— at the Waterways Experiment 


WEDNESDAY, JUNE 
SESSION CHAIRMAN: W. 


by Mr. Krivobok. 


TE NTH AND ELEVENTH SESSIONS—SYMPOSIUM ON METHODS ee TESTING SOILS 
UNDER TRIAXIAL LOADING’ 


Tenth Sercion 


330 AM. 
G. Hortz 


Stations—S. J. Johnson, presented from manu- 
script by the author. 

A Triaxial Shear Investigation on a Partially 
Saturated Soil—Donald W. Taylor, presented 
from manuscript by the author. 

Shear Characteristics of Remolded Earth Ma- 
terials—A. A. Wagner, presented from manu- 
script by the author. 

The Importance of Natural Controlling Con- 
ditions Upon Triaxial Compression Test Con- 
ditions—Donald M. Burmister, presented 

from manuscript by the author. 


Triaxial Design Correlated with Flexible Pave- 
ment Performance in Kansas—H. E. Worley, 
presented from manuscript by Mr. W. S. 
Housel. 

_ Application of Triaxial Compression Test Re- 
7 ol sults to Highway Soil Problems—E. S. Barber 
and C. L. Sawyer, presented from manuscript 
Mr. Barber. 

Triaxial Testing, Adapted to Soils, 


Flexible 


To be issued as a separate publication. 


Eleventh Session 


WEDNESDAY, JUNE 28, 2 P.M. 
Cuamaan: W.S. House, 


Base, and Foundations—R. J. Hank, pre- 
sented from manuscript by Mr. A. W. Johnson. 

Some Concepts Concerning Triaxial Compres- 
sion Testing of Asphaltic Paving Mixtures 
and Subgrade Materialsk—H. E. Davis and 
F. N. Hveem, presented from manuscript 
by Mr. Davis. 

Application of Triaxial Testing to the Design 
of Bituminous Pavements—Norman W. Mc- 
Leod, presented from manuscript by the 
author. 


ty ye 


SESSION CHAIRMAN: 
Committee E-9 on Fatigue: 


Report presented, in the absence of the 
chairman, by O. J. Horger and accepted as a 
report of progress. 


Committee B-4 on Electrical Heating, Re- 
sistance, and Related Alloys: 


Report presented, in the absence of the 
chairman, by J. S. Pettibone and the following 
actions taken: 


Adopted as Standard: 


Method of Test for Temper of Strip and Sheet 
Metals for Electronic Devices (Spring Back 
Method) (B 155 - 45 T) 

Method of Test for Density of Fine Wire and 
Ribbon for Electronic Devices (B 180 - 45 T) 

Method of Test for Strength of Welded Joints 
of Lead Wires for Electronic Devices and 
Lamps (B 203 - 45 T) 

Method of Test for Surface Flaws in Tungsten 
Seal Rod and Wire (B 204-45 T) 

Method of Test for Equivalent Yield Stress of 
Thermostat Metals (B 191 —- 44 T) 

Method of Test for Effect of Controlled Atmos- 
phere Upon Alloys in Electric Furnaces 


(B 181 - 43 T) 
Method of Test for Modulus of Elasticity of 
Thermostat Metals (Cantilever Beam 


Method) (B 223 - 48 T) 
Method of Testing Wire for Supports Used in 
Electronic Devices and Lamps (B 157 - 45 T) 
Method of Testing Fine Round and Flat Wire 
for Electronic Devices (B 219 - 47 T) 


_ TWELFTH SESSION—FATIGUE TESTING 


WEDNESDAY, JUNE 28, 2 P.M. 


R. E. PETERSON 


Method of Measuring Residual Stress in Cylin- 
drical Metal-to-Glass Seals (B 218 - 47 T) 

Spec. for Round Nickel Wire for Lamps and 
Electronic Devices (B 175 — 45 T) 

Spec. for Chromium-Nickel-Iron Alloy Castings 
(25-12 Class) for High-Temperature Service 
(B 190 — 45 T) 

Spec. for Nickel-Chromium-Iron Alloy Castings 
(35-15 Class) for High-Temperature Service 
(B 207 — 46 T) 


Accepted for Publication as Information: 


Proposed Method of Test for Relative Ther- 
mionic Emissive Properties of Materials Used 
in Electron Tubes 


Papers: 

Effects of Grinding and Other Finishing Proc- - 
esses on the Fatigue Strength of Hardened 
Steel—L. P. Tarasov and H. J. Grover, pre- an 
sented by Mr. Tarasov. a 

Effect of Chromium Plating on the Endurance ee: 
Limit of Steels Used in Aircraft—Hugh L. _ 
Logan, presented from manuscript by the 
author. 

Effects of Anodic Coatings on the Fatigue 
Strength of Aluminum Alloys—G. W. Stickley 
and F. M. Howell, presented by Mr. Stickley. 

Combined Tension-Torsion Creep-Time Rela- 
tions for Aluminum Alloy 2S-O—Joseph a 
Marin, J. H. Faupel, and L. W. Hu, presented — 
by Mr. Marin. 

The Reverting of Hard-Drawn Copper to Soft 
Condition Under Variable Stress—John N. 
Kenyon, presented from manuscript by the 
author. 


THIRTEENTH SESSION—NON-FERROUS METALS, SP 
~ Tuurspay, JUNE 29, 9 A.M. 


Session CHarrRMAN: L. L. 


Committee E-2 on Emission Spectroscopy: 


Report presented from manuscript by J. H. 
Coulliette and accepted as a report of progress. 


Committee B-9 on Metal Powder and Metal 
Powder Products: 


Report presented by W. A. Reich, chairman, 
and the following action taken: 
Accepted as Tentative, Revision in: 


Spec. for Sintered Metal Powder Structural 


Parts (B 222 47 T) 


i 


ECTROSCOPY 


WyMAN 


Committee B-2 on Non-Ferrous Metals and 
Alloys: 
Report presented by Bruce W. Gonser, chair- = 

man, and the following actions taken: , 

Reaffirmation of Standards: 


Spec. for Lake Copper Wire Bars, Cakes, Slabs, _ 
Billets, Ingots, and Ingot Bars (B 4-42) 

Spec. for Electrolytic Copper Wire Bars, Cakes, a 
Slabs, Billets, Ingots, and Ingot Bars (B5-_ 


43) 


Spec. for Nickel (B 39 - 22) 
Spec. for Rolled Zinc (B 69 39) 


| 
| 
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Spec. for Lead-Coated Copper Sheet (B 101 - 
40) 

Spec. for Electrolytic Cathode Copper (B 115 - 

43) 


Committee B-7 on Light Metals and Alloys, 
Cast and Wrought: 


Report presented by I. V. Williams, chairman, 


and the following actions taken: 


Spec. for Aluminum-Base Alloy Sand Castings 
(B 26 - 48 T) 

Spec. for Aluminum-Base Alloys for Permanent 
Mold Castings (B 108 —- 49 T) 

Spec. for Aluminum and Aluminum-Alloy Sheet 
and Plate for Use in Pressure Vessels (B 178 - 
49 T) 

Spec. for Aluminum-Base Alloys in Ingot Form 
for Sand Castings, Die Castings, and Per- 
manent Mold Castings (B 179 - 49 T) 

Spec. for Aluminum and Aluminum-Alloy Sheet 
and Plate (B 209 - 49 T) 

Spec. for Aluminum-Alloys Drawn Seamless 
Tubing (B 210-49 T) 

Spec. for Aluminum - Alloy Drawn Seamless 
Tubes for Condensers and Heat Exchangers 
(B 234 - 48 T) 

Spec. for Aluminum-Alloy Extruded Tubes (B 
235 - 49 T) 

Spec. for Aluminum-Alloy Pipe (B 241 - 49 T) 


Accepted as Tentative: 


Spec. for Aluminum-Alloy Die Forgings 


Accepted as Tentative, Revisions in: 


Editorial Changes Accepted in: 


Spec. for Magnesium-Base Alloy Sand Castings 
(B 80 - 49 T) 

Spec. for Magnesium-Base Alloy Sheet (B 90 - 
49 T) 

Spec. for Magnesium-Base Alloy Forgings (B 91 
- 49 T) 

Spec. for Magnesium-Base Alloy Bars, Rods, 
and Shapes (B 107 - 49 T) 

Spec. for Magnesium-Base Alloy Permanent 
Mold Castings (B 199 - 49 T) 

Spec. for Aluminum and Aluminum-Alloy Bars, 
Rods and Wire (B 211 — 49 T) 

Spec. for Magnesium-Base Alloy 
Round Tubing (B 217 - 49 T) 

Spec. for Aluminum and Aluminum-Alloy Ex- 
truded Bars, Rods and Shapes (B 221 - 49 T) 

Spec. for Aluminum Bars for Electrical Pur- 

poses (Bus Bars) — 48 T) 


Extruded 


“4 


SUMMARY OF PROCEEDINGS . 


y 


Committee B-1 on Wires for Electrical 
Conductors: 


Report presented, in the absence of the chair- 
man, by W. R. Hibbard, vice-chairman, and the 
following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Rope-Lay-Stranded Copper Conduc- 
tors Having Bunch-Stranded Members for 
Electrical Conductors (B 172 - 49 T) 

Spec. for Rope-Lay-Stranded Copper Conduc- 
tors Having Concentric Stranded Members for 
Electrical Conductors (B 173 - 49 T) 

Spec. for Bunch-Stranded Copper Conductors 
for Electrical Conductors (B 174-49 T) 

Spec. for Hard-Drawn Aluminum Wire for 
Electrical Purposes (B 230 - 49 T) 

Spec. for Concentric-Lay-Stranded Aluminum 
Conductors Steel-Reinforced (B 232 - 48 T) 


Adopted as Standard, Revisions in: 


Spec. for Concentric-Lay-Stranded Copper Con- 
ductors, Hard, Medium-Hard, or Soft (B 
8 — 49) 
Spec. for Cored, Annular, Concentric-Lay- 
Stranded Copper Conductors (B 226 - 49) 
Spec. for Tinned Soft or Annealed Copper Wire 
for Electrical Purposes (B 33 - 46) 

Spec. for Hot-Rolled Copper Rods for Electrical 
Purposes (B 49 - 41) 

Spec. for Lead-Coated and Lead-Alloy-Coated 
Soft Copper Wire for Electrical Purposes 
(B 189 - 48) 


Committee B-8 on Electrodeposited Me- 
tallic Coatings: 


Report presented, in the absence of the chair- 
man, by J. S. Pettibone, and accepted as a 
report of progress. 


Committee B-6 on Die-Cast Metals and 
Alloys: 


Report presented, in the absence of the 
chairman, by J. W. Caum, and the following 
actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Aluminum-Base Alloy Die Castings 
(B 85 - 49 T) 


Adopted as Standard: 


Spec. for Copper-Base (Brass) Alloy Die Cast- 


= 


ings (B 176 - 49 T) 
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Magnesium-Cerium Wrought Alloys for Ele- 
vated-Temperature Service—K. Grube, J. A. 
Davis, and L. W. Eastwood, presented by Mr. 
Eastwood. 

Magnesium-Cerium Cast Alloys for Elevated- 


Temperature Service—K. Grube and L. W. 
Eastwood, presented from manuscript by 
Mr. Eastwood. 

Aluminum-6 per cent Magnesium Alloys for 
Elevated-Temperature Service—L. W. East- 
wood, Webster Hodge, and C. H. Lorig, 
presented from manuscript by Mr. Eastwood. 


Committee A-9 on Ferro-Alloys: 


Report presented by W. C. Bowden, Jr., 
chairman, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Molybdenum Salts and Compounds 
(A 146 - 49 T) 

Spec. for Ferroboron (A 323 - 49 T) 

Spec. for Ferrotitanium (A 324 — 49 T) 


Adopted as Standard, Revisions in: 


for Spiegeleisen (A 98 - 41) 

for Ferromanganese (A 99 — 39) 
for Ferrosilicon (A 100 — 39) 

for Ferrochromium (A 101 — 42) 
for Ferrovanadium (A 102 — 39) 
for Ferromolybdenum (A 132 — 39) 
for Ferrotungsten (A 144 - 38) 


Spec. 
Spec. 
Spec. 
Spec. 
Spec. 
Spec. 
Spec. 


In all the above specifications, Committee 
A-9 submitted an editorial change in the revi- 
sion, as preprinted, involving a change in foot- 
note (a) under the revised table on chemical 
requirements changing the phrase “For pur- 
poses of determining compliance to these speci- 
fications, an observed or a calculated value 
obtained from analysis shall be rounded off 
to...” to read “For purposes of determining 
compliance to these specifications, the reported 
analysis shall be rounded off to...” 


Committee A-1 on Steel: 


Report presented by N. L. Mochel, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Spec. for Steel Sheet Piling 

Spec. for Heat-Treated Steel Tires 

Methods and Definitions for Mechanical Testing 
of Steel Bars 


Accepted as Tentative, Revisionsin: 
Spec. for Hot-Rolled Carbon-Steel Bars (A 107 


FOURTEENTH SESSION—STEEL, FERRO-ALLOYS, CHEMICAL ANALYSIS 


THURSDAY, JUNE 29, 9 a.m. 
SESSION CHAIRMAN: T. S, FULLER 


Spec. for Cold-Finished Carbon-Steel Bars and 
Shafting (A 108 - 49 T) 

Spec. for Alloy-Steel Bolting for High-Tempera- 
ture Service (A 193 — 49 T) 

Spec. for Carbon and Alloy Steel Forgings for 
Magnetic Retaining Rings for Turbine Gen- 
erators (A 288 — 49 T) 

Spec. for Carbon and Alloy Steel Forgings for 
Turbine Generator Rotors and Shafts (A 292 
— 49 T) 

Spec. for Carbon and Alloy Steel Forgings for 
Turbine Rotors and Shafts (A 293 - 49 T) 

Spec. for Carbon and Alloy Steel Forgings for — 
Turbine Bucket Wheels (A 294-49 T) 

Spec. for Steel Machine Bolts and Nuts and 
Tap Bolts (A 307 - 49 T) | 

Spec. for StructuraMSteel for Ships (A 131 - 49 T) 


The committee withdréw from the report as 
preprinted the recommendation that the fol- 
low ng tentatives be adopted as standard and 
recommends that they be revised as indicated 
and continued as tentative: 


Spec. for General Requirements for Delivery of 
Rolled Steel Plates, Shapes, and Bars for 
Structural Use (A 6-49 T) 

Spec. for Steel for Bridges and Buildings (A 7 - 
49 T) 

Spec. for Structural Silicon Steel (A 94-49 T), 
with a correction in Section 6, changing 
Paragraph (6) to (c) in the report, as pre- 
printed. 

Spec. for Structural Steel for Locomotives and 
Cars (A 113 - 49a T) 

Spec. for Structural Rivet Steel (A 141 - 49 T) 

Spec. for High-Strength Structural Rivet Steel 
(A 195 - 49a T) 

Spec. for Low-Alloy Structural Steel (A 242 - 
49 T) 

Spec. for Low and Intermediate Tensile Strength 

Carbon-Steel Plates of Structural Quality 


i 
: ; 
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(Plates 2 in. and Under in Thickness) (A 283 - 
49 T) 
Spec. for Low and Intermediate Tensile Strength 
a Carbon-Silicon Steel Plates for Machine Parts 
ag _ and General Construction (A 284 - 49 T) 


Adopted as Standard, Revision in: 


Spec. for Factory-Made Carbon-Steel and Car- 
bon-Molybdenum-Steel Welded Fittings (A 
234 — 44) 

Spec. for Seamless and Welded Austenitic Stain- 
less Steel Sanitary Tubing (A 270 — 47), jointly 
with Committee A-10 on Iron-Chromium, 

ae Iron-Chromium-Nickel and Related Alloys. 


Editorial Changes Accepted in: 


Spec. for Welded and Seamless Steel Pipe (A 53 - 
47) 

4 Spec. for Lap-Welded and Seamless Steel and 
ie! Lap-Welded Iron Boiler Tubes (A 83-46), 

with a correction in Table I, consisting of 

changing the word “maximum” to “mini- 
mum” copper content of 0.20 per cent 

Spec. for Seamless Low-Carbon and Carbon- 
Molybdenum Steel Still Tubes for Refinery 
Service (A 161 - 46) 

Spec. for Seamless Intermediate Alloy-Steel 
Still Tubes for Refinery Service (A 200 - 46) 
Spec. for Electric-Resistance-Welded Steel and 

Open-Hearth Iron Boiler Tubes (A 178 - 47) 

Spec. for Electric-Resistance-Vgelded Stee! Heat- 
Exchanger and Condenser Tubes (A 214 - 47) 

Spec. for Electric-Resistance-Welded Steel Boiler 
and Superheater Tubes for High-Pressure 
Service (A 226 - 47) 

Spec. for Welded Alloy-Steel Boiler and Super- 
heater Tubes (A 249 - 47) 

Spec. for Electric-Resistance-Welded Carbon- 
Molybdenum Alloy-Steel Boiler and Super- 
heater Tubes (A 250 - 47) 

Spec. for Seamless Cold-Drawn Low-Carbon 
Steel Heat Exchanger and Condenser Tubes 
(A 179 - 46) 

Spec. for Seamless Cold-Drawn Alloy-Steel Heat- 
Exchanger and Condenser Tubes (A 199 — 46) 


Committee E-3 on Chemical Analysis of 
Metals: 


Report presented by D. R. Evans, chairman, 
and the following actions taken: 


Adopted as Standard, Revisions in: 


Rec. Practices for Apparatus and Reagents for 
Chemical Analysis of Metals (E 50-48) with 
the following changes in the report, as pre- 
printed: 

Section 6.—In the fourth sentence change 

word “protective” to “suitable gas,” and 
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change “available for” to “worn when”. At 
the end of the sixth sentence add “before re- 
moving the shipping caps.”’ Change the be- 
ginning of the seventh sentence to read “‘Ade- 
quate properly ventilated storage space...” 

Change Paragraph (g) to read “(g) Metallic 
Mercury gives off an appreciable amount of 
vapor and must not be handled in quantity 
in a confined space even at room temperature. 
Every effort should be made to avoid spilling 
mercury since it easily lodges in cracks and 
crevices and may result in mercury poisoning.” 

In the second sentence in Item (2) of Para- 
graph (h), delete “cleaning down the con- 
densed acid and for” and insert “and interior 
of the hood” after the word “flue.” In the first | 
sentence of Item (3) on Destruction of Organic 
Matler delete the words “The hood of.” Also 
in Item (3) delete “cause loss of time and ma- 
terial by deflagration or explosion” in the 
second sentence and replace by “deflagrate 
or explode.” 

Table I.—Under “Percentage of Reagent 
by Weight” in the “Min.” and “Max.” 
columns, add ‘‘.0” to the values for hydro- 
bromic, hydrochloric, hydrofluoric, nitric, per- 
chloric, and sulfuric acids. 

Section 8—In the description of Reagent 
No. 2 under “Preparation” change the second 
sentence to read ‘‘Cogl and dilute with HNO; 
(1:9) to 1 liter in a volumetric flask.” 

Delete the Section on Reagent No. 3 since 
there is no change from the present method, , 

A new paragraph should be added for Rea- | 
gent No. 6 in which there is a footnote error. | 
Change 220 (1936)” to “p. 1065 (1926).” 

Concerning Reagent No. 24, delete the 


first sentence in Method A and replace by 
150 ml. beaker and add 10 ml. of HNO; (1:1). 
Heat gently to dissolve the sample and expel — 
the brown fumes.” 

Under new Reagent No. 113, add ‘and. 
filter.” at the end of the sentence. 

Change the section on Reagent No. 121 
to read “Method A (Preparation from Barium 
Diphenylamine Sul fate).—Dissolve 0.32 g. of 
barium diphenylamine sulfonate in 100 ml. of =| 
hot water. Add 0.5 g. of NazSO,, stir, and filter 
off the precipitate of BaSO,. Store ina dark _ 
colored bottle.” 

“Method B (Preparation from Sodium Di- 
phenylamine Sulfonate).—Dissolve 0.20 g. of 
sodium diphenylamine sulfonate in 100 ml. 
of water. Store in a dark colored bottle.” _ 

Footnotes:—FEditorial changes in footnotes 
in Method E 50, as preprinted, involve the 
inclusion of title of papers in footnotes 7, 7° 
74, and 


d 


Withdrawal of Standard and Tentatives: 


Photometric Method for Determination of Bis- 
muth in Pig Lead (E 58 - 45 T) 

Photometric Method for Determination of Iron 
in 70-30 Copper-Nickel Alloy (E 63 - 46 T) 
Method of Sampling Slab Zinc (Spelter) (E 65 - 

48) 


Reference is rnade in the report to a number 
of additional recommendations on standards to 
be presented to the Society through the Ad- 
ministrative Committee on Standards. All of 
the new and revised methods are to be issued 
in a new 1950 edition of the Book of A.S.T.M. 
Methods of Chemical Analysis of Metals. 


Papers: 

Reproducibility of Results of Tension Tests on 
Specimens Prepared from Cast Steel Coupons 
—Harry A. Schwartz and W. Kenneth Bock, 
presented by Mr. Schwartz. 
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Some Effects of Austenitic Grain Size and Metal- 
lurgical Structure on the Mechanical Prop- 
erties of Steel—G. M. Sinclair and T. J. : 
Dolan, presented by Mr. Sinclair. 

Rockwell C Hardness on Cylindrical Steel 
Specimens—Frank W. Hussey, presented by “A 
the author. 

Welding Characteristics of Open Hearth and ; 
Bessemer Seamless Pipe—A. B. Wilder, W. B 
Kennedy, and F. W. Crouch, presented from 4 
manuscript by Mr. Wilder. 

Welds Between Dissimilar Alloys in Full-Size 
Steam Piping—R. U. Blaser, F. Eberle, and 
J. T. Tucker, Jr., presented from manuscript 
by Mr. Eberle. 

Some Considerations in the Joining of Dissimilar 
Metals for High-Temperature High-Pressure 
Service—O. R. Carpenter, N. C. Jessen, J. L. 
Oberg, and R. D. Wylie, presented from manu- 
script by Mr. Carpenter. P 


Committee C-l1 on Cement: 


Report presented by F. H. Jackson, ame, 
and the following actions taken: srt 


Accepted as Tentative: 


Method of Test for Determining the Bleeding 
of Cement Pastes and Mortars, with Section 
7 (6) revised to read as follows: 

“(b) Mortars —Immediately following the 
flow test, the mortar remaining in the bowl 
shall be mixed for 30 sec. with one hand, pro- 
tected with a rubber glove, after which the 
glove shall be freed of adhering mortar. Within 
a total elapsed time of not more than 2 min. 
and 30 sec. after completion of the original 
mixing of the mortar batch, placing of the 
mortar in the sample container shall be started. 
The placing shall be done in three layers, 
each layer tamped 40 times with the tamper 
and the surface struck off level with the edge 
of the 5 in. diameter container by screeding 
with a steel straight edge. The remainder of 
the test shall be conducted in the same manner 
as that for the paste, Section (a). using as a 
starting time the completion of striking off the 


surface of the mortar in the container”.® 


8 This recommendation, not preprinted and subject to 
unanimous affirmative letter ballot of Committee C-1 was 
not accepted, However, subsequent to the Annual Meeting, 
the revision was accepted by the Administrative Com- 
mittee on Standards as a tentative revision on Septem- 
ber 26, 1950. 


FIFTEENTH SESSION—CEMENT AND CONCRETE, 


THURSDAY, JUNE 29, 9 A.M. 


SESSION CHAIRMAN: H.. F. GONNERMAN 


for Portland Cement (C 150-49), re- 


ROOFING MATERIALS 


Adopied as Standard, Revisions in: 


of Test for Compressive Strength of 
Hydraulic-Cement Mortars (C 109 - 49) 


vision added to the report as preprinted :* 


cept the first two sentences and add the fol- — 
lowing: “Unless otherwise specified, the 
strength tests for types I and II cements will | 
be made only at 3 and 7 days and for type © 
III cement only at 1 and 3 days. The strength 


than the strength at any preceding age.”’ 


Committee C-2 on Magnesium Oxychloride 
Cements: 


Report presented from manuscript by H. F. 
Gonnerman, session chairman. 


Committee C-9 on Concrete and Concrete 
Aggregates: 


Report presented by K. B. Woods, — 
and accepted as a report of progress. 
Committee C-4 on Clay Pipe: 


Report presented, in the absence of the dake. 
man, by H. F. Gonnerman and the following 
action taken: 


| 

{ 
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Adopted as Standard: 


Spec. for Standard Strength Perforated Clay 
Pipe (C 211 - 47 T) 


Committee D-8 on Bituminous Waterproof- 
ing and Roofing Materials: 


Report presented, in the absence of the chair- 
man, by E. H. Berger, vice-chairman, and the 
following actions taken: 


hy 

Definitions of Terms Relating to Bituminous 
Waterproofing and Roofing Materials 


Accepted as Tentative: 


Accepted as Tentative, Revisions in: 


Spec. for Asphalt Roofing Surfaced with Pow- 


Spec. for Asphalt Shingles with Mineral Gran- 
ules (D 225 - 46) 

Spec. for Asphalt Roofing Surfaced with Mineral 
Granules (D 249-46T), with a correction 
in the report as preprinted, replacing the 
word “material” with “‘mineral” in Section 2. 

Spec. for Wide Selvage Asphalt Roofing Sur- 
faced with Mineral Granules (D 371 - 46) 


SUMMARY OF PROCEEDINGS 


Spec. for Asphalt Siding Surfaced with Mineral 
Granules (D 699 — 46) 


Reapproval of Standards:® 


Spec. for Woven Cotton Fabrics Saturated with 
Bituminous Substances (D 173 - 44) 
Spec. for Asphalt for Use in Built-Up Roof 
Coverings (D 312 - 44) 
7 


Papers: 


Exploratory Tests to Develop a Method for 
Determining the Air Content of Hardened 
Concrete—Alexander Klein, David Pirtz, and 
Milos Polivka, presented from manuscript by 
Mr. H. E. Davis. 

Pulse Techniques Applied to Dynamic Testing— 


dered Tale or Mica (D 224-467), with a __J.R. Leslie, presented by the author. 
a) correction in the report as preprinted, sub- Method of Petrographic Examination of Ag- 
yy  stituting the word “mineral” for “material” gregates for Concrete—Katherine Mather and 
ash in Section 2. Bryant Mather, presented by Mr. Mather. 


Results on Testing Surface Waterproofers—F. 
O. Anderegg, presented by the author.” 

Testing Cement Base Paints and Dampproofers 
—William M. Spurgeon, presented from manu- 
script by the author." 


9 * Added to the report. 
1.67 No. 171, January, 1951, p. 48(TP10). 
u it -» p. 53 (TP15). 


Chairman of the Committee on Award © 


od Merit. Mr. Boyd stated that he and 
his associates on the Award of Merit 
Committee, namely, Messrs. D. E. 
Parsons, C. H. Rose, H. S. Vassar, and 
L. H. Winkler, had the honor and dis- 
tinction of making the selections and 
nominations to the Board of Directors 
for the first recipients of the recently- 
established A.S.T.M. Award of Merit. 
After explaining the procedures that had 
= followed, beginning with considera- 

= of recommendations from the tech- 

2s committees of the Society, he then 

~ introduced to the President, with appro- 


q SIXTEENTH SESSION—LUNCHEON, PRESENTATION OF AWARDS OF MERIT, AND 
RECOGNITION OF FORTY- AND FIFTY-YEAR MEMBERS 
Tuurspay, JUNE 29, 12:15 P.M. 
CHAIRMAN: PRESIDENT J. G. MORROW 
b, This luncheon session was attended by priate citation for each, the following 
‘ over 150 members and guests. At the recipients of the award: 
_ conclusion of the luncheon the chairman — Alfred P. S. Bellis reve; 
introduced Past-President T. A. Boyd, | Harold F. Dodge ital 1 PoE 


A. W. Dow 

H.P. Ferguson 
D.W. Kessler 
T. G. Stitt 
T. Smith Taylor 
Perey H. Walker 
LeRoy L. Wyman 
All but Mr. Walker were present and 
received personally the certificate of 


award. 


Presentation of Forty- and Fifty-Year 
Members: 
The Executive Secretary presented 
brief citations for six 50-year members, 
five of whom were present or represented 


and to whom were tendered by the 


— 
! > 
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President specially engrossed framed 
certificates. 

The Executive Secretary also cited 
the 25 members who this year have 
reached 40 years of membership. Nine 
were present and received the appro- 
priate forty-year certificate. 

The President introduced a guest and 
member of the Society from Brazil, Mr. 
Mariano J. M. Ferraz, Director General 
of the Sorocabana Railroad Materials 
Co. and President of the Federation of 
Industries of Sao Paulo. Mr. Ferraz 
extended greetings to the Society from 


FIFTy-THIRD ANNUAL MEETING 


the Brazilian Standards Association and 
invited close cooperation between the 
two societies in their mutual interest 
in advancement of standardization ac- 
tivities. 

The chairman introduced Past-Presi- 
dent Arthur W. Carpenter, referring to 
the fact that this meeting brings to a 
close eight consecutive years of service 
by Mr. Carpenter on the Board of 
Directors. Mr. Carpenter responded 
most appropriately to this introduction, 
expressing his appreciation at the op- 
portunity to have served the Society 
as he has been privileged to do. 


Committee C-22 on Porcelain Enamel: 


Report presented from manuscript by W. N. 
Harrison, chairman. 


Committee C-21 on Ceramic Whitewares: 


Report presented, in the absence of the chair- 
man, by J. W. Caum and the following action 
taken: 

Accepted as Tentative: 


Definitions of Terms Relating to Ceramic White- 
wares 


Committee C-19 on Structural Sandwich 
Constructions: 


Report presented from manuscript by A. G. 
H. Dietz, chairman. 


Committee C-14 on Glass and Glass 
Products: 


Report presented from manuscript by E. W. 
Tillotson, chairman, and the following actions 
taken: 


Accepted as Standard, Revisions in: 

Method of Hydrostatic Pressure Test on Glass 
Containers (C 147 - 43) 

Method of Polariscopic Examination of Glass 
Containers (C 148 - 43) 

Method of Thermal Shock Test on Glass Con- 
tainers (C 149 - 43) 


Committee C-18 on Natural Building Stone: 


Report presented by L. W. Currier, chairman, 
and the following actions taken: 


SEVENTEENTH SESSION—BUILDING MATERL 


TuursDAY, JUNE 29, 2:30 p.m. 
SESSION CHAIRMAN: VICE-PRESIDENT L. J. MARKWARDT © 


Clay Tile (C 43 - 49) ew 1 


Adopted as Standard: 


Definitions of Terms Baletlae to Natural Build- 
ing Stone (C 119 - 48 T) 


Adopted as Standard, Revisions in: 


Method of Test for Compressive Strength of e 
Natural Building Stone (C 170 - 46) 


Withdrawal of Standards: 
Method of Test for Modulus of Elasticity of 
Natural Building Stone: (C 100 - 36) 


Method of Shear Testing of Natural Building 
Stone (C 102 - 36) 


Committee C-15 on Manufactured Masonry 
Units: 


Report presented by J. W. Whittemore, 
chairman, and the following actions taken: 


Adopted as Standard: 
Spec. for Facing Brick (C 216 - 48 T) 


Adopted as Standard, Revisions in: 
Spec. for Building Brick (Made from Clay or 
Shale) (C 62 - 49) 
Spec. for Sewer Brick (Made from Clay or 
Shale) (C 32 - 42) 
Spec. for Structural Clay Load-Bearing Wall — 
Tile (C 34 - 49) 
Spec. for Structural Clay Non-Load-Bearing 
Wall Tile (C 56 49) 
Spec. for Structural Clay Floor Tile (C 57-49) | 
Methods of Sampling and Testing Brick (C 67 - re 
44) 


Definitions of Terms Relating to; , Structural 
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Committee D-7 on Wood: 


Report presented by L. J. Markwardt, chair- 
man, and the following actions taken: 


Accepied as Tentative: 


Method of Test for Integrity of Glue Joints in 
Laminated Wood Products for Exterior Serv- 
ice 

Method of Test for Ash in Wood 

Methods of Test for Water Solubility of Wood 

Method of Test for Ether Solubility of Wood 

Method of Test for Ether Solubility of Wood 

Method of Test for Alcohol-Benzene Solubility 
of Wood 

Method of Test for One Per Cent Caustic Soda 
Solubility of Wood 

Method of Test for Holocellulose in Wood 

Method of Test for Lignin in Wood 

Method of Test for Alpha-Cellulose in Cellu- 
losic Materials 


SUMMARY OF PROCEEDINGS 


Method for 
Wood 


Adopied as Siandard: 
Spec. for Chromated Zinc Chloride (D 1032 - 49 
T) 


Preparation of Extractive-Fr 


Spec. for Tanalith (D 1034 - 49 T) 

Spec. for Creosote-Coal-Tar Solution (D 391 - 
49 T) 

Spec. for Zinc Chloride (D 432 - 49 T) 

Methods of Chemical Analysis of Chromated 
Zinc Chloride (D 1033 - 49 T) 

Methods of Chemical Analysis of Tanalith 
(D 1035 - 49 T) 

Methods of Chemical Analysis of Zinc Chloride 
(D 199 - 49 T) 


Adopted as Standard, Revision in: 


Methods of Testing Small Clear Specimens of 
Timber (D 143 - 49) 


Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products: 


Report presented by W. T. Pearce, chairman, 


and the following actions taken: . 
Accepted as Tentative: 


Spec. for Pure Para Red Toner (D 475 - — T) 
Method of Test for Heptane Number of Hydro- 
carbon Solvents 
Method of Test for Kauri-Butanol Value of 
Hydrocarbon Solvents 
- Method of Test for Nitrocellulose Diluting 
Power of Hydrocarbon Solvents 
Methods for Chemical Analysis of Blue Pigments 
Methods for Chemical Analy sis of Yellow, 
” Orange, and Green Pigments ‘Containing Lead 
. Chromate, and Chromium Oxide Green (D 
126 - — T) 
Methods for Chemical Analysis of Zinc Dust 
(Metallic Zinc Powder) (D 521 - — T) 
Methods of Testing Varnishes (D 154 - — T) 


ho": @ Accepied as Tentative, Revisions in: 


Method of Preparation of Steel Panels for Test- 
ing Paint, Varnish, Lacquer, and Related 
Products (D 609 - 46 T) 

Spec. for Venetian Red (D 767 - 48 T) 

Methods of Testing Drying Oils (D 555 - 47), 
comprising new tests for hydroxyl value and 
break. 

Definitions of Terms Relating to Paint, Varnish, 
Lacquer, and Related Products (D 16-47), 


COKE, SOAP, “TEXTILES 
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AND 


comprising new definitions of the terms spar 
varnish, sealer, primer and size. 


Adopted as Standard: 7 


Spec. for Methods of Testing Ethylcellulose 
(D 914-47 T) 

Definitions of Terms Relating to Paint, Varnish, 
Lacquer, and Related Products (D 16 - 48 T) 


Adopied as Standard, Revisions in: 


Methods of Chemical Analysis of Yellow, Orange, 
Red, and Brown Pigments Containing Iron 
and Manganese (D 50 — 36) 

Methods of Testing Varnishes (D 154 — 47) 

Definitions of Terms Relating to Paint, Varnish, 
Lacquer, and Related Products (D 16-47), 
new definition of oil color. 

Spec. and Test for Soluble Nitrocellulose (D 301 
48) 

Withdrawal of Standards: 

Methods of Chemical Analysis of Yellow and 
Orange Pigments Containing Chromium Com- 
pounds, Blue Pigments, and Chrome Green 
(D 126 — 36) 

Methods of Chemical Analy sis of Zinc Dust 
(D 521 - 40) ae 


Editorial Changes Accepted in: 

Spec. for Red and Brown Iron Oxide Pigments 
(D 84 - 48 T) 

Method of Test for Night Visibility of Traffic 
Paints (D 1011 - 49 T) 
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Committee D-16 on Industrial Aromatic 
Hydrocarbons: 


Report presented, in the absence of the 
chairman, by R. B. Greene, secretary, and the 
following actions taken: 


Adopted as Standard: 

Method of Test for Thiophene in Benzene 
(D 931 - 47 T) 

Adopted as Standard, Revisions in: 


Spec. for Nitration Grade Benzene (D 835 - 47) 
Spec. for Industrial Grade Benzene (D 836 — 47) 
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Spec. for Industrial 90 Benzene (D 837 — 47) 

Spec. for Refined Solvent Naphtha (D 838 - 47) 

Spec. for Crude Light Solvent Naphtha (D 839 
— 47) 

Spec. for Crude Heavy Solvent Naphtha (D 
840 47) 

Spec. for Nitration Grade Toluene (D 841 — 47) 

Spec. for Industrial Grade Toluene (D 842 — 47) 

Spec. for Nitration Grade Xylene (D 843 — 47) 


Spec 


. for Industrial Grade Xylene (D 844 — 47) 


Spec. for Five-Degree Xylene (D 845 — 47) 

Spec. for Ten-Degree Xylene (D 846 — 47) 

Method of Test for Distillation of Industrial 
Aromatic Hydrocarbons (D 850 - 47), with a 
further change to retain the present thermom- 
eters as alternate. 


Editorial Change Accepted in: 


Method of Test for Solidifying Point of Benzene 
(D 852 - 47) 


Committee D-9 on Electrical Insulating 
Materials 


Report presented, in the absence of the chair- 
man, by O. E. Anderson, recording secretary, 
and the following actions taken: ' 
@ 
Accepted as Tentative, Revisions in: e 
Spec. for Orange Shellac and Other Indian Lacs 
for Electrical Insulation (D 784 — 44 T) 
Spec. for Black Bias-Cut Varnished Cloth Tape 
Used for Electrical Insulation (D 373 - 49 T) 
Methods of Testing Nonrigid Polyvinyl Tubing 
(D 876 - 46 T) 
Methods of Testing Electrical Insulating Oils 
(D 117 — 47 T), with the addition of Sections 
26 and 27 on Definitions and Significance of 
Power Factor. 
Methods of Testing Askarels (D 901 — 49 T) 
Methods of Testing Glass-Bonded Mica for 
Electrical Insulation (D 1039 - 48 T) 
Methods of Testing Varnished Cloths and Var- 
nished Cloth Tapes Used in Electrical In- 
sulation (D 295 — 49 T) 
Methods of Testing Varnished Glass 


Fabric 


Taw 


Tapes Used in Electrical Insulation (D902 - 
47 T) 

‘Methods of Sampling and Testing Untreated 
Paper Used in Electrical Insulation (D 202 - 
49 T), with two editorial changes: in Section 
15, add the word “about” in the phrase “a 
whole unit of about the same area”; in Sec- — 
tion 56, change item 2 to read “Average re- 
tention of tearing strength or folding endur- 
ance after baking, expressed as a percentage of _ 
the results obtained on the unbaked speci- _ 
mens, and”’. 

Methods of Testing Sheet and Plate Materials 
Used in Electrical Insulation (D 229 — 49) 


Adopted as Standard, Revisions in: 


Methods of Testing Shellac Used for Electrical 
Insulation (D 411 - 44) 


It was announced that the committee had 
withdrawn from the report, as preprinted, the 
proposed new Tentative Specifications for Cellu- 
lose Acetate Sheet and Film for Electrical 
Insulation, jointly with Committee D-20 on _ 
Plastics. 


Committee D-5 on Coal and Coke: 


Report presented, in the absence of the chair- 
man, by C. H. Sawyer, secretary, and the fol- — 
lowing actions taken: 


Adopted as Standard, Revisions in: 


Method of Test for Sieve Analysis of Coke ; 
(D 293 - 29), with new footnote 3. 

Method of Tumbler Test for Coke (D 294 - 29), 
with new footnote 2°: 

“Users’ attention is called to the fact that 
yields of certain sizes as determined by useof 
specified screens cannot be compared directly - 
with results obtained by using screens as _ 
specified prior to the 1950 revision. An impor- 


tant example occurs in the case of the tumbler _ 


test stability factor (per cent remaining on 
1 in. after tumbling) which will be slightly 
higher than comparable previous results using 
the formerly.specified 1.06 in. screen.” 


Committee D-12 on Soaps and Other De~ 
tergents: ' 


Report presented, in the absence of the 


Secretary, and the following actions taken: 
Accepted as Tentative: 


Spec. for Solid Soap for Low-Temperature Wash- 
ing (Low and Medium Titer) 

Spec. for Chip or Granular Soap for Low-Tem- 
perature Washing (Low and Medium Titer) 

Adopted as Standard: 

Spec. for Borax (D 929 - 47 T) io 
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Adopted as Standard, Revision in: 


Definition of Terms Relating to Soaps and Other 
Detergents (D 459-48), with the deletion 
of “synthetics” and addition of “synthetic 
detergents” at the end of the definition of 
“alkaline detergent.” 


_ Editorial Changes Accepted in: 
Spec. for Alkaline Soap Powder (D 534 - 42) 
Accepted for Publication as Information: 


Proposed Method of Test for pH of Aqueous 
Solutions of Soaps and Detergents 

~ Proposed Method of Test for Foaming Prop- 
erties of Surface Active Agents 


Committee D-13 on Textile Materials: 


Report presented by H. J. Ball, chairman, and 
_ following actions taken: 


Accepted as Tentative: 


a Method of Test for Vegetable Matter in Scoured 
Wool 
Spec. for Mechanical Sheet Felt 


~ Cov erings to Insect Pest Damage 
Method of Test for Snag Resistance of Hosiery 
Methods of Testing Bonded Fabrics 
Method of Test for Magnetic Rating of As- 
bestos Used for Electrical Purposes 


— Accepted as Tentative, Revisions in: 


Definitions of Terms Relating to Textile Ma- 
terials (D 123-49 T), comprising new defi- 
nitions of the terms: bleaching; binding; 
carding; extensibility; deformation, delayed 
or creep; creep, primary; creep, secondary; 
yarn, Kraft; hair; and noil. The Committee 
withdrew from the report the definitions for: 
water repellency (textile); water resistance 
(fabric); narrow fabrics and take-up. 

Method of Test for Fastness of Colored Textiles 
to Light (D 506-45 T) 

_ Method of Test for Resistance of Textile Fabrics 
to Water (D 583 - 40 T) 

Methods of Test for Resistance of Textile Ma- 
terials to Microorganisms (D 684 - 45 T) 
3 _ Methods of Test for Fineness of Wool (D 419 - 

47 T) 

or Spec. and Methods of Test for Fineness of Wool 
Tops (D 472 - 47 T) 
Method of Test for Determination of Small 
ss Amounts of Copper, Manganese and Nickel 
in Textiles (D 377 - 47 T) 

Spec. and Methods for Asbestos Yarns (D 299 - 
49 T) 

Spec. and Methods for Asbestos Lap (D 1061 - 
49 T) 


Pra) 
SUMMARY OF PROCEEDINGS 


Methods of Testing and Tolerances for Continu- N 
ous Filament Rayon and Estron Yarns (D 258 
48 T) 

Methods of Testing and Tolerances for Glass 
Yarn (D 578 - 49 T) 

Spec. and Methods for Asbestos Roving for 


Electrical Purposes (D 375 — 49) C 
Methods of Testing Rayon and Estron Staple 

(D 540 — 44) 
Methods of Testing Felt (D 461 - 49) re n 


Adopted as Standard: wo 


Spec. for Woven Asbestos Cloth (D 677 - 46 T), 
as revised 

Definition of Terms Relating to Textile Materials 
(D 123-49T), comprising revisions in 11 
definitions and a revised Table I on Synthetic 
fibers and monofilaments. The proposed re- 
vision of the definition of the term “yarn, 


single” was withdrawn by the committee. __ 


Adopted as Standard, Revisions in: : - 
Definition of Terms Relating to Textile Ma- 
terials (D 123 - 49) 
Recommended Practice for a Universal System 
of Yarn Numbering (D 861 - 47) 
Method of Test for Hard Scoured Wool in Wool 
in the Grease (D 584 — 47) Aes 
Spec. for Mechanical Roll Felt (D944-49) 
Methods of Testing Felt (D 461 — 49) 


Withdrawal of Tentative: 


Spec. for Bleached Wide Cotton Sheeting (D 503 
- 48 T) 


Editorial Changes Accepted in: =e 


Methods of Testing and Tolerances for Cotton 
Yarns (D 180-49 T) ‘ 
Methods of Testing and Tolerances for Con- 
tinuous Filament Rayon and Estron Yarns 
(D 258 — 48 T) 
Methods of Testing and Tolerances for Rayon 
Tire Cord (D 885 — 46 T) 


The recommendation that the Tentative 
Methods of Test for Resistance of Textile Ma- 
terials to Microorganisms (D 684-45 T) be 
revised was withdrawn from the report; also 
the recommendation that the Tentative Methods 
of Test for Evaluating Treated Textiles for 
Permanence of Resistance to Microorganisms 
(D 862-45 T) be discontinued was withdrawn 
from the report. 

At the conclusion of the report, the session 
took cognizance of the retirement of Professor 
Ball as chairman of Committee D-13 after 20 
years of service. 


LJ 
—_ 
ae 


NINETEENTH SESSION—SYMPOSIUM ON IDENTIFICATION AND CLASSIFICATION 
OF SOILS 


THURSDAY, JUNE 29, 8 P.M. 


SESSION CHAIRMAN: 


Committee D-18 on Soils for Engineering 
Purposes: 


Report presented by E. J. Kilcawley, chair- 
man, and the following action taken: 


Adopted as Standard, Revision in: 


Methods of Surveying and Sampling Soils for 
Highway Subgrades (D 420 - 45) 


Symposium on Identification and Classifi- 
cation of Soils :* 


Identification and Classification of Soils—An 
Appraisal andStatement of Principles—Donald 
M. Burmister, presénted from manuscript 
by the author. 

A Standard en of Soils as Used by the 


G. W. McAtpiIn 


Bureau of Reclamation—E. A. Abdun-Nur, 
presented from manuscript by the author. 
Discussion of the Classification of Highway Sub- 
grade Materials Initiated by the Highway 
Research Board—W. F. Abercrombie, pre- 

sented from manuscript by the author. 

Soil Classification for Highway Purposes—Ed- 
ward A. Willis, presented from manuscript by 
the author. 

Soil Series Names as Identified by the Division 
of Soil Survey as a Basis for Interpretive 
Soil Classifications for Engineering Purposes 
—Earl J. Felt, presented from manuscript by 
the author. 

Pilot Studies of Soil Density Measurements by 
Means of X-rays—D. Berdan and R. K. 
Bernhard, presented by Mr. Bernhard. 


Ne 


Committee on Adhesives: 

Report presented by Frank W. Reinhart, 
chairman, and accepted as a report of progress. 
Committee D-20 on Plastics: 


Report presented, in the absence of the 
chairman, by B. L. Lewis, secretary, and the 
following actions taken: 


Accepted as Tentative: 


Rec. Practice for Injection Molding of Specimens 
of Thermoplastic Materials (D 1130 - 50 T) 


Accepled as Tentative, Revisions in: 


Spec. for Melamine-Formaldehyde 
Compounds (D 704-44 T) 

Spec. for Molds for Test Specimens of Plastic 
Molding Materials (D 647 - 49 T) 


Adopted as Standard: 


Molding 


Spec. for Vinyl Chloride-Acetate Resin Plastic 
‘Sheets (D 708 - 44 T) 

Spec. for Vinyl Chloride-Acetate Resin Molding 
Compounds (D 728- 44 T) 

Spec. for Cast Allyl Plastic Sheet, Rods, Tubes, 
and Shapes (D 819-45 T) 

Tentative Method of Test for Luminous Re- 
flectance, Transmittance and Color of Materi- 


TWENTIETH ADHESIVES, SHIPPING CONTAINERS 


FRIDAY, JUNE 30, 9:30 a.m. 
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R. E. Hess 


als. (D 791-44 T), with deletions as follows: 
Delete “which is simpler, more rapid, or 
less expensive” in Section 1(a); delete “mu” 
in Section 2(e). In Section 5 Paragraphs 
(b) and (c) should be designated (a) and (0) 
under 2. In Note 3, denominator of equation 
for R; should be squared. 

Method of Test for Measuring the Molding Index 
of Thermosetting Molding Powder (D731 - 
48 T) 

Method of Test for Stiffness in Flexure of Plas-, 
tic (D 747 — 48 T) 

Method of Test for Resistance of Plastics to 
Accelerated Service Conditions (D 756-46 
T) 

Method of Test for Specific Gravity of Plastics 
(D 792 - 48 T) 

Method of Test for Apparent Density and Bulk 
Factor 
(D 954 - 48 T) 

Method of Test for Measuring Shrinkage from 
Mold Dimensions of Molded Plastics (D 955 
- 48 T) 

Rec. Practice for Molding Specimens of Amino 
Plastics (D 956 - 48 T) 

Rec. Practice for Determining Mold Surface 
Seapets of Commercial Molds for Plas- 


of Nonpouring Molding Powders 
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Rec. Practice for Determining Temperatures 
of Standard A.S.T.M. Molds for Test Speci- 
mens of Plastics (D 958 - 48 T) 


Adopted as Standard, Revisions in: 


Methods of Test for Index of Refraction of 
Transparent Organic Plastics (D 542 - 42) 
Method of Test for Surface Irregularities of 
Flat Transparent Plastic Sheets (D 637 - 43) 


Withdrawal of Tentative: 


Spec. for Nonrigid Vinyl Butyral Plastics (D 

745 - 44 T) 

Committee D-20 withdrew from its report, as 
preprinted, the new Tentative Specifications for 
Cellulose Acetate Sheet and Film for Electrical 
Insulation, jointly with Committee D-9 on 
Electrical Insulating Materials. 

Committee D-20 had recommended the adop- 
tion as standard the Tentative Method of Test 
for Rockwell Hardness of Plastics and Electrical 
Insulating Materials (D 785-48 T), subject to 
concurrence of Committee D-9 since this 
method is under the joint jurisdiction of both 
committees. This recommendation is under con- 

ideration in Committee D-9. 

The committee also withdrew from its report 
the recommendation that Tentative Specifica- 
tions for Methacrylate Molding Compounds 
(D 788-48 T) and Tentative Method of Test 
for Weight Loss of Plastics on Heating (D 948 
-47 T) be adopted as standard. 


Committee D-10 on Shipping Containers: 


Report presented, in the absence of the 
chairman, by T. A. Carlson, and the following 


Adopted as Standard: 


Method of Drop Test for Bags (D 959 - 48 T) 

Def. of Terms Relating to Shipping Containers 
(D 996 - 48 T) 

Method of Drop Test for Cylindrical Shipping 
Containers (D 997 - 48 T) 


Adopted as Standard, Revision in: 


Method of Incline Impact Test for Shipping 
Containers (D 880 - 47) Lr 
Report presented by V. E. Grotlisch, chair- 
man, and the following actions taken: 


Committee D-17 on Naval Stores: 


Accepted as Tentative: 
Methods of Test for Rosin Oils 


Accepted as Tentative, Revisions in: 
Method of Test for Water in Liquid Naval Stores 


SUMMARY OF PROCEEDINGS 


(D 890 46 T) manuscript by Mr. Rossen, 


Adopted as Standard: 


Method of Test for Volatile Oil in Rosin (D 
889 - 46 T), as revised with a further change 
in Section 3(b) to delete the last sentence of 
this paragraph. 


It was announced that the committee had 
withdrawn from the report, as preprinted, the 
recommendations for revision and adoption as 
standard of the Tentative Methods of Test 
for Acid Number of Rosin (D 465 - 49 T) and 
the Tentative Method of Test for Saponifica- 
tion Number of Rosin (D 464-49 T). 


Committee D-6 on Paper 
Products: 


and Paper 


Report presented by W. R. Willets, chairman, 
and the following actions taken: 


Accepted as Tentative: 

Method of Static Bending Test for Corrugated 
Paperboard 

Test for Water-Soluble Sulfates in Paper and 
Paperboard 

Spec. for Filter Paper for Use in Chemical 
Analysis : 

Accepted as Tentative, Revisions in: ~ i 

Test for Organic Nitrogen in Paper and Paper 
board (D 982 —48 T) 

Test for Scuff Resistance of Paperboard (D 


1029-49T), with editorial changes, sub- 
stituting “peeling resistance” for “scuff re- 
sistance” throughout the text. at 
At 
Adopted as Standard: y 


Test for Paraffin Wax Absorptiveness of Paper 
(D 983 - 48 T) 

Test for Reducible Sulfur in Paper (D 984 - 48 
T) 

Test for 45-deg., 0-deg. Directional Reflectance 
for Blue Light (Brightness) of Paper (D 
985 - 48 T) 

Method of Preparation of a Magnesium Oxide 
Standard for Spectral Reflectivity (D 986 - 
48 T) 


Adopted as Standard, Revisions in: 


Method of Test for Basis Weight of Paper and 
Paper Products (D 646 — 44) 

Method of Test for Hydrogen Ion Concentration 
(pH) of Paper Extract (D 778 — 46) 


Papers: 


The Measurement of Dynamic Modulus in 
Adhesive Joints at Ultrasonic Frequencies— 
A. G. H. Dietz, P. J. Closmann, G. M. 
Kavanagh, and J. N. Rossen, presented from 
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Stress Cracking of Polyethylene—R. H. Carey, 
presented from manuscript by the author.” 

Effects of Elevated Temperatures on Strength 
of Thermosetting Plastic Laminates—N. 
Fried, R. R. Winans, and L. E. Sieffert pre- 
sented by Mr. Fried. 

Outdoor Weather Aging of Plastics Under Vari- 
ous Climatological Conditions—S. E. Yustein, 
R. R. Winans, and H. J. Stark, presented by 
Mr. Yustein."* 


FIFTY-THIRD ANNUAL MEETING © 


Rotary Screen for Laboratory Separation of 
Shives from Mechanically Prepared Wood 
Pulp—H. W. Greider, R. A. MacArthur, and 
L. C. Gischig, presented by Mr. Greider.™ 


pt, — aa in ASTM Buttetm, No. 167, July, 1950, p. 


) 
in ASTM Boutuetin, No. 173, April, 1951, 
p- 31 
4 Published in ASTM Buttetin, No. 169, October, 
1950, p. 27 (TP213). 


TWENTY-FIRST SESSION—BUILDING MATERIALS, FIRE TESTS OF 


MATERIALS 


Fripay, JUNE 30, 2 P.M. 
SESSION CHAIRMAN: L, J. TROSTEL 


Committee C-11 on Gypsum: 


Report presented by L. S. Wells, chairman, 
and the following actions taken: 


Adopted as Standard, Revisions in: 


Def. of Terms Relating to Gypsum (C 11 - 48) 

Spec. for Gypsum (C 22 - 41) 

Methods of Testing Gypsum and Gypsum Prod- 
ucts (C 26 - 42) 

Spec. for Gypsum Plasters (C 28-40), with a 
revision in Section 17 to read: “‘Fineness.— 
Gypsum gauging plaster for finish coat shall 
all pass a No. 14 mesh (1410-micron) sieve 
and not less than 60 per cent shall pass a No. 
100 (149-micron) sieve. 

Spec. for Gypsum Wallboard (C 36 - 42) 

Spec. for Gypsum Lath (C 37 - 42) 

Spec. for Gypsum Molding Plaster (C 59 — 40) 

Spec. for Keene’s Cement (C 61 — 40) 

Spec. for Gypsum Sheathing Board (C 79 — 42) 


Committee C-7 on Lime: 


Report presented from manuscript by W. C. 
Voss, chairman. 


Committee C-17 Asbestos-Cement 


Products: 


Report presented from manuscript by H. R. 
Snoke, chairman. 


on 


Committee C-8 on Refractories: 


Report presented, in the absence of the chair- 
man, by J. S. Pettibone and the following actions 
taken: 


Accepted as Tentative, Revision in: 


Spec. for Castable Refractories for Boiler Fur- 
naces and Incinerators (C 213 - 47 T) 

Snec. for Refractories for Malleable Iron Fur- 
naces with Removable Bungs, and for Anneal- 
ing Ovens (C 63 - 47) 

Methods of Chemical Analysis of Refractory 
Materials (C 18 - 45) 


Def. of Terms Relating to Refractories (C 71 - 
49) 

Accepted for Publication as Information: 

Proposed Method of Test for Disintegration of 
Fireclay Refractories in an Atmosphere of 
Carbon Monoxide 


Committee C-16 on Thermal Insulating 
Materials: 


Report presented, in the absence of the chair- 
man, by J. S. Pettibone and the following actions 
taken: 


Adopted as Standard, Revisions in: 

Methods of Test for Thickness and Density o 
Blanket or Batt Type Therma! Insulating 
Materials (C 167 — 44) 

Def. of Terms Relating to Thermal Insulating 
Materials (C 168 — 48) 


Committee E-5 on Fire Tests of Materials 


and Construction: 


Report presented, in the absence of the chair- _ 
man, by R. C. Corson and the following actions — 


taken: 
Accepted as Tentative: 


Method of the Fire Hazard Classification of — 


Building Materials 


Accepted as Tentative, Revisions in: 


Methods of Fire Tests of Building Construction 
and Materials (E 119-47), including the 


retained as a tentative revision. 


Adopted as Standard, Revisions in: 

Methods of Fire Test of Building Construction 
and Materials (E 119 - 47), with the excep- 
tion of Section 26 (c) which was accepted as a 
tentative revision. 

Method of Test for Combustible Properties of 
Treated Wood by the Crib Test Method 
(E 160 - 46) 


= 


proposed change in Section 26 (c) which was — 
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Papers: 


22° 

Method of Tests for Combustible Properties of 

Treated Wood by the Fire Tube Test Method 


The Effect of Time and Temperature of Burning 


on the Properties of Quicklime Prepared from 


SUMMARY OF PROCEEDINGS 


Calcite—J. A. Murray, H. C. Fischer, and 
D. W. Sabean, presented by Mr. Murray. 
Automatic Control of Thermal Conductivity 
Apparatus--E. M. Herrmann, R. B. Plate, 
and W. P. Sinclair, presented from manu- 

script by Mr. Plate." 


‘8 Published in ASTM BuLtetin, No. 170, December, 
1950, p. 69 (TP295). 


TWENTY-SECOND SESSION—CORROSION 


METALS, CAST IRON, 
Fripay, JUNE 30, 2 p.m. 


SESSION CHAIRMAN: 


Committee D-19 on Industrial Water: 
Report presented, in the absence of the chair- 


Accepted as Tentative: 


Methods of Test for Sodium and Potassium in 
Industrial Water 

Methods of Test for Electrical Conductivity of 
Industrial Water 


_ Methodsof Test for Hardnessin Industrial Water 
- Method of Identification of Types of Micro- 


organisms in Industrial Water 


Accepled as Tentative, Revisions in: 


Methods of Test for Total Carbon Dioxide, 
and Calculation of the Carbonate and Bi- 
carbonate Ions in Industrial Water (D 513- 
48 T) 

Methods of Test for Silica in Industrial Water 
(D 859 - 47 T) 

Rec. Practice for Application of X-Ray Diffrac- 
tion Method (D 934 - 47 T) 


Adopted as Standard: 


Def. of Terms Relating to Industrial Water 
Method of Test for Total Aluminum Ion in 


Industrial Water (D 857-48 T), as revised 


_ Adopted as Standard, Revisions in: 


Method of Reporting Results of Examination 
and Analysis of Water-Formed Deposits (D 
933 — 49) 


_ Jt. Committee on Boiler Feedwater Studies: 


Report presented, in the absence of the chair- 


man, by R. E. Hess and accepted for publica- 
cation. 


Committee A-3 on Cast Iron: 


Report presented by J. S. Vanick, chairman, 
and the following actions taken: 


OF FERROUS 
WATER 


AND NON-FERROUS 


H. L. MAXWELL 


Accepted as Tentative: 
Methods of Impact Testing of Cast Iron 


Reaffirmation of Standards: 

Spec. for Cast Iron Culvert Pipe (A 142 - 38) 

Spec. for Gray Iron Castings for Valves, Flanges 
and Pipe Fittings (A 126 - 42) 

Spec. for Cast Iron Pit-Cast Pipe for Water or 
Other Liquids (A 44 - 41) 

Spec. for Cast Iron Soil Pipe and Fittings (A 
74-42) 


Committee A-5 on Corrosion of Iron and 
Steel: 
Report presented, in the absence of the chair- 
man, by H. F. Harmon, and the following actions 
taken: 


Accepted as Tentative, Revisions in: 

Spec. for Zinc-Coated (Galvanized) Iron or 
Steel Sheets, Coils and Cut Lengths (A 93- 
48 T) 

Spec. for Long Terne Iron or Steel Sheets, Coils 
and: Cut Lengths (A 308 - 47 T) 


Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel and Related Alloys: 
Report presented, in the absence of the 

chairman, by F. L. LaQue and the following 

actions taken: 


Adopted as Slandard, Revision in: 

Spec. for Seamless and Welded Austenitic Steel 
Sanitary Tubing (A 270-47), jointly with 
Committee A-1 on Steel 


Committee B-5 on Copper 
Alloys, Cast and Wrought: 
Report presented in the absence of the chair- 

man, by J. W. Caum and the following actions 

taken: 


and Copper 


Accepted as Tentative, Revisions in: 


Spec. for Cartridge Brass Sheet, Strip, Plate, 
Bar and Disks (B 19 ~- 49 T) 
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Spec. for Naval Brass Rods, Bars, and Shapes 


(B 21 - 49 T) 
Spec. for Brass Plate, Sheet and Strip 
(B 36 ~ 49 T) 


Spec. for Leaded Brass Plate, Sheet and Strip 
(B 121 - 49 T) 

Spec. for Copper-Nickel-Zinc and Copper-Nickel 
Alloy Plate, Sheet and Strip (B 122 - 49 T) 

Spec. for Gilding Metal Strip (B 130 - 49 T) 

Spec. for Phosphor Bronze Rods, Bars, and 
Shapes (B 139 - 49 T) 

Spec. for Copper-Zinc-Alloy Rods and Bars 
(B 151 - 49 T) 

Spec. for Copper Sheet, Strip, and Plate (B 
152 - 49 T) 

Spec. for Aluminum Bronze Plate, Sheet and 
Strip (B 169 - 49 T) 

Spec. for Beryllium-Copper Alloy Plate, Sheet, 
and Strip (B 194 - 49 T) 

Spec. for Beryllium-Copper Alloy Strip, Special 
Grade (B 195 - 49 T) 

Spec. for Beryllium-Copper Alloy Wire (B 197 - 
49 T) 

Spec. for Copper-Nickel Zinc Alloy 
(B 206 - 49 T) 


Adopted as Standard, Revisions in: 
Water Tube 


Wire 


Spec. for Seamless 
(B 88 - 49) 

Spec. for Copper-Silicon Alloy Plate, Sheet and 
Strip for General Purposes (B 97 - 49) 

Spec. for Phosphor Bronze Plate, Sheet and 
Strip (B 103 - 49) 

Spec. for Copper and Copper-Alloy Seamless 
Condenser Tubes and Ferrule Stock (B 111 - 
49) 


Copper 


Spec. for Brass Wire (B 134 — 49) 

Spec. for Leaded Red Brass (Hardware Bronze) 
Rods, Bars, and Shapes (B 140 - 49) 

Method of Mercurous Nitrate Test for Copper 
and Copper Alloys (B 154 - 45) with a change 
in the revision of Section 1, as preprinted, 
deleting the revision of the first sentence 
“This method describes the technique for 
conducting the mercurous nitrate testing of 
commercial cast copper and wrought copper 
and copper alloy products intended for in- 
dustrial] use.” 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys: 


Report presented, in the absence of the chair- 
man, by F. L. LaQue and accepted as a report of 
progress. 


Papers: 


The Forming Characteristics .of Beryllium Cop- 


per Strip—John T. Richards and Ellsworth 
M. Smith, presented from manuscript by 
Mr. Richards. 

Spray Testing with Natural and Synthetic Sea 
Water. Part I. Corrosion Characteristics in 
the Testing of Metals—Thomas P. May, and 
A. L. Alexander, presented from manuscript 
by Mr. May. 

Spray Testing with Natural and Synthetic Sea 
Water. Part II. A Study of Organic Coatings 
—A. L. Alexander and Thomas P. May, pre- 
sented by Mr. Alexander. 

Impact Deposition of Atmospheric Sea Salts on 
a Test Plate—Alfred H. Woodcock, presented 
from manuscript by the author. 
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Committee D-2 on Petroleum Products and 
Lubricants: 


Report presented by O. L. Maag, acting 
chairman, and the following actions taken: 


Accepted as Tentative: 


Method of Test for Apparent Viscosity of 
Lubricating Grease 

Method of Test for Boiling Point Range of 
Polymerization-Grade Butadiene 

~ Method of Test for Carbonyl Content of Buta- 

diene 

Factors and Tables for Volume Correction and 
Specific Gravity Conversion of Liquefied Pe- 
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troleum Gases, with appropriate revisions of 
certain of the volume correction factors. 

Methods of Test for Phosphorus in Lubricating 
Oils, Lubricating Oil Additives, and Their 
Concentrates 

Method of Test for Analysis of 60 Octane 
Number /sooctane, Normal Heptane A.S.T.M. 
Knock-Test Reference Fuel Blends by Infra- 
red Spectrophotometry 

Method of Test for 1,3-Butadiene in C, Hydro- 
carbon Mixtures by Ultraviolet Spectro- 
photometry 

Method of Test for Acidity of Residue from 
Distillation of Gasoline and of Petroleum 
Solvents 

Method of Test for Water Tolerance of Aircraft 
Fuels 
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Accepted as Tentative, Revisions 
Spec. for Gasoline (D439-49T) 
Spec. for Diesel] Fuel Oils (D 975 - 48 T) 
Spec. for Aviation Gasolines (D 910 — 48 T) 
Method of Test for Rust-Preventing Char- 
acteristics of Steam Turbine Oil in the 
Presence of Water (D 665 - 49 T) 
Method of Test for Sulfur in Petroleum Prod- 
ucts by Lamp-Gravimetric Method (D 90 - 
Method of Test for Chlorine in Lubricating Oils 
by Bomb Method (D 808 - 49 T) 
_ Method of Chemical Analysis for Phosphorus in 
a Lubricating Oils (D 809 - 44 T) 
Method of Test for Determination of Purity 
from Freezing Points (D 1016 - 49 T) 
iM _ Method of Test for Normal Pentane and Benzene 
__- [nsolubles in Used Lubricating Oils (D 893 - 
T) 
_ Method of Test for Free and Corrosive Sulfur in 
Petroleum Products (D 130 - 48 T) 4 


Adopted as Standard: 


| 
Method of Test for Interfacial Tension of Oil 
Against Water by the Ring Method (D 971 - 


T) 

Method of Test for Oxygen Stability of Lubri- 

ss ating Greases by the Oxygen Bomb Method 

942 - 47 T) 

Method of Test for Determination of Butadiene 
Content of Polymerization-Grade Butadiene 
(D 973 - 48 T) 

Method of Test for Saponification Number of 
Petroleum Products by Potentiometric Titra- 
tion (D 939 — 47 T), as revised 


_ Adopted as Standard, Revisions in: 


_ Method of Test for Thermal Value of Fuel Oil 
- 39) 
_ Method of Test for Sulfur in Petroleum Products 
Lubricants by the Bomb Method 
(D129 49) 
Method of Test for Existent Gum in Gasoline 
381 49) 
-_ It was announced that the committee had 
= _ withdrawn from the report as preprinted the 
; “| proposed adoption as standard of Tentative 
Method for Test for Foaming Characteristics 
of Crankcase Oils (D 892 - 45 T). 


Withdrawal of Standard: 


“F _ Method of Test for Detection of Free Sulfur and 
i Corrosive Sulfur Compounds in Gasoline 
(D 130 - 30) 


Accepted for Publication as Information: 


Proposed Test for Hydrocarbon Type Analysis 
of Diesel Fuels by Silica Gel Adsorption 


PROCEEDINGS 


Proposed Test for Bromine Number of Petro- 
leum Distillates (Color Indicator Method) 
Proposed Test for Bromine Number of Petro- 
leum Distillates (Electrometric Method) 
Proposed Test for Measurement of Refractive 
Dispersion of Hydrocarbon Liquids 

Proposed Test for Measurement of Density of 
Knock Test Standard Normal Heptane and 
Tsooctane by the Pycnometer 

Proposed Test for Pour Stability Characteristics 
of Winter Grade Motor Oils 

Proposed Test for Reduced Pressure Distillation 
of Petroleum Products 

Proposed Definition and Specifications for Trac- 
tor Fuels® 


Committee D-4 on Road and Paving 
Materials: 


Report presented by F. H. Baumann, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Method of Test for Bitumen Content of Paving 
Mixtures by Centrifuge, with a new heading 
for Section 5 and the procedure for mixtures 
with tar binders, now Section 6, becoming a 
note. 


Adopied as Standard, Revision in: 
Spec. for Asphalt Plank (D 517 - 40) a 


Committee D-4 recommended the seit 
as standard of the Tentative Method of Test for 
Moisture-Density Relations of Soils (D 698 - 
42 T), subject to concurrence of Committee D-18 
on Soils since this method is under joint juris- 
diction of both committees. Committee D-18, 
however, recommended that Method D 698 be 
continued as tentative. 


Committee D-3 on Gaseous Fuels: ee 


Report presented, in the absence of the 
chairman, by R. E. Hess, Assistant Executive 
Secretary. 


Committee D-15 on Engine Antifreezes: 


Report presented by H. R. Wolf, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Spec. for Hydrometer-Thermometer Field Tester 
for Engine Antifreezes 

Method of Test for Reserve Alkalinity of Con- 
centrated Engine Antifreezes 

Method of Test for Specific Gravity of Concen- 
trated Engine Antifreezes by the Hydrometer 

Method of Test for Water in Concentrated 
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Engine Antifreezes by the Iodine Reagent 
Method 

Method of Test for Boiling Point of Engine 
Antifreezes 

Method of Test for Ash Content of Concentrated 
Engine Antifreezes 


Paper: 


The Determination of Freezing Point of Engine 
Antifreezes (A Report on the Activities of 
Subcommittee I of Committee D-15)—R. E. 
Mallonee and F. L. Howard, presented from 
manuscript by Mr. Mallonee.'* 


Committee D-11 on Rubber and Rubber- 
Like Materials: 


Report presented by Simon Collier, chairman, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Insulated Wire and Cable: Class AO, 
30 per cent Hevea Rubber Compound (D 27 - 
46 T), changing the revision of Section 6 
to read: “Change the value of “1 per un- 
der” to “1 per cent under for solid conduc- 
tors and 2 per cent under for stranded 
conductors” in the permissible variations 
specified in this section.” 

Methods of Testing Rubber Hose (D 380 - 49 T) 

Methods of Testing Rubber Insulated Wire and 
Cable (D 470 - 49 T) 


16 Published in ASTM Butuettn, No. 172, February, 
1951, p. 43 (TP57). 
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Methods of Testing Hard Rubber Products 

(D 530 - 49 T) 

Spec. for Insulated Wire and Cable: Polyvinyl 
Insulating Compound (D 734 - 43 T), chang- 
ing the revision of Section 6 to read: “Change 
the value of “1 per under’ to “1 per cent under 
for solid conductors and 2 per cent under for 
stranded conductors’’ in the permissible vari- 
ations specified in this section.”’ 

Spec. for Insulated Wire and Cable: Heat-Re- 
sisting Synthetic Rubber Compound (D 754 - 
46a T) 

Spec. for Insulated Wire and Cable: Performance 
Synthetic Rubber Compound (D 755 - 46a T) 

Method of Heat Aging of Vulcanized Natural or 
Synthetic Rubber by Test Tube Method 
(D 865 - 48 T) 

Methods of Chemical Analysis of Rubber Prod- 
ucts (D 297 - 43 T) 

Methods of Sample Preparation for Physical 
Testing of Rubber Products (D 15 - 41) 

Methods of Testing Flat Rubber Belting 
(D 378 — 41) 


Adopted as Standard, Revisions in: 


Spec. for Insulated Wire and Cable: Performance 
Rubber Compound (D 353 - 48) 

Spec. for Insulated Wire and Cable: Heat-Re 
sisting Rubber Compound (D 469 —- 46) 

Method of Air Pressure Heat Test of Vulcanized 
Rubber (D 454 — 48) 

Method of Test for Accelerated Aging of Vul- 
canized Rubber by the Oxygen-Pressure 
Method (D 572 - 48) 

Method of Testing Compressed Asbestos Sheet 
Packing (D 733 - 49) 
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vails in the A.S.T.M. that the Presiding 
Officer at each Annual Meeting shall 
deliver an address. What is said by 
me today is in compliance with that 
custom and will be pretty much in the 
form of an informal talk. 

Last year President Templin ably 
forecast our work for the near future, 
and in the two preceding years Presi- 
dents Boyd and Carpenter, from some- 
what different approaches, touched 
upon the progress in the first 50 years 
of the Society’s history. It remains 
for me, therefore, only to comment to 
you on current activities in general. 

Our Society was planned and founded 
by men of vision, rugged honesty, 
great ability, and fairmindedness. 
Their experience was broad and their 
judgment sound. The A.S.T.M. has 
faithfully maintained the ideals of its 
founders throughout the years, and 
today is outstanding and unique in its 
field. 

In forming our committees, great 
care is exercised in the selection of 
members so that all interests will be 
represented in the personnel composing 
the committee. Long experience has 
demonstrated that it is impossible for a 
standard to win general recognition 
when its committee is not wholly repre- 
sentative of the industries involved. 

In A.S.T.M. committees, the freest 
possible expression of the views of all 
members—each of whom has an equal 
voice in the work brought formally 
to the Society for group consideration 
and adoption—is the practice. This 
method of conducting our business 


1 Metallurgical Engineer, The Steel Company 
of Canada, Ltd., Hamilton, Ontario, Canada. 
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gives each consumer, producer, 
dependent engineer a fair chance to 
speak and be heard and to present to © 
the respective committees all angles 
and phases of the problems under 
consideration. 

Much thought is given by each com- 
mittee in the preparation of its stand- 
ards. This provides full assurance 
to the public that the materials pur- 
chased and inspected in accordance 
with the recommendations of this 
Society will result in furnishing the 
best that can be produced at the lowest 
possible cost, and at the same time 
afford all safety necessary to the public 
welfare. 

Revisions in our many specifications 
are made from time to time as increased — 
scientific 
dictates. Our Society is 
much assistance to, and is in close rela- 
tionship with, various interests using 
and producing materials in accordance 
with our specifications. From a meager 
beginning of $54 in 1902, our sale of 
publications has risen to an estimated 
$300,000 in 1950. This indicates the 
steady growth in the demand for and 
the usefulness of our standards. The 
sum mentioned represents slightly more 
than one half of our total income. 

The soundness and competence of 
our Society’s specifications have created 
an international as well as a national 
reputation. No engineering society 
stands higher, and none commands 
greater respect. The influence of its 
work is far reaching because its activi- 
ties are closely attuned to the needs of 
those whom it serves—whether they be 
in engineering, in industry, or in govern- 
ment. 


— 


The great diversity of the Society’s 
work—cutting across every major ma- 
terials field—makes it almost impractical 
to even briefly cover it. Only the high- 
lights of major A.S.T.M. accomplish- 
ments will be referred to, and we shall 
not attempt to forecast particular 
trends except to mention, in passing, 
the vast field which will be ours as 
science unfolds the applications and 
uses of isotopes, and on which com- 
mittee work is now being undertaken. 
It might be well to mention also the 
closer relationship and cooperation 
that now exists with the Armed Serv- 
ices at Washington. 

Many of the Society’s technical com- 
mittees have made major strides in 
various phases of their work. The 
organization of new technical com- 
mittees has continued. More con- 
sideration, time, and effort than is 
generally realized is devoted to the 
formation of new technical groups. In 
organizing these new groups it must 
first be established that both producer 
and consumer will give good support 
to the project, if A.S.T.M. undertakes 
it. Then the logical technical division 
into which the product falls for develop- 
ment must be decided. These un- 
published problems require fairminded 
judgment and considération. 

Our technical groups in their general 
order are Ferrous Metals; Non-Ferrous 
Metals; Cement, Ceramic and Related 
Materials; Miscellaneous Materials, 
including Paints, Textiles, Petroleum, 
Gaseous Fuels, Electrical Insulation, 
Rubber Products, etc.; andalsothe group 
dealing with general methods of testing. 
These committees and their subcom- 
mittees are composed of many of the 
country’s leading technical men who 
have cooperated, inspired, worked 
and produced outstanding documents 
which will benefit industry and govern- 
ments, particularly on this North 
American Continent. Many worth-while 
contributions have been made by our 
committees to our knowledge of the prop- 
erties and the tests of materials and also 
in standardizing specifications. — 
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A great amount of work is carried 
on by these committees. To bring 
this clearly before you, at the last 
meeting of Committee A-1 on Steel, 
it took 23 hours for subcommittee 
chairmen to briefly abstract their re- 
ports so that Committee A-1 might be 
able to present a summary of its 1950 
work at this Annual Meeting for your 
approval. Committee A-1 has de- 
veloped specifications of wide moment 
and application. They are the so- 
called Master Specifications for Struc- 
tural Steels with their allied products. 
The influence of these specifications 
will be far-reaching and is indicative 
of the enormous amount of work and 
unselfish splendid effort of the members 
of this and other committees involved 
in the development of our specifications 
and research programs. 

I have referred to our Steel Committee 
particularly, but the same applies to 
all our committees. Without exception 
each committee, whether it be on paint, 
rubber, petroleum, plastics, timber, 
electrical insulation, or the newer 
committees on such subjects as non- 
destructive testing, quality control 
of materials, or asbestos-cement prod- 
ucts, has been doing a tremendous 
amount of work and has accomplished 
much. 

Our working committees who are 
responsible for all specifications and 
development and research work, have a 
membership, eliminating duplication, 
of more than 2600. This is over one 
third of our total membership and 
demonstrates clearly that A.S.T.M. 
is an organization of workers from whom 
much has come and from whom much 
can be expected. 

Those who have been in touch with 
the international setup realize how 
difficult is the task of international 
standardization because of different 
conditions prevailing in different coun- 
tries and on several continents, and the 
lack of a common language. The 
apparent feeling in some countries is 
that international specifications would 
militate against their export trade. 
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The situation, however, offers some 
promise, and in view of our already 
successful efforts along certain lines, 
I feel that we should continue with this 
important work. 

In October of last year, our Society 
held its first meeting on the West Coast. 
It was the opinion of those who attended 
this first Pacific Area National Meeting 
in San Francisco that it had much the 
character of an Annual Meeting. There 
were close to 1000 in attendance, along 
with 110 ladies. The Technical Ses- 
sions (15 in all) were well attended and 
the papers were excellent. The tradi- 
tions of the West were maintained with 
splendid committees, excellent leaders, 
and lots of enthusiasm. They planned 
well and worked hard in providing a 
strong technical program as well as a 
fine entertainment program. Western 
Meetings are a “must” for the future. 

The work of our Board of Directors 
and of the Administrative Committees 
is set out in detail in the Report of the 
Board of Directors. This is our “Book 
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tremendously productive year. Our 
technical activities, publications, and 
meetings are dealt with in their entirety 
for your information. Your officers 
and committees have labored faithfully 
on all fronts. This Board report in- 
dicates that their efforts have not been 
unsuccessful and splendid cooperation 
has been shown. 

In closing, I should like to express 
my deep appreciation for the splendid 
help that has been accorded me on 
every side during my tenure as Presi- 
dent. I particularly want to express 
appreciation to Mr. Warwick and the 
Headquarters’ Staff who have been 
most considerate, and who are doing 
such an excellent job. I wish to re- 
iterate that great honor has come to 
Canada ard to me in making me your 
President and permitting me to serve 
this great and influential organization. 
The strong ties already existing between 
our countries have been fortified by 
your generous gesture. My thanks to 
all of you for your exceeding great 


kindness. 
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ANNUAL REPORT OF THE BOARD OF DIRECTORS 


The Board of Directors presents to the 
members this annual report of its stew- 
ardship of the Society’s affairs in an his- 
toric year, 1950,—the midway point of 
the twentieth century. The year also 
happens to come midway between two 
important anniversaries of the Society— 
that in 1948 marking the fiftieth anni- 
versary of the beginnings of the Society 
in the American Section of the Inter- 
national Association for Testing Mate- 
rials, and that in 1952 which will mark 
the fiftieth anniversary of the incorpora- 
tion of our Society—its real beginning as 
the organization known throughout the 
world today by its initials, A.S.T.M. 

It seems appropriate, then, to pause 
briefly for a glance back over these fifty 
years: years that have seen almost fabu- 
lous advances in scientific knowledge and 
its applications to industry and down 
into the daily lives of each of us through 
engineering technology; the discovery of 
new materials of such quality and diver- 
sity of properties undreamed of at the 
beginning of the century; and the devel- 
opment of precise instrumentation and 
methods of measurement of the proper- 
ties of these materials that have become 
the indispensable tools of the materials 
engineer in evaluating materials for the 
myriad applications throughout the com- 
plex civilization of the world today. 
These years also have seen two cata- 
clysmic wars, the second of which shook 
that complex civilization to its very foun- 
dations and left social, economic and 
technologic problems, the solutions of 
which are the most important things that 
we face today. 

In those fifty years the Society has pro- 
gressed from small beginnings to a posi- 
tion, we are proud to say, of recognized 


authority in its field. It has fulfilled the 
need for a place in which those concerned 
with the properties and testing of mate- 
rials may foregather for presentation and 
critical discussion of the results of their 
researches, and for arriving at agreement 
on the provisions to be embodied in 
standard methods of test and specifica- 
tions for materials; it has produced 
standards, for testing and specification 
of a wide variety of materials, that are 
indispensable to industry and have 
proved their value to the Government, 
especially in times of national emergency; 
and, most important of all, through the 
enthusiasm and hard work of its members 
based upon sound and equitable princi- 
ples of cooperation, it has developed into 
an organization ready and capable of 
assuming the responsibilities that lie 
ahead in the next fifty years. The full 
story of A.S.T.M. in the past half century 
is perhaps best left for the 1952 semi- 
centennial anniversary previously men- 
tioned, but a few observations may be 
appropriate for this report. 

“Small beginnings” have been men- 
tioned, and they were indeed small. Fifty 
years ago, when we were still the Ameri- 
can Section of IATM, there were only 
160 members; one committee had been 
formed (on steel) and there were 10 steel 
specifications. Today there are nearly 
6800 members; 71 technical committees, 
with their hundreds of subcommittees, 
are at work with an aggregate member- 
ship of about 5500—and this does not 
include many joint and sectional com- 
mittees; and as of the close of this annual 
meeting it is estimated that there will be 
1650 standards. Growth has been unspec- 
tacular but steady, with the influence of 
the wars clearly seen in marked stimula- 
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tion of work in both research and stand- 
ardization in the post-war periods. Thus, 
in the 1920-30 decade, standards (which 
are an excellent measure of activity and 
accomplishment) increased 160 per cent 
from 225 to 582; in the 1940-50 decade, 
86 per cent from 885 to 1650. These two 
decades were also periods of steady mem- 
bership growth: 1600 in the 1920-30 
decade and 2400 in the 1940-50 decade. 
While the depression of the early 30’s 
adversely affected membership, so that 
there was almost no net growth in the 
1930-40 decade, it by no means stopped 
the growth of our work, standards in- 
creasing 52 per cent from 582 to 885 in 
that period. Other statistics could be 
quoted ‘‘by the yard,” showing growth of 
technical papers, Proceedings, special 
publications, ASTM BULLETIN, and the 
like, and the development of a sound 
financial foundation for the Society’s 
work. In the end it would do no more 
than confirm what the Board believes our 
members clearly understand, that A.S. 
T.M. is a hard-working organization that 
is accomplishing the purposes for which 
it is organized, is alive to the needs of 
industry and the technologic professions 
for “promotion of knowledge of the mate- 
rials of engineering, and the standardiza- 
tion of specifications and the methods of 
testing,” and is prepared to expand its 


work within the proper scope of its . 


Charter to grow with the new technologic 
and industrial developments that have 
crowded upon the scene since the recent 
war. 

An examination of the history of com- 
mittee expansion in the five post-war 
years now ending will illustrate the state- 
ment just made. At the beginning of that 
period there were 57 technical commit- 
tees; in these five years, 14 new commit- 
tees have been organized, bringing the 
total to 71—an expansion of about 25 per 
cent. This expansion in a five-year period 
As larger the in 


any previous fen-year period, excepting 
the first decade of the century when the 
new Society was taking hold of its work 
and 27 committees were formed. Not all 
of these new committees represent en- 
tirely new work in the Society—in several 
instances the new committees have taken 
over lines of activity that were being car- 
ried out to some extent in existing com- 
mittees, such as fatigue, quality control 
of materials, and appearance standards. 
For the most part, however, this expan- 
sion does represent extension of Society 
work into fields hitherto not covered, 
including engine antifreezes, asbestos 
cement products, magnesium oxychloride 
and oxysulfate cements, chemical-resist- 
ant mortars, structural sandwich con- 
structions, acoustical materials, ceramic 
whitewares, porcelain enamel, wax pol- 
ishes, absorption spectroscopy, and 
methods of testing building construc- 
tions. Further evidence of the prepared- 
ness of the Society to deal with problems 
in new fields is seen in the consideration, 
mentioned in the next section, that is 
being given to new subjects proposed for 
study, and in the decision to organize new 
committees on radioactive isotopes and 
methods of sampling and analysis for 
atmospheric pollution. The Board fully 
recognizes that we are living in a dynamic 
age with great technologic progress tak- 
ing place and that the Society must be 
prepared to move and grow with it. 
Merely citing the number of new com- 
mittees and the subjects undertaken tells 
only part of the story of expansion in 
recent years, for considerable expansion 
has taken place within the framework of 
existing committees. This is particularly 
true of a number of the larger committees 
who have undertaken new projects since 
the war. No attempt is made to list many 
items that might be mentioned in this 
category—they are revealed currently in 
the reports of the technical committees. 


It is significant that the 25 per cent — 
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expansion in technical committees during 
the post-war period has been accom- 
panied by a 20 per cent growth in Society 
membership, a 75 per cent increase in 
assets and nearly 100 per cent increase in 
surplus,—although with these latter 
figures it must be remembered that we 
are dealing with inflated dollars of dis- 
tinctly less purchasing power than the 
war-time dollar, let alone the pre-war 
dollar. There is continued evidence that 
expansion of technical activities in due 
time brings its financial support through 
added income from membership and pub- 
lications, as it has been doing for many 
years. Nevertheless, the matter of assur- 
ance of adequate financial support for 
new activities is receiving the attention 
of the Board of Directors. 
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The report records briefly the principal 
happenings and developments of the So- 
ciety year, including actions by the 
Board on matters of policy and adminis- 
tration. The growth of technical activi- 
ties has been stressed and reference made 
to district and national meetings. The 
significance and importance of the So- 
ciety’s first national meeting on the Pa- 
cific Coast last October is mentioned. 
Publications, membership, finances, and 
cosperative activities are covered. At 
best, the report is but an outline of prog- 
ress during the year; the full picture 
appears with the wealth of data, tests, 
and specifications for this annual meeting 
and in the publications issued during the 
year and others in process. 


Technical Activities 


The annual meeting brings to a close 
one of the most active years in the tech- 
nical work of the Society, as will be evi- 
dent from the committee reports sched- 
uled for the meeting and the record of 
action on tentatives during the year by 
the Administrative Committee on Stand- 
ards. This committee is responsible for 
following the standardization activities 
of the Society and its annual report to the 
Board (see Appendix II) covers some 
interesting matters. An important func- 
tion of the committee is to study desir- 
able expansion of our standardization 
activities and important developments in 
this direction have stemmed from the 
committee’s recommendations, as noted 
later. 

The report of this administrative com- 
mittee also notes an important step for- 
ward in its efforts for the past few years 
to improve the quality of A.S.T.M. 
standards from both editorial and tech- 
nical points of view, namely, the decision 
of Committee E-1 on Methods of Testing 
to prepare a compilation of information 
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useful to all committee members engaged 
in the writing of A.S.T.M. methods of 
test, designed to insure more adequate 
treatment in those methods of such im- 
portant features as editorial form,concise 
description of procedures, accuracy of the 
methods, reproducibility of results, and 
the like. (Several of the larger technical 
committees have prepared such informa- 
tion for their own guidance.) Care will of 
course be taken not to write such “iron- 
clad” rules as would deprive committees 
of the exercise of judgment and discretion 
in the writing of methods, especially 
those of a pioneering nature. It is thought 
the compilation might take the form of a 
Manual on the Preparation of A.S.T.M. 
Methods of Test for distribution to com- 
mittee officers, and subcommittee and 
group leaders engaged in this work. 

The results of researches carried on by 
the committees are also revealed in the 
current reports. Too much emphasis can- 
not be placed upon the importance of 
research by our committees, for it is upon 
the accurate knowledge of properties of 
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materials and methods of determining 
such properties revealed by research that 
the quality of the technical content of 
A.S.T.M. standards, mentioned in the 
preceding paragraph, must finally rest. 
The Administrative Committee on Re- 
search, whose annual report to the Board 
appears as Appendix III, keeps in touch 
with these research activities and lends 
advice and assistance where desired. The 
report refers to several large-scale re- 
search activities under way or contem- 
plated, such as the research fellowship on 
X-Ray Diffraction Data at the National 
Bureau of Standards, the exposure test 
site program of the Advisory Committee 
on Corrosion, and the plans for full-size 
testing of wood poles being developed by 
Committee D-7 on Wood. Funds for each 
of these projects are being raised by the 
respective committees. 

The Administrative Committee on Re- 
search is continuing the work begun last 
year of compiling formal statements fur- 
nished by the technical committees of 
unsolved problems in the various tech- 
nical fields in which A.S.T.M. is at work, 
for possible publication as an initial list- 
ing of research problems for the use of 
schools, research foundations, and in- 
dustry. 

The brief appended reports of the Ad- 
ministrative Committee on Ultimate 
Consumer Goods (Appendix V) and Ad- 
ministrative Committee on Simulated 
Service Testing (Appendix VI) indicate 
that the committees have in a sense 
“marked time” for a year in their ad- 
ministrative functions, while considering 
some of the matters upon which they 
may become engaged in the future. 


New Activities: 


A new technical Committee C-22 on 
Porcelain Enamel was organized at So- 
ciety headquarters on June 17, 1949, with 
the following scope: 


ANNUAL REPORT OF BOARD OF DIRECTORS 


The stimulation of research and the formu- 
lation of definitions, methods of test and speci- 
fications pertaining to porcelain enamels, ceramic 
and ceramic-metal coatings for metals. 


W. N. Harrison has been elected chair- 
man and G. H. Spencer-Strong secretary. 
The Board’s decision to appoint this com- 
mittee was announced in the report a 
year ago after conferences with repre- 
sentatives of producers and users of 
enamels and in consultation with the 
American Ceramic Society. 

A new technical Committee C-3 on 
Chemical-Resistant Mortars was organ- 
ized at Society headquarters on October 
19, 1949, to take over, on the recommen- 
dation of Committee C-12 on Mortars 
for Unit Masonry, the work of its sub- 
committee on acid-resistant mortars 
which had grown to such an extent that 
it was no longer considered feasible to 
retain the work within the scope of Com- 
mittee C-12. The following scope was 
adopted: 


Formulation of methods of testing, specifica- 
tions and definitions, and the stimulation of 
research relating to chemical-resistant mortars. 


The work involves a considerable group 
of test methods and specifications in four 
main categories, namely, silicate, sulfur, 
resin, and hydraulic mortars. The follow- 
ing officers have been elected: F. O. 
Anderegg, chairman, C. R. Payne, vice- 
chairman, and B. Thomas, secretary. 
The Board reported a year ago that 
it had authorized the formation of a 
separate technical committee on absorp- 
tion spectroscopy in view of the decision 
that hereafter the work of Committee 
E-2 would be confined to the field of 
emission spectroscopy. The new com- 
mittee under the designation Committee 
E-13 on Absorption Spectroscopy was 
organized at a meeting in Pittsburgh on 
February 15, 1950, under the chair- 


manship of W. R. Brode. A steering 
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committee appointed at that meeting 
has under consideration such matters 
as selection of vice-chairman and secre- 
tary, determination of scope, comple- 
tion of personnel, and organization of 
subcommittees. 

During the year the Administrative 
Committee on Standards recommended 
to the Board that consideration be given 
to undertaking work in the Society on 
floor waxes. Conferences with a number 
of informed people clearly showed that 
there is much interest in this subject 
and that useful work can be done by the 
Society in the development of methods 
and specifications as well as in stimula- 
tion of research. It seemed desirable, 
however, to cover the broader field of 
wax polishes and related materials even 
though work initially might be centered 
on floor waxes. Accordingly there was 
organized at Society headquarters on 
April 14, 1950, a new technical Commit- 
tee D-21 on Floor Waxes and Related 
Materials with the following scope: 

The stimulation of research, and the formu- 
lation of test methods, definitions of terms and 
specifications of wax polishes and related mate- 


rials, including the materials entering into their 
manufacture. 


The personnel initially has been limited 
principally to those interested in floor 
waxes and will be suitably expanded 
when work is undertaken on other waxes 
and raw materials. Temporary officers 
were elected as follows: J. I. Hoffman, 
chairman, J. Vernon Steinle, vice-chair- 
man, and B. S. Johnson, secretary. 
The Marburg Lecture in 1948 by Dr. 
Paul C. Aebersold of the Atomic Energy 
Commission at Oak Ridge on the sub- 
ject “Isotopes and Their Application in 
the Field of Industrial Materials” 
aroused considerable interest in the ap- 
plication of such materials to a variety 
of techniques of testing. As a result of 
this interest a conference on the subject 
was held in Pittsburgh on March 1, 1950, 
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under the leadership of Dr. George 
Manov of the Atomic Energy Commis- 
sion, in which representatives of the 
committees of the Society pirticipated, 
and at which a number of actual uses q 
now being made of radioactive isotopes 
in the fields of testing covered by the 
Society were cited. The conference rec- — 
ommended to the Board that the So. 
ciety recognize the importance of this 
field by appointing a new technical com- — 
mittee to work in it. The Board concurred 
and has authorized the President and _ 
Executive Secretary to bring about the | 
organization of such a Technical Com- © 
mittee on Radioactive Isotopes. ; 
In recent years there has been marked _ 
stimulation in the study by many indus- 
tries and by various governmental regu- — 
latory bodies of problems growing out — 
of pollution of the atmosphere. A most. 
informative discussion of the subject 
was presented to the Society at a meet- 
ing at Franklin Institute on March 8, 
1950, under the sponsorship of the Phila- 
delphia District. Consideration of the | 
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subject in the Executive Committee of | 
the Board led to the thought that those 

who have responsibility for the regula- 

tion of such pollution would be greatly 
helped if there were available to them 
recognized standard methods of sampling | 

and analysis applicable to the various 
types of atmospheric pollution. Discus- 
sions of this idea with various authori- 
ties have confirmed the thought that the 
Society can render a valued service to 

all concerned if it will engage in the 
formulation of authoritative methods of | 
sampling and determination of kind ond 
amount of polluting constituents. Ac- 
cordingly the Board of Directors has 
authorized the formation of a new Tech- 

nical Committee on Sampling and Analy- 

sis for Atmospheric Pollution and has 
authorized the President and Executive 


Secretary to proceed with its organiza- 


tion. In so doing it was expressly stated 


that the Society would limit its work to 
; a formulation o: methods of sampling 
and analysis and would not concern it- 
self with the problems of specifying 
limits of pollution nor with other mat- 
ters concerning biological and health 
problems. 
_ The subject of examination of metallic 
_ substances by electron microscopic meth- 
ods lies within the scope of Committee 
 E-4 on Metallography. Some months 
ago the Society was approached by a 
group of electron microscopists who had 
formed a Joint Committee on Electron 
_ Microstructure of Steel with the propo- 
sal that this group, which had thus far 
_ been unaffiliated with any organization, 
would like to consider affiliation with 
ASTM, The joint committee repre- 
sented ten or so industrial companies 
and research foundations, most of whom 
were members of the Society, and the 
personnel consisted of an electron micros- 
copist and a metallurgist from each 
organization. The matter was taken up 
with Committee E-4 and as the outcome 
of a conference between the officers of 
the two groups it was agreed that the 
joint committee would as a body become 
Subcommittee XI of Committee E-4 on 
Electron Microstructure of Steel and 
function thereafter under E-4 auspices. 
The results of studies of this group over 
a period of two years are embodied in 
an extensive progress report accompany- 
ing the 1950 annual report of Commit- 
tee E-4. 
The Board of Directors has under 
consideration suggestions for work in 
other fields which have been made by 
various members of the Society. One of 
these is smooth surface organic floor 
coverngs, such as linoleum, asphalt 
tile, rubber tile, etc.; one very infor- 
mative conference on this subject has 
been held. A second is the subject of 
cellulose and cellulose products, which 
is such a broad field touching on many 
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existing activities of the Society that 
the Board is consulting with interested 
technical committees in the considera- 
tion of this proposal. A specific sugges- 
tion from a member of the Society that 
work be done in the standardization of 
methods of test of sodium carboxy- 
methylcellulose (CMC) is being con- 
sidered in conjunction with the broader 
proposal. A third subject is that of tita- 
nium metal and alloys thereof, concern- 
cerning which there have been recent 
extensive researches and suggested indus- 
trial applications. The possibility that 
any work the Society does in this field 
might preferably be initiated in one of 
the appropriate metals committees is 
being considered. 


Committee Scopes and Jurisdictions: 


Scopes of several of the committees 
of the Society have been passed upon by 
the Board and the approved scopes are 
given here as a matter of official record: 

Committee C-2 on Magnesium Oxy- 
chloride Cements (revised by addition of 
italicized words): 


The stimulation of research and the formu- 
lation of specifications, methods of testing, and 
definitions relating to magnesium oxychloride 
and oxysulfate cements. 


In view of this addition to the scope, 
the title of Committee C-2 will now be 
recorded as Committee C-2 on Magne- 
sium Oxychloride and Oxysulfate Ce- 
ments, although the committee is giving 
consideration to the possibility of a more 
abbreviated title. 

Committee C-20 on Acoustical Mate- 
rials (new): 

Study of the properties of those materials 
used to absorb air-borne sound, including the 
stimulation of research and the development of 


methods of tests, specifications and definitions 
of terms. 


Committee C- a on Ceramic White- 
wares (new): 
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The stimulation of research and the formu- 
lation of definitions, methods of tests and speci- 
fications pertaining to ceramic whitewares. 


Agreement has been reached between 
Committees D-1 on Paint, Varnish, Lac- 
quer and Related Products and D-20 on 
Plastics regarding cooperation in the 
field of plasticizers and resins, and cross 
representation between the two commit- 
tees has been completed. The interest of 
Committee D-2 on Petroleum Products 
and Lubricants in the field of plasticizers 
is being examined. 

Conferences between Committees D-9 
on Electrical Insulating Materials, D-11 
on Rubber and Rubber-like Materials, 
and D-20 on Plastics have been held re- 
garding their common interest in speci- 
fications and tests for vinyl plastic ma- 
terials. Through cross representation now 
existing in the personnel of these three 
committees it is believed that the com 
mittees can cooperate effectively in the 
preparation of standards for these ma- 
terials. 

The product known as vulcanized fiber 
has proved to be of interest to three com- 
mittees in the Society, namely, D-6 on 
Paper and Paper Products, D-9 on Elec- 
trical Insulating Materials and D-20 on 
Plastics. Conferences between these com- 


As noted in the Report of the Adminis- 
trative Committee on District Activities 
which is appended (Appendix VII), the 
various A.S.T.M. Districts functioned 
effectively under the current Charter and 
Manual, and no major administrative 
matters arose during the year. The 
annual election of councilors whose terms 
expire this year is under way, and the 
biennial election of officers in each of the 
Districts (Chairman, Vice-Chairman, 
and Secretary) is being conducted in 
line with the regulations which provide 


District and Related Activities a 


mittees and with members of the staff 
have been held with the result that the 
question of jurisdiction of standards 
dealing with this product has been de- 
termined along the following lines: 


1. Committee D-6 is interested in sheet ma- _ 
terial under 0.030 in. in thickness. It will con- 
tinue to prepare methods of test applying to ~ 
paper as such but which might be applicable to 
thin sheet vulcanized fiber material, and it — 
would be expected that these methods would be | 
made use of by other committees such as Com- 
mittee D-9 whenever appropriate. 

2. Committee D-20 will prepare general 
methods of testing and specifications applicable 
to plastics which normally will include vul- — 
canized fiber. Committee D-9, however, will 
have jurisdiction over any methods of test for 


Committee D-20 for specifications which in- 
clude electrical properties. In other words, 
Committees D-9 and D-20 would have joint 
jurisdiction over specifications covering vul- 
canized fiber for creme uses and would coop- 


with respect to a of standards of interest 
to both committees. 

3. Reference to vulcanized fiber should be 
removed from methods under the jurisdiction of _ 
Committee D-6; at the moment this relates only 
to the Methods of Test for Ply Adhesion of | 
Paper or Vulcanized Fiber (D 825-48). The 
Method of Test for Bond Strength of Plastics 
and Electrical Insulating Materials (D 952 — 48 
T), prepared by Committee D-20, should be 
recognized as the method applying to ply adhe- 
sion of vulcanized fiber, 

ile 


for the appointment of a Nominating 
Committee in the District, and then a 
letter ballot of the respective District 
memberships. The July ASTM BuLLeTIn. 
will carry a complete list of new officers 
and new or reelected councilors. 

During the year the Ohio Valley 
District, centered in the Ohio, Indiana, 
Kentucky areas, was formally organized 
and has already planned a program of 
meetings. The thirteen Districts now 
organized blanket the northcentral and 
northern and eastern United States, and 
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California, and include at least 80 per 
cent of the members in the United States 
and Canada. 

As noted in the Administrative Com- 
mittee Report, several Districts have 
aided with national meetings. The North- 
ern and Southern California District 
Councils were a nucleus for the General 
Committee on Arrangements for the 
Pacific Area National Meeting; the 
Philadelphia District was the Host 
Group for the 1949 Annual Meeting and 
is repeating for 1950; and the Pittsburgh 
District arranged a reception for Presi- 
dent Morrow during Committee Week in 
March, 1950. The Society greatly 
appreciates the splendid cooperation of 
the Districts in connection with national 
meetings. 


District Meetings: ae 


The accompanying table lists all of the 
A.S.T.M. National and District Meet- 
ings during the year, with notes on the 
features of various District meetings. 
Many of these meetings were sponsored 
jointly with local sections of other 
organizations, and it is expected this 
will continue to be the case because of 
its advantages. 

A number of the District-sponsored 
meetings had very interesting programs 
and excellent attendance. A list of these 
would include the one in Detroit with its 
several papers on Applying Man-Made 
Isotopes in Industry; the New York 
meeting on Isotopes in Industry; the 
Philadelphia meeting jointly with the 
Franklin Institute, on Research for 
Management with several papers at 
afternoon and evening sessions and a 
dinner between sessions. The attendance 
was excellent at two other Philadelphia 
District gatherings: one on Stress Analy- 
sis, which was under the joint auspices of 
the Philadelphia District and the local 
section of the Society for Experimental 
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Stress Analysis, during the January 
meetings of Committee A-1 on Steel; and 
the other, a discussion of Atmospheric 
Pollution, a most interesting and timely 
subject. 

The Western New York-Ontario Dis- 
trict was pleased to cooperate with the 
Niagara Peninsula Branch of the Engi- 
neering Institute of Canada for its meet- 
ing on April 21, in St. Catharines, 
Ontario, and to have as its guest from 
his “Home District,” President J. G. 
Morrow of Hamilton, Ont. 

Despite a heavy schedule due to the 
demands of his business and also his 
responsibilities as Chairman of the 
Canadian Standards Association, Presi- 
dent Morrow was able to attend a num- 
ber of District meetings, and spoke 


_ briefly at each. The Executive Secretary 


or one of his staff associates attended 
nearly all these meetings, usually speak- 
ing briefly about some phase of. the 
Society’s work. 


Contacts with Members in West and 
Southwest: 


In October while the Pacific Area 
Meeting was in progress, a number of 
officers of the Society and staff members 
were able to meet for the first time many 
members who do not find it possible, as a 
general rule, to attend Eastern or Mid- 
western Society meetings. In March, to 
follow through some of these contacts, 
and also to get our members together in 
certain other areas, the Assistant Secre- 
tary made an extensive Western trip. 
Dinner meetings were held in the Twin 
Cities (Minneapolis-St. Paul), in Port- 
land, and in San Francisco and Los 
Angeles with the Northern and Southern 
California Districts. Informal conferences 
were held with members in Seattle, and 
in Dallas, Houston, and New Orleans 
and short luncheon sessions took place. 
These informal affairs were the first 
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opportunity (other than in California) 
that our members in these areas have had 
to get together, and in each instance the 
groups expressed the hope that periodi- 
cally some officer of the Society or staff 
member can meet with them and dis- 
cuss pertinent A.S.T.M. activities which 
may be of particular concern to the 
respective areas. 

It is apparent that the tremendous 


National Meetings 


The 1949 Annual Meeting, the Soci- 
ety’s Fifty-Second, held in Atlantic 
City, was marked by a very diversified 
technical program and upwards of 450 
meetings of technical committees, the 
largest number ever held at a national 
meeting of the Society. The attendance 
of 1857, the second highest, indicates 
the intensive interest in the features of 
the meeting. In order to provide an 
appropriate opportunity for the presenta- 
tion of the President’s Annual Address, 
introduction of new officers, and recogni- 
tion of long-time members, there was 
held for the first time a luncheon session. 
This worked out so well that at this 1950 
meeting, with more events of this kind, 
including Honorary Memberships and 
the first Awards of Merit, two luncheon 
sessions have been scheduled. 

A very interesting entertainment pro- 
gram for the ladies was provided by the 
Philadelphia District, hosts for the 
meeting, who also sponsored an excellent 
dinner and entertainment. 

From February 27 to March 3, 1950, 
there was held the annual Committee 
Week in Pittsburgh at which nearly 1000 
members and visitors were registered to 
attend about 250 committee and sub- 
committee meetings. No technical ses- 
sion to constitute a Spring Meeting was 
arranged. 
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growth of industry in many sections 
west of the Mississippi has not been fully 
reflected in growth of the Society 
membership, although there is a steady 
acquisition of new members from these 
sections. With the cooperation and 
influence of groups of our people in the 
various sections, interest and participa- 
tion in the work of the Society can and 
should be more actively stimulated. 


Pacific Area National Meeting: 


From October 10 to 14, 1949, the First 
Pacific Area National Meeting was held 
in San Francisco, with headquarters at 
the Fairmont and Mark Hopkins Hotels. 
There were 69 technical papers presented 
in fifteen sessions, and approximately 65 
meetings of technical committees were 
held. Several well-attended industry 
luncheons were held, and there were 
various organized trips including an all- 
day trip to the University of California. 
The meeting was also marked by a very 
interesting entertainment program. The 


registered attendance was about 700 men © 


and 110 ladies, but it is estimated that 
more than 1000 men were at the meeting 
sometime during the week, at technical 
sessions, and committee meetings. 

The meeting was an excellent one in 
every respect. Many of the technical 
contributions, including symposiums as 
well as individual papers, are being pub- 
lished, and announcements appear in 
the A.S.T.M. BULLETIN on the availabil- 
ity of the papers. Not only did the meet- 
ing provide an opportunity for many of 
our eastern members (more than 25 per 
cent of the attendance was from east of 
the Mississippi) and officers to meet with 
members and visitors from the eleven 
Pacific Area states, which was a most 
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MEETINGS, JUNE 1949-MAY 1950, INCLUSIVE. 
Meeting Place and Date Notes 


Atlantic City, N i. 
Hotel Chalfonte-Haddon Hall 
June 27-July 1, 1949 


22 Technical Sessions; Sica Informal Round Table Dis- 
cussions, and Groups of Papers 

450 Committee Meetings 

(Registered Attendance 1857—335 Ladies) 


Pacific Area Na- 
tional Meeting 


San Francisco, Calif. 
Fairmont Hotel 
October 10-14, 1949 


15 Technical Sessions® 

65 Committee Meetings 

(Registered Attendance about 700—total attendance at meet- 
ing over 1000, including 113 ladies.) 


New York Meet- 
ing 


New York City, N. Y. 
Biltmore Hotel 
December 28, 1949 


Joint Meeting with American Statistical Assn. during the 
latters’ Annual Meeting 

2 Technical Papers on Statistical Design of Enigneering 
Tests by Grant Wernimont, and W. J. Youden.® 


A.S.T.M. Commit- 
tee Week 


District or Local 


(sponsored b 
indi. 


Pittsburgh, Pa. 

Hotel William Penn 

February 27-March 3, 1950 
iladelphia, Pa. 

Franklin Institute 

October 12, 1949 


260 Committee Meetings 

(About 1000 in Attendance) 

President’s Reception 

Jointly with Philadelphia Section A.S.Q.C 

Quality Control in Materials Procurement, by Robert Burns. 


Boston, Mass. 

(New England) 
Northeastern University 
October 24, 1949 


Solar Heating: The Architectural Aspects, by L. B. Ander- 
son; The Engineering Considerations, by A. G. H. Dietz 


Detroit, Mich. 
Rackham Memorial Bldg. 
October 27, 1949 


Applying Man-Made Isotopes in Industry: Significant and 

istorical Backgrounds on Isotopes, by T. M. Switz; 
Tracer Elements in the Inorganic Field, by Harrison 
Brown; Tracer Elements in the Organic Field, by Weldon 
G. Brown; Cautions and Precautions in the Use of Radio- 
active Isotopes, by Wendell C. Peacock. 


New York, N. Y 
Engineering Societies Bldg. 
October 28, 194! 


with New Section A.S.M.E. 
sotopes in Industry, by John R. Dunning; Future of Nuclear 
Power, by Albert L. Baker 


St. Louis, Mo. 
Engineers Club 
November 3, 1949 


foley with Engineers Club of St. Louis 
ajor Sources of Energy, by Eugene Ayres 


Buffalo, N. Y. 

(Western New York-Ontario) 
Park Lane Restaurant 
November 7, 1949 


Smoker: Remarks by J. G. Morrow and C. L. Warwick 


Pittsburgh, Pa. 
Mellon Institute 
November 29, 1949 


Quality and Utility in Modern Glass, by Alexander Silver- 
man 


Philadelphia, Pa. 
Franklin Institute ‘4 
December 14, 1949 
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ointly with Franklin Institute 
esearch for oF The Private or Consulting 
Research Laboratory Milton Harris; The Colleges 
and Universities, by fa ld K. Schilling; The Non-Profit 
Institutes, by Edward R. Weidlein; The Importance 
of Research, by Vice-Admiral Howard G. Bowen; Some 
Aspects of the Function, Organization, and Operation 
of Industrial Research and Development Laboratories, 
by Dudley E. Chambers; Research hens the Standpoint 
t the Smaller Business Enterprise, by G. H. Clamer; 
Summary of the Day’s Proceedings by W. F. G. Swann. 


Philadelphia, Pa. 
Benjamin Franklin Hotel 
January 31, 1950 


Jointly with Philadelphia Section, S.E.S.A. 


Stress Analysis in Action, by Wm. T. Bean, Jr. 


Philadelphia, Pa. 
Franklin Institute 
March 8, 1950 


Atmospheric Pollution, by Louis C. McCabe; Atmospheric 
Pollution and Pressure to Abate It, by W. B. Hart 


Los Angeles, Calif. 
(Southern California) 

Rodger Young Auditorium 
March 23, 1950 


A.S.T.M. Activities Brought a Date, by Messrs. Painter, 
Lake, Stringfield, Kelch, Delmonte, and Bolte 


New York, N. Y. 
Engineering Societies Bidg. 
March 24, 1950 


Jointly with N. Y. Section, A.S.M.E. Machine Design Divi- 
sion. 

Electronics Research for the Department of National De- 
fense, by Edwin A. Speakman 
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Place and Date 


Notes 


Northeastern University 
April 10, 1950 


District or Local 


St. Louis, Mo. Jointly with Engineers Club of St. Louis 
Engineers Club Stress Analysis in Action, by Wm. T. Bean, Jr. 
veer A March 28, 1950 
is Til. Modern Photography in Industry >—Eastman Kodak Film, 
S.E. Headquarters “Functional Photography in Industry,’’ comments by 
Marck 29, 1950 John Niemeyer 
: i Boston, Mass. Competitive Sources of Energy, by Warren K. Lewis 


(sponsored by 
Cozncils 


indi- | St. Catharines, Ont., Canada 
(Western New York-Ontario) 
Hotel Queensway 


April 21, 1950 


Jointly with Niagara Peninsula Branch, E.1.C. 

Functional Photography: Eastman Kodak Film, 
tional Photography in Industry,” 
Eaton; Plant visits in afternoon 


“Func- 
comments by George 


New York, N. Y. 
Port Authority Auditorium 
May 11, 1950 


Tunnel and Terminal—How The 
Ralph Smillie; Terminal, by John M. Kyle 


Were Built, Tunnel, by 


Welland, Ont., Canada 
(Western New York-Ontario) 
Barclay Hotel 

May 18, 1950 


ointly with Niagara Peninsula Branch, E.I.C. 
nspection Tri 
Oil Fields; 


ip and Lo Meeting on Large Pipe for 
alk by C. W. Moorehe: 


valuable function of the meeting, but the 
meeting brought about a much wider 
knowledge of the Society’s work through- 
out the far west. It further proved to be 
a truly integrating force such as we have 
never had before. 

The December, 1949, ASTM BULLETIN 
carried a full account of the meeting, with 
notes on the technical sessions and 
committee meetings. The complete tech- 
nical program has also been recorded in 
the 1949 Proceedings. Too much credit 
cannot be given the General Committee 
on Arrangements which aided in develop- 
ing the technical program, planned the 
entertainment and social features, raised 
a substantial sum of money to under- 
write costs of meeting rooms and many 
of the social events, and in many other 
ways contributed to the smooth and 
effective conduct of the meeting. At its 
January meeting, the Board of Directors 
adopted a formal resolution of thanks to 
the General Committee on Arrangements 
and to the members of all its committees 
for their services to the Society. 


@ Many of the Symposiums and individual papers are being published, and details have been given in ASTM But- 
LETINS. 
> Published in ASTM Butetin No. 166, May, 1950, p. 45. 


Joint Meeting with the American Statisti- 
cal Association: 


The Society joined with the American 
Statistical Association in a session on 
Statistical |. esign of Engineering Tests, 
which was held as a part of the annual 
meeting of that Association in New 
York on December 28, 1949. The two 
papers presented at the session together 
with the discussion brought out consider- 
able information of value in the applica- 
tion of statistics to engineering tests. 
These papers were published in the May, 
1950, issue of the ASTM Butter. 
The Executive Secretary acted as chair- 
man of the session. nb ams 


1951 and 1952 Meetings: 


The 1951 Annual Meeting, the Soci- 
ety’s Fifty-Fourth, will be held at Chal- 
fonte-Haddon Hall, Atlantic City, 
throughout the week of June 18. 

The 1951 Committee Week and Spring 
Meeting will be held at the Netherlands- 
Plaza Hotel in Cincinnati during the 
week of March 5. 


ie 
| 
= 
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In 1952, the Society will celebrate the 
Fiftieth Anniversary of its incorporation 
as a national technical society, and a 
number of special events are being 
planned for the Annual Meeting that 
=| 31 year, which will be held at the Statler 
- Hotel in New York _— the week of 


Responsibility for the publications of 
the Society is delegated to the Adminis- 
% trative Committee on Papers and Pub- 

lications. The report of that committee 
Me 3 is attached as Appendix IV; it reviews 
A — _ the activities of the committee and gives 
interesting information about the publi- 
cations for the past year as well as some 

_ future publications. 

: The annual volume of the Proceedings 
- (1252 pages) and the six parts of the Book 
- of Standards (approximately 8400 pages) 
on 7 were the major 1949 publications. This 
_ is the first time the Standards have been 
i; é published in six parts. The magnitude of 
these publications constituted a heavy 
_ load on both the editorial staff and the 
- printing establishment, and the final 
book was not completed until May, 1950. 
_ Twenty-two compilations of standards 
‘ were printed and together with various 
special publications listed in the Com- 
* mittee’s report comprise an important 

part of the 1949 publications. 

In the mid-year the ASTM BuLLetINn 
was placed on an eight-issue basis, so 


that seven issues were published in 1949 
comprising a total of 662 pages, made up 
7 4 of 239 ‘pages of technical papers and 


: discussions, 256 pages of news about 
Society activities and 167 pages of 
advertising (not including cover advertis- 
ing). The average edition was nearly 
10,000. 

Of the publications in hand for 1950, 
preprints of reports and papers for this 
annual meeting are now being distributed 
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Publications 


June 22. The biennial Apparatus and 
Photographic Exhibits will be held in 
conjunction with the meeting. 

The 1952 Committee Week and Spring 
Meeting will be held in Cleveland during 
either the week of February 25 or the 


week of March 3. 


to the members. Proceedings and the 
1950 Supplements to the six parts of the 
Book of Standards, as well as an edition 
of the Book of A.S.T.M. Methods of 
Chemical Analysis, will be taken up in the 
summer and fall. Much has already been 
accomplished in editing and printing 
many of the papers presented at the 
Pacific Area National Meeting last 
October. Some are appearing currently 
in the BULLETIN; others will be included 
in the 1950 Proceedings; still others are 
being grouped into six Special Technical 
Publications as noted in the committee’s 
report, with several more to be gotten 
under way. 

Publication by the Society, for the 
Joint Committee on Chemical Analysis 
by X-Ray Diffraction, of 1000 sets of the 
X-Ray Diffraction Cards—which when 
completed will number over 4000—is one 
of the biggest undertakings of the publi- 
cation schedule. For the first time some 
sets of these cards have been punched 
for use of the “‘key sort”’ method of classi- 
fication. An index of the cards is an 
important part of the publication. 

Another important joint publication is 
under way, namely, a Manual of Oil 
Measurement Tables being compiled by 
the Society (through Committee D-2 
on Petroleum Products and Lubricants) 
and the British Institute of Petroleum. 
Computation of the tables has been 
completed on IBM machines and is now 
being checked. Methods of publication 
are being discussed with the Institute, 
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and work on the final editing and printing 
may be begun before the close of the 
year. There are 37 tables in all, covering 
U. S., British and Metric units, which 
will comprise close to 1100 pages. 
Attention is directed to the excellent 
work by the Administrative Committee 
on Papers and Publications in preparing 


a Manual on the pieces of Technical 


Regulations Governing Technical Com- 
mitlees: 


Three revisions in the Regulations 
Governing Technical Cominittees! have 
been approved by the Board of Directors 
and made effective by announcement to 
the technical committees and by publi- 
cation in the BULLETIN. They are in- 
cluded here for the official record with 
brief comments. 

Numeric Balance of Members of Tech- 
nical Committees.—The present provision 
in Article I, Section 2 (g) of the Regula- 
tions concerning balance between pro- 
ducer, consumer and general interests 
has been changed to read as follows: 


On such committees either an equal numeric 
balance shall be maintained between the pro- 
ducers on the one hand and the consumers and 
general interests, jointly, on the other hand; or 
the consumers and general interests may be al- 
lowed to predominate in the absence of objection 
by a majority of the producers. Thus a substan- 
tial balance may be permitted to exist between 
the three general classifications of members on 
technical committees. 


The reasons for this change were 
. explained in the Board’s report a year 
ago when the proposed revised wording 
was published as being under con- 
sideration and awaiting comments from 
the technical committee chairmen. After 
considering all such comments, the 
Board affirmed its previous action. 


11949 A.S.T.M. Year Book, p. 534. 


Administrative Matters 


Papers (part of which was published in 

the April, 1950, BuLLETIN) and an 


article on “ASTM Papers—Their 


BOARD OF 


tation, Acceptance and Publication” 
which appeared in the January, 1950, 
BULLETIN. When finally issued, these 
will constitute a most valuable reference 

for authors of papers and discussions and 
an aid to the editorial staff. 


| 


Letter Ballots of Technical Committees 
on Recommendations Affecting Stand- 
ards.—Discussion of the preceding 
change emphasized the importance and 
significance of the letter ballots of com- 
mittees in acting upon recommendations 
affecting standards, especially in relation 
to the matter of numeric balance. It 
was decided to propose to the technical 
committee chairmen that, referring to 
the provisions of Article III, Section 
14 (a) of the Regulations, the letter 
ballot votes of producers on the one hand 
and of consumers and general interests 
on the other hand be counted separately, 
and that an affirmative vote of two-thirds 
of those voting in each of the two groups 
shall be required for adoption of recom- 
mendations affecting standards, instead 
as heretofore of the total number voting 
irrespective of classification of members. 
Thus, a recommendation will fail of ' 
passing if more than one-third of either 
producers on the one hand or consumers 
and general interests on the other hand 
oppose it, which gives a further protec- 
tion to a minority of either group. No 
modification to this proposed change in 
the light of comments received from the 
technical committee chairmen seemed 
necessary, and it was accordingly 
adopted. Following is the revised word- 
ing of Section 14 (a): 


14. Procedure Governing Recommendations 
on Standards.—(a@) Committee recommenda- 


a 
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tion 2(g): 


tions affecting standards shall normally be 
agreed upon at regularly called meetings. (For 
an alternate to this “normal” procedure, see 
Paragraph (6).) An affirmative vote amounting 
to two-thirds of those voting shall be required 
on all recommendations affecting standards, 
subject to confirmation by letter ballot of the 
entire committee on which an affirmative vote 
amounting to two-thirds of the combined num- 
ber of consumers and general interests voting 
and two-thirds of the producers voting shall 
also be required. The number of affirmative, 
negative, and “not voting” ballots shall be in- 
cluded in the report of the committee to the 
Society. If the number of negative votes on the 
letter ballot exceeds 10 per cent of the sum of 
the affirmative and negative votes, the report to 
the Society shall also contain a classification of 
the total vote as to producers, consumers, and 
general interests (see Section 2 (h)). 


Special Procedure for Writing Ullti- 
mate Consumer Goods Standards.—In its 
report a year ago, the Board presented 
proposed modifications of the Regula- 
tions to cover the development of stand- 
ards in the ultimate consumer goods 
fields wherever it is not feasible to 
establish in the entire technical com- 
mittee the balance of interests between 
producers, consumers and general inter- 
ests prescribed in the regular procedure. 
It is the intention that any work on 
standards for the ultimate consumer 
shall be handled within the framework 
of our present committee organization, 
but special provision is made for having 
consideration of such standards in repre- 
sentative subcommittees. Comments 
from technical committee chairmen were 
generally favorable, but one committee 
proposed an alternative wording to which 
the Board gave consideration during the 
year. It was decided to adhere to the 
wording proposed, and the revision was 
finally adopted and announced to the 
technical committees. The revision con- 
sists of the following, the new Section 
14 (c) comprising the essence of the 
revision: 

1. Insert at the end of Article be Sec- 
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An exception to this rule may be involved in 
certain actions connected with ultimate con- 
sumer goods as set forth in Article III, Section 
14 (c). 


2. Add the following to Article II, 
Section 9: 


(See also Article III, Section 14 (c)). 


3. Change Article III, Section 14 (c) 
to Section 14 (d). 


4. Insert the following new Section 
14 (c): 


14 (c). In certain cases of actions involving 
ultimate consumer goods it may not be feasible 
to establish in the appropriate existing technical 
committee the balance of interests concerning a 
particular item of consumer goods as prescribed 
in Article I, Section 2 (g). In such cases where 
recommendations regarding standards or recom- 
mended practices involve ultimate consumer 
goods, the following special provisions shall 
apply. The technical committee may refer 
the matter with proper recommendations to a 
special subcommittee which shall consist of not 
fewer than nine members and to which shall be 
applied (rather than to the technical committee) 
the balance of interests as prescribed in Section 
2 (g) including representation of the ultimate 
consumer. Recommended action by such a sub- 
committee shall be by not less than two-thirds 
affirmative vote by letter ballot. Such subcom- 
mittee recommendations shall be addressed to 
the technical committee and shall then be 
handled as usual under Sections 14 (a) or (6). 


Procedures of Administrative Committee 
on Standards: 


The Board of Directors considered a 
proposal from one of the committees of 
the Society that the By-laws be amended 
to include a description of the procedure 
to be followed by the Administrative 
Committee on Standards in considering 
negative votes on recommendations that 
come before it. An examination of the 
question in consultation with the Admin- 
istrative Committee on Standards led the 
Board to the conclusion that it is not 
advisable to include such procedure in the 
By-laws, and that the point raised could 
be handled satisfactorily by having the 


Administrative Committee on Standards 
incorporate in its operating regulations a 
description of its procedure with respect 
to the privilege of a member voting 
negatively on recommendations coming 
before the Administrative Committee of 
being present at meetings to support his 
viewpoint, or of amplifying his point of 
view if the recommendation is being 
acted upon by letter vote of the Adminis- 
trative Committee. It was decided that if 
such member voting in the negative felt 
that his case is of sufficient importance, 
he should have the privilege of petition- 
ing the Administrative Committee for a 
formal hearing before action is taken. 
Accordingly the Board has directed the 
Administrative Committee on Standards 
to incorporate such provisions in its 
operating regulations and to continue its 
practice of informing committee officers 
of such provisions. 


ps 


Headquarters Staff: 


The Society and its staff suffered a 
grevious loss in the death, on November 
17, 1949, of Carter S. Cole, Assistant 
Technical Secretary. The Board adopted 
the following resolution at its January, 
1950, meeting: 


It is with profound sorrow that the Board of 
Directors records the untimely death, on No- 
vember 17, 1949, of Carter Stanard Cole, Assist- 
ant Technical Secretary of the Society. While 
officially on the Headquarter’s staff only some 
five years, he had long been active in the Society 
and its committees, which enabled him to bring 
to his duties as a staff member a wealth of ex- 
perience and judgment that gained the respect 
of his colleagues and committee associates. He 
was particularly interested and helpful in pro- 
cedural matters, and his advice in these was 
frequently sought. 

But he was particularly esteemed for the 
willing and cooperative spirit with which he 
entered upon all his assignments and which 
entered into all his associations, and his presence 
will be sorely missed. The Board, in adopting 
this resolution as a tribute to him, extends its 
sympathy to his family and his colleagues. 
ympathy y gu 
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Two members of the staff were recog- 
nized by the Board through suitable 
citations which have been published in 
the BULLETIN, namely, John K. Ritten- 
house, Treasurer, who completed 40 
years of service on October 9, 1949; and 
George A. Wilson, Assistant Editor, who | 
completed 25 years of service on Decem- 
ber 15, 1949. 

In August, 1949, William F. Black, Jr., 
was engaged in the editorial department 
of the staff, completing a plan of expan- 
sion started two years ago. In 


1950, Sheldon E. Fitterer was added to 
the staff of the standards department, — 
restoring the technical and administra- — 


tive staff after Mr. Cole’s death to its Lie 


authorized complement of fourteen. _ 
Notes regarding each of these new staff 
men have appeared in the BULLETIN. 
Recently an additional stenographer 
was engaged for the technical and edi- 
torial departments, bringing the total 
headquarters staff to 54, a net increase of © 
two during the year. In addition, several — 
clerks and stenographers are employed - 
on a part-time basis to meet peak load — 
conditions. 


Society Headquarters: 


The headquarters have continued to 
find favor with the members of the Soci- 
ety and its facilities have been used by 
both committees and members. Thus, 
during the calendar year 1949 there were 
76 committee meetings and conferences 
held in the building, including several 
meetings of other organizations to whom 
the Society is always pleased to extend 
this courtesy. 

During the year an air-conditioning 
unit was purchased for the fourth floor 
at a cost of $440.75, and the sound- 
proofing of the office space requiring it 
was completed at a cost of $1432,* 


* Only $386.00 of this amount appears in the auditors’ 
report for fiscal year 1949; the remainder was expended 
in 1950. 


| 
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each of these being a capital charge 
against the Building Fund. 

Financial Aspects.—Later in this re- 
port, in the section on finances and in 
the auditors’ report covered in Appendix 
I, is given full iuformation regarding the 
operations of the Building Fund through 
which the purchase of the headquarters 
was made. The headquarters building is 
carried on the balance sheet as an asset 
after depreciation of $170,944.87. The 
building is nearly clear of indebtedness, 
there being only a note payable to 
General Funds of $13,866.67 as of 


On June 1, 1950, the membership of 


the Society totaled 6761, compared with 
a total of 6620 one year ago. Gains and 
losses in various classes of membership 
are shown in the following table: 
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Membership 


December 31, 1949. Provision is made 
in the general budget under Head- 
quarters Occupancy Expense to pay off 
this loan at the rate of approximately 
$1130 a year, but it is hoped that further 
contributions to the Building Fund will 
make possible a more rapid reduction of 
that indebtedness. 

The cost of operating the headquarters 
building in 1949, including full deprecia- 
tion charges and portions of staff salaries 
chargeable to management and main- 
tenance service, was about $2.00 per sq. 
ft. 


work in standards and research, it is 
obvious that many more individuals and 
companies would unquestionably benefit 
from affiliation with the Society, and 
conversely that the Society would benefit 


( Membership Losses Additions Total 

J une 1,| June 1,| Resig- TO rans- | Trans- ec- 

1949 1950 | nations af Death fer fer tion Loss | Gain crease 

Perpetuity and Life. . il 11 

Sustaining............ 217 214 1 “ 5 1 2 3 ae 

Company Firm, etc.. 1625 1658 66 20 21 33 107 107 140 33 

Individual, etc........ 4627 4739 224 116 43 28 36 487 411 523 112 

122 123 9 5 16 31 30 31 1 
/ ee 6761 300 141 45 70 70 627 556 697 141 

Rs euncesnduvant 589 493 23 317 19 273 369 273 96° 

* Net loss. 


It will be noted that 627 new members 
were elected, compared with 626 for the 
preceding year. However, there was a 
somewhat greater loss from resignation, 
delinquency, and death compared with 
the previous year, so that the net increase 
of 141 is lower than the net increase of 
182 a year ago, although it compares 
favorably with the net increase of 125 
reported two years ago. 

It is encouraging that the Society’s 


total membership keeps increasing, but Procter & Gamble Co. 


considering the breadth of AS.T.M. 


from the participation in the work of a 
larger membership. 


Sustaining Members: 


There have been three new sustaining 
members acquired, and there were six 
losses, five of these being transfers to 
company membership. The three new 
sustaining members are: 


Huron Portland Cement Co. 


Republic Steel Corp. ee 


: 
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50-Y ear Members: Deaths: 
There are six individuals and com- The Society has lost the following 45 


panies as noted below that have been members through death: 


connect ‘ith the Society in 
or 50 years, having joined the American Barr, Joseph R. (1923) 
Section of the International Association Basch, David (1946) 
for Testing Materials in 1900: Billings, A. W. K. (1915) 6 - 


Cole, Carter S. (1935) 


mwell, Oliv A 
American Steel and Wire Co. , Easley, M. K. (1941) 
Colorado Fuel and Iron Corp. Evans, Charles T., (1924) 
National Tube Co. A. M. (1930) 
John A. Roebling’s Sons Co Gathmann, Emil (1914) 


Gillett, H. W. (1924) 
Greensted, H. B., Sr. (1935) 
Guyer, Paul B. (1949) 


These members will be recognized at 


this Annual Meeting. Hall, Kenneth S. (1946) 
Harriman, N. F. (1902) 
40-Vear Members: Heath, Fred (1949) 


: Hicks, Thomas A. (1914) 
There is a total of 25 members who Holmes, Addison F. (1906) 
this year have completed forty years of panne thy rod) 
membership, which brings the total Kilgus, H. E. (1917) 


number of members currently in the Knight, Burke Haywood (1942) 
“Forty-Year Club” to 153. The members 
who will receive 40-Year Certificates at Mabe, Ralph W. (1944) 
this Annual Meeting are as follows: Marston, Anson (1905) 
Milburn, Henry M. (1917) 
Millar, Preston S. (1942) 
Miner, Joshua L. (1912) 
Morehead, F. H. (1926) 
Mort, Linwood G. (1946) 
Nichols, Ernest H. (1933) 
Olson, H. M. (1941) 
Osborn, Kenneth H. (1927) 
Price, William B. (1913) 
Randall, Merle (1944) 
Reeve, C. S. (1904) 
Rexford, Elliot P. (1946) 


Lawrence Addicks 

American Transit Assn. 

Armco Steel Corp. 

Charles V. Bacon 

P. H. Bates 

Bausch & Lomb Optical Co. 

L. G. Blackmer 

British Ceramic Society 

Cementos Mexicanos, SA 

Flint C. Elder 

General Electric Co., Pittsfield Works 1045) 

John Howe Hall Smith, Arthur G. (1940) 

A. E. Horn Tolman, L. M., (1936) 

William H. Klein Young, Edward R. (1933) 

Lehigh Valley Railroad Co. 

M. E. McDonnell In addition to the above, the following 

representatives of company members of 

National Crushed Stone Assn., Inc. “ei a 

City of St. Louis Municipal Testing Labora- the Society passed away: 
tory 

Stanford University Library 

State University of Iowa Libraries 

Studebaker Corp. 

Western Union Telegraph Co. 

Francis P. Witmer © 

G. H. Woodroffe 


L. S. Converse, American Viscose Corp. 
P. Diederich, City of Glendale, Calif., Public 
_ Service Dept. 
R. Dillehay, The Richardson Co. 
Toseph C. Dooley, New York Trap Rock Corp. 
F. A. Hartman, Protexol Corp. 


®Date of membership. 


- | | 
4. 
4, 
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R. W. H. Hawken, University of Queensland, 
Faculty of Engineering. 

Harry D. Jumper, Consolidated Rock Prod- 
ucts Co. 

W. W. Knight, Roth Rubber Co. 

Gerald T. Kurtz, The Paraffine Cos., Inc. 

N. L. Marks, Jr., New Orleans City Engi- 
neer’s Office. 

Ray P. Mattern, 
Regulator Co. 

Frederick Mills, Western Australian Govern- 
ment Railways. 

A. C. Nixon, Fisher Body Detroit Division, 
General Motors Corp. 

Burton Paxton, Chicago Hydraulic Oil Co. 

J. R. Putnam, The United States Time Corp. 

John Jay Shank, The Wayne Laboratories. 

A. G. Tainton, Pretoria Portland Cement Co. 

‘James Weir, The James Weir Co., Ltd. 

R. J. Wheeler, Carter Traveler Co. 


Minneapolis-Honeywell 


A number of these men have been 
affiliated with the Society for many 
years and rendered outstanding services, 
particularly through work on the tech- 

_ nical committees. The notable work and 

_ meritorious service of two of the men, 
W. B. Price and C. S. Reeve, had been 

_ recognized through election to Honorary 
Membership in the Society. Both had 
served as members of the Board of 
Directors. Several others had notable 

_ records of accomplishment for the Soci- 
ety. Mr. Basch had for many years, as a 
committee representative of the General 
= eee Co., been active in Committee 
 B-6 on Die-Cast Metals and Alloys. Mr. 
Cromwell, retired for many years, had a 
_ long period of service in Committee A-1 
on Steel. H. C. Dickinson, long with the 
National Bureau of Standards, was active 
on Committee D-2 on Petroleum Prod- 
ucts and Lubricants. H. W. Gillett, an 
outstanding authority in the metallurgi- 


Mt field and first Director of Battelle 


Memorial Institute, gave unstintingly of 
his time and wide knowledge to the Soci- 
many of the Society’s technical pub- 
7 — lications bear the stamp of his facile pen. 


a Periodically the Board of Directors 
Ps _ acting for the Society takes cognizance 


Sr 
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N. F. Harriman, for many years vice- 
chairman of the Federal Specifications 
Board and previously with the Union 
Pacific Railroad, served on_ several 
committees in the Society’s early years. A 
number of other men had been concerned 
with technical committee work: T. A. 
Hicks particularly in C-1 on Cement 
where he was an honorary member; 
W. J. Jeffries, formerly with the U. S. 
Navy, on Committee A-1 on Steel; H. 
M. Milburn, for many years with Com- 
mittee D-4 on Road and Paving Ma- 
terials. F. H. Morehead for many years 
represented the Manufacturers Stand- 
ardization Society of the Valve and Fit- 
tings Industry on Committee A-1 on 
Steel and other ferrous groups, and E. 
R. Young served on Committee A-3 
on Cast Iron, of which he had been 
secretary and chairman, and also on 
A-1 on Steel. E. H. Nichols was a mem- 
ber of several committees in the building 
materials group. F. A. Hartman was an 
active member of Committee E-5 on 
Fire Tests of Materials and Construc- 
tion; H. D. Jumper contributed of his 
time and effort particularly to Committee 
C-9 on Concrete and Concrete Aggre- 
gates; and R. J. Wheeler was connected 
with the work of Committee B-5 on 
Copper and Copper Alloys. 

Special mention should be made of the 
long-time interest of Dean Anson 
Marston who had served as a Director 
of the Society and for many years headed 
Committee C-4 on Clay Pipe. J. L. Miner 
devoted much effort to the Society, 
especially in Committee C-1 on Cement; 
he also had served on the Board of 
Directors and at the time of his death 
was a member of the Administrative 
Committee on Standards. 


Honors and Awards 


of outstanding service through election to 
Honorary Membership, and the recent 


CC 


establishment of the Award of Merit by 
the Board provides a further means of 
recognizing important service to the 
Society. Various awards and medals are 
also given to recognize outstanding 
papers and to foster research in certain 
special fields of activity. 


During this annual meeting the follow- 
ing six members, whom the Board 
recently elected to Honorary Member- 
ship, will be presented to the Society for 
their formal awards; each has over long 
periods of years contributed greatly to 
the advancement of the Society’s work: 


Honorary Membership: 


Phaon H. Bates (retired), formerly Chief, 
Clay and Silicate Products Division, National 
Bureau of Standards, and Past President of 
the Society. 

Wilson C. Hanna, Chief Chemist, California 
Portland Cement Co., and Past Director of 
the Society. 

Dean Harvey (retired), formerly Materials 
Engineer, Westinghouse Electric Corp., and 
Past President of the Society. 

Prévost Hubbard (retired), formerly Chem- 
ical Engineer, Asphalt Institute, and Past 
Director of the Society. 

Robert Job (retired), formerly Vice-President, 
Milton Hersey Co., Ltd., and Past Director of 
the Society. 

H. S. Rawdon (retired), formerly, Chief, 
Djvision of Metallurgy, National Bureau of 
Standards. 


Award of Merit: Ys 


As announced a year ago the Board of 
Directors has established an A.S.T.M. 
Award of Merit as a further means of 
recognizing individuals who have 
rendered distinguished service to the 
Society. The Award of Merit Committee 
for 1950, comprising T. «. Boyd, chair- 
man, D. E. Parsons, C. H. Rose, H. S. 
Vassar, and L. H. Winkler, reviewed 
numerous suggestions and citations from 
the various technical committees and 
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nominated nine members who by 
unanimous action of the Board were 
voted the 1950 Awards of Merit. Each 
one has contributed in an important way 
to the work of the Society in various of 
our technical fields. They will be pre- 
sented to the Society during this annual 
meeting to receive the Award of Merit 
certificates. They are as follows: 


Alfred P. S. Bellis 
Allan W. Dow 
Daniel W. Kessler 
T. Smith Taylor 
LeRoy L. Wyman 


Harold F. Dodge 

Howard P. Ferguson 
Thomas G. Stitt 
Percy H. Walker 


Recognition of Technical Papers: 


In recognition of certain outstanding 
technical papers, three awards will be 
made at this annual meeting as follows: 


Charles B. Dudley Medal—presented for | 
a paper of outstanding merit constituting 
an original contribution on research in engi- 
neering materials. This year it will be pre- — 
sented to Prof. B. J. Lazan, Syracuse 
University, for his paper entitled “Dynamic 
Creep and Creep-Rupture Properties of 
Temperature-Resistant Materials under 
Tensile Fatigue Loading.” 


Richard L. Templin Award—presented for 
a paper describing new testing methods and 
apparatus, the purpose of the award being — 
to stimulate research in the development of 
testing methods and apparatus. This year 
it will be given to Professors D. S. Clark 
and D. S. Wood, California Institute of 
Technology, for their paper entitled “The — 
Time Delay for the Initiation of Plastic — 
Deformation at Rapidly Applied Constant 
Stress.” 


Sam Tour Award—presented for the pur- 
pose of encouraging research on the improve- © 
ments and evaluation of corrosion testing 
methods and to stimulate the preparation 
of technical papers in this field. This year 
the award will be made to O. B. Ellis, 


| 
| 
{ 
a Armco Steel Corp., for his paper entitled 
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“Effect of Weather on the Initial Corrosion 
Rate of Sheet Zinc.” 


The Sanford E. Thompson Award, 
which recognizes papers of outstanding 
merit in the field of concrete and con- 
crete aggregates, will not be awarded 


this year. 


z- _ Report for the Fiscal Year of 1949: 
= 


The annual statement of the finances 
of the Society is presented in the form 
. of the report of the auditors for the fiscal 
year January 1 to December 31, 1949, 
which appears in Appendix I. The report 
gives the balance sheet of assets and 
liabilities, including general funds, build- 
ing fund, and other special and desig- 
nated funds; a statement of receipts and 
disbursements classified into “‘operating” 
(budgeted) and “‘nonoperating”’; details 
7 of the building fund and of special funds; 
and investments of Society funds. 

Total operating receipts were 
$502,047.52, the second largest in the 
Society’s history. Of this amount re- 
ceipts from dues and entrance fees were 
$202,781.66 or 40.4 per cent; receipts 
from sales of publications were 
$253,126.94 or 50.4 per cent; receipts 
from miscellaneous sources consisting 
principally of advertising, interest and 
dividends, and registration fees, total 
~ $46,138.92 or 9.2 per cent. Receipts from 
publication sales were particularly grati- 
fying and reflect strong demand for the 


_ Book of Standards and Supplements and 


‘It is significant that approximately 81 
per cent of publication sales are 
accounted for by publications growing 
out of our standardization work, the 

remaining 19 per cent comprising sales 
of Proceedings, technical papers, BULLE- 
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The Harold DeWitt Smith Memorial 
Medal was presented to Herbert F. 
Schiefer of the National Bureau of Stan- 
dards at the March 16, 1950, meeting 
of Committee D-13 on Textile Materials, 
in recognition of his work in the science 
of utilization of textile fibers. 


TIN, and various special and miscel- 
laneous’ publications. This shows 
strikingly the value of the Society’s 
publications as a major source of operat- 
ing income. 

Operating disbursements with all cur- 
rent bills paid (as detailed in the auditors’ 
report) were $490,871.43. Of this amount 
$205,079.73 was spent for publications 
and $172,731.95 for salaries, comprising 
76 per cent of the total. (This ratio has 
varied over the past decade from about 
74 to 82 per cent, depending largely upon 
volume of annual publications.) The 
remaining disbursements of $113,059.75 
were divided among items of general 
office expense, expense of technical com- 
mittees and district councils, meetings, 
headquarters occupancy (equivalent 
rent), employees retirement fund, and 
miscellaneous items. 

The payment into the principal of the 
A.S.T.M. Research Fund of one-half 
of the current entrance fees of about 
$2500 was deferred for the third succes- 
sive year, the Board feeling that the 
monies involved are needed for and can 
be used to better advantage in support 
of expanding technical activities, includ- 
ing the expenses involved in the organiza- 
tion of new technical committees. 

The difference between operating re- 
ceipt: and disbursements constitutes a 
favorable operating balance of $11,- 
176.09, which is slightly over 2 per cent 
of current receipts, compared to operat- 


awe 2, 


ing deficits of $27,911.11 in 1946 and 

$2322.60 in 1947 and a favorable operat- 

ing balance in 1948 of $61,127.37. 

An informative analysis of current 
receipts and disbursements can be made 
on the basis of the “income dollar” and 
how it was used. Thus, of each dollar of 
current receipts in 1949, 

39.4 cents came from dues, -; 

1.0 cent from entrance fees, | 

50.4 cents from publication sales, 

cents from advertising, 
1.8 cents from interest, and 

Rac .9 cents from miscellaneous sources. 

Ww e used this income dollar by spending: 

38.7 cents for development and pub- 

lication of standards and re- 
ports, 

19.9 cents for research, papers and dis- 

cussions, and 

39.2 cents for administration — mem- 

bership and finances, meetings, 

sales expense, certain publica- 

tions, promotional activities, 

 etc.,—leaving 

2.2 cents over for surplus account 
available for Society opera- 
tions. 

The auditors’ report shows total assets 
in all funds (general funds, building fund, 
and special and designated funds) of 
$602,778.75, compared to $584,943.65 a 
year ago, the increase representing prin- 
cipally increased funds held for the tech- 
nical committees of the Society. The 
report also includes a summary of the 
comparative financial position of the 
Society for the past five years. The 
surplus in the General Funds account 
on December 31, 1949, was $219,235.36 
compared to $227,160.50 a year ago, a 
decrease of $7925. 14. The ratio of surplus 
to operating disbursements at current 
levels eam from about 50 to 45 per 
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Building Fund.—The auditors’ report 
also includes a statement of cash receipts 
and disbursements in the Building Fund 
as well as a balance sheet for the Fund 
as of December 31, 1949. The cost of the 
Society Headquarters Building as of the 
close of the fiscal year was $185,344.87, 
towards which there has been received 
a total of $169,482.17 in contributions 
from members. Other receipts during the 
life of the Building Fund are shown in the 
report. The only indebtedness on the 
building is a 4 per cent note payable to 
the General Funds of the Society, origi- 
nally $17,000 in amount but reduced 
during the fiscal year to $13,866.67. 

The auditors’ report also shows that 
there was paid into the Building Fund 
from General Funds of the Society during 
the fiscal year the sum of $5700 as a 
reserve for depreciation, this constituting 
a charge in the general budget against 
headquarters occupancy expense. This 
added to two previous similar payments 
since the inception of the Fund of $8700 
sets up a depreciation reserve of $14,400, 
so that Society Headquarters are now 
carried as a depreciated asset of $170,- | 
944.87. 

Investments.—Investments of Society 
funds as of December 31, 1949, are given 
in the auditors’ report, both book and 
market values being shown. As of that 
date the book value of all investments 
was $264,913.38; the market value of 
these investments was $249,065.96, a de- 
preciation of approximately 6 per cent. 
On the basis of market values 63.2 per 
cent were in bonds, 9.6 per cent in pre- 
ferred stock, and 27.2 per cent in common 
stocks; Government bonds constituted 
55.6 per cent of all investments. 

The following changes during the 
fiscal year in the investment portfolio are _ 
noted: 


4 


GENERAL Funps 
Bought Cost 
$24,600 U. S. Savings Bonds Series G....... $24 600.00 
Intermediate Credit Bank 
tures.... 8 000.00 
100 shares Atlantic Refinin Co. DAE 3 326.85 
100 shares Chase 3 412.50 
50 shares Gulf Oil Corp.. 3 098.97 
100 shares Ohio Oil Co. . 2 623.35 
100 shares Philadelphia Electric Co... 2 334.41 
$47 396.08 
Called or Maturéd Received 


$2000 Associated Electric Co. Bonds (called) $2 000.00 
Federal Intermediate Credit Bank Deben- 


24 600.00 

$20,000 U. S. Treasury Bonds 1949-51 
$46 600.00 


RESEARCH FUND 
Bought Cost 


$5400 U. S. Savings Bonds Series G. . $5 400.00 
Federal Intermediate Com Bank Deben- 

$7 400.00 

Called or Matured Received 


$2000 Associated Electric Co. Bonds (called) $2 000.00 


Federal Intermediate Credit Bank Deben- 


$7 400.00 


The net profit on the calling of secur- 
ities in the General Funds as reported 
above was $31.50; the profit on calling 
of securities noted above in the Research 
Fund was $306.50. 

No account has been taken in the 
accompanying financial statement of the 
assets of the Society in the form of 
publications in stock. An inventory of 
the principal technical publications as of 
May 1, 1950, may be summarized as 
follows: 


Proceedings (all back copies not inck 1949)..... 2 890 
Index to Proceedings.............. 550 
1949 Book of A.S.T.M. Standards 
A.S.T.M. Methods of Chemical 589 
Compilations of Standards..................... 18 355 
Selected Standards for Students............... 3 324 
Symposiums and Special Reprints............... 75 917 
Reprints of Standards (approximate) .. . 160 000 
Index to A.S.T.M. Standards (1948)........... 408 
Radiographic Standards for Steel Castings... 


Printing not as of 1, 1950. 4 
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In preparing the budget for 1950, the 
Board has estimated current receipts 
at $560,000, made up of $205,000 from 
dues and entrance fees, $301,000 from 


1950 Finances: 


publication sales, and $54,000 from 
miscellaneous __ sources, principally 
advertising, income from investments, 
exhibit, and registration and other fees. 
The figure for publication sales includes 
the sum of $115,000 estimated receipts 
from sales of the current Book of Stand- 
ards. To current receipts will be added 
$750 from the Retirement Fund Reserve 
to be applied towards the increased 
costs of the Retirement Plan this year, 
as mentioned in the following section of 
this report, making total estimated 
receipts of $560,750. 

The budget of disbursements has been 
fixed at $550,000. As usual, the two 
principal items are cost of publications 
at $244,000 and salaries at $186,500, 
comprising together about 78 per cent 
of estimated disbursements. The budget 
for publications provides for all regular 
and special publications anticipated in 
1950, including the sum of $10,000 for 
printing technical papers presented at 
the Pacific Area meeting last October in 
either Proceedings, BULLETIN or special 
publications. There is also included 
$8000 to complete payment of the costs 
of the 1949 Book of Standards (esti- 
mated at $137,000) after applying the 
$40,000 publication reserve accumulated 
during the past two years to this item— 
the majority of this cost having been 
met in 1949 financing. Another important 
item in the publication budget is the sum 
of $40,000 set aside as a reserve towards 
publication of the 1952 Book of Stand- 
ards, with the expectation of setting 
aside the same amount in 1951. These 
reserves, considered with the costs of the 
Supplements to the Book of Standards in 
1950 and 1951, will spread the costs of 
——" the official standards of the 


i? | 
| 
| 
q 
4 
| 
| 
| 4a 
| 
q 
7 


Society fairly evenly over the three year 
period 1950-51-52. 

The salary budget provides for the 
staff of 53 as of January 1, 1950, author- 
ized by the Board, with provision for an 
additional stenographer and certain extra 
clerical services. The stenographer was 
obtained in April, 1950, bringing the 
headquarters staff to 54. 

It will be seen that the budget as set up 
anticipates an operating surplus of 
$10,750. 

A review of operations under this 
budget during the first five months of 
1950 indicates that receipts and dis- 
bursements thus far are about as esti- 
mated and no change in the budget seems 
necessary at this time. 

To complete reference to 1950 finances 
thus far this year, it is noted that during 
the first five months the following matur- 
ity, sales and purchases of securities have 
taken place: 

In General Funds: Matured, $8000 
Federal Intermediate Credit Bank De- 
bentures; sold, 25 shares American Can 
Co. Common, 50 shares American Cyana- 


dy. 


During the year there has been a net 
increase of two persons participating in 
the Retirement Plan—three losses (two 
by resignation, one by death) and five 
additions—bringing the total number of 
participants to 30 out of 47 eligible 
employees. 

The initial retirement annuity policies 
taken out for the five new participants 
just mentioned are “fully matched” 
policies, the employees paying premiums 
of 23 per cent of salary and the Society 
matching. Additional policies were taken 
out in May, 1950, for twelve participants 
to bring their retirement annuities up to 
the requirements of the Plan, namely, 1 
per cent per year of service up to age 65 


for men and 60 for women, times the 


Retirement Plan for Employees 
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mid Co. Common, 100 shares Atlantic 
Refining Co. Common, 10 shares Ameri- 
can Cyanamid Co. Preferred, and $3000 
Southern Pacific bonds; purchased, 25 
shares Allis-Chalmers Manufacturing Co. 
Cumulative Convertible Preferred, 25 
shares Philco Corp. Preferred, 50 shares 
Servel Corp. Cumulative Preferred, 25 
shares Allis-Chalmers Manufacturing Co. 
Common, 75 shares American Tobacco 
Co. Common, 50 shares Gulf Oil Corp. 
Common, and 15 shares Montgomery 
Ward and Co. Common. 

In the Research Fund: Matured, $2000 
Federal Intermediate Credit Bank De- 
bentures; purchased, 35 shares Mont- 
gomery Ward and Co. Common. 

In the Building Fund: Purchased, 
$5000 U. S. Savings Bonds Series G. 

In Committee Funds: Purchased, 
$5000 U. S. Savings Bonds Series G. 

The total book value of Society invest- 
ments as of May 31, 1950, in all funds 
was $275,302.57. The Society’s cash 
balance in General Funds as of the same 
date was $269,973.06. 


average of the five highest salary years, 
or of $5000 if the salary is above this 
figure. These policies are of the “un- 
matched” type, the Society contributing 
either all or nearly all of the required 
premiums and the employees contribut- 
ing only enough to keep their total con- 
tributions to the Plan up to 2} per cent 
of salary or of $5000, whichever is 
smaller. 

For 13 of the 30 participants, including 
those whose salaries are over $5000, all 
retirement policies have now been taken 
out that are required under the Plan. 

The Society’s total contribution in 
premium deposits for retirement policies 
for the above-mentioned 30 employees 


ey 
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is at the annual rate of approximately 
$15,000, which is roughly 8 per cent of 
the present salary roll and 23 per cent of 
the estimated current income. The total 


The Society’s many cooperative rela- 
tions with other organizations have con- 
tinued during the year along lines of well- 
established policy, and mention will be 
made here of only a few of the more 
significant happenings and certain new 
developments during the year. 

Cooperation with the Federal Specifi- 
cations Board and its various technical 
committees has been continued to the mu- 
tual advantage of Federal and A.S.T.M. 
specification work. Contacts at the staff 
level are maintained, which serve to keep 
the staffs and through them the commit- 
tees of the two organizations informed of 
important developments in specification 
activities. Committees of the Society 
continue to review many Federal specifi- 
cations in draft form. 

The A.S.T.M. Ordnance Advisory 
Committee, acting upon a request of the 
Ordnance Department, has appointed a 
panel to review proposed military speci- 
fications for “Steel: Parts for Ordnance 
Materiel” now under consideration in the 
Ordnance Department. Similar panels 
appointed two years ago to advise on 
subjects relating to plastics, adhesives, 
and rubber have continued their activ- 
ities this year as circumstances required. 

The Society has joined with the Tech- 
nical Association of the Pulp and Paper 
Industry (TAPPI) in forming a Joint 
Committee on Petroleum Wax, which, 
so far as A.S.T.M. is concerned, will 
function under the procedure of Com- 
mittee D-2 on Petroleum Products and 
Lubricants as one of its technical com- 
mittees. The Joint Committee was 
on February 20, 1950, New 


fal 


ANNUAL REPORT OF BoARD OF DIRECTORS 


Cooperative Activities 


of employees’ annual contributions, in- 
cluding insurance benefits which most 


of them have elected, is approximately 
$3500. 


York City, during the annual meeting of 
TAPPI; A. M. Heald of the Marathon 
Corp. was elected chairman, B. B. 
Killingsworth of Socony-Vacuum Oil 
Corp. vice-chairman, and A. P. Anderson 
of Shell Oil Co. secretary. Representation 
of the Society’s Committee D-6 on 
Paper and Paper Products has been 
arranged. As usual in activities of this 
kind, the Joint Committee will report in- 
dependently to the two sponsor societies 
(in the case of A.S.T.M. through Com- 
mittee D-2), each organization reserving 
the right to independent action. The 
Joint Committee has begun work on a 
number of methods of test initiated by an 
earlier TAPPI committee. 

To adjust a conflict in scope that had 
developed with The American Society of 
Mechanical Engineers in connection with 
some activities in Committee D-2 on the 
subject of oil systems of turbines, it has 
been arranged (1) that Committee D-2 
will appoint a representative on the 
ASME Cooperating Committee on Lu- 
bricants; (2) that ASME will be invited to 
become a member of Committee D-2 with 
representation on Technical Committee 
C on Turbine Oils and other groups in 
which they may be interested; and (3) 
that Section 1 on Oil Systems of Turbines 
of Technical Committee C will be set up 
as a joint ASME-ASTM group. It is 
understood that the procedures to be 
worked out in this group will relate pri- 
marily to design and operation as distin- 
guished from methods of testing so that 
primary jurisdiction for publication 
would lie with ASME; but it has been 
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desirable publish certain procedures as 
information only, as a means of extending 
publicity to this work. 

Arrangements have been made with 
the American Society for Quality Control 
for that Society to review the individual 
sections of the revised and enlarged 
Manual on Presentation of Data upon 
which Committee E-11 on Quality Con- 
trol of Materials is working. If these 
sections meet with the endorsement of 
ASQC, that fact will be noted on the 
respective sections of the Manual when 
printed. 

The Board has accepted an invitation 
for the Society to be represented on the 
Research Council of the Graphic Arts 
Industry where it is felt that A.S.T.M. 
may be in a position through its work in 
various technical fields such as paper 
and printing inks, to contribute helpfully 
to the technical progress of the graphic 
arts. The Technical Secretary of the 
Society has been named as interim repre- 
sentative pending the appointment of an 
official Society representative. 

Following are certain appointments on 
cooperative activities made during the 
year: 

W. C. Voss has beenre-appointedas the 
Society’s representative on the Division 
of Engineering and Industrial Research 
of the National Research Council. 

F. L. LaQue has succeeded C. D. 
Hocker as the Society’s representative 
on the Inter-Society Committee on Cor- 
rosion of the National Association of 
Corrosion Engineers. J. S. Pettibone of 
the A.S.T.M. staff was appointed as an 
alternate on this committee, succeeding 
C. S. Cole, deceased. 

The Executive Secretary was ap- 
pointed as a member of the Industry 
Advisory Committee for Supply Cata- 
loging of the Munitions Board. 

Sydney Werthan has been appointed 
as the Society’s representative on the 
Joint Committee on Paint, Varnish, and 
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Lacquer, 
deceased. 

I. V. Williams has been appointed as 
the Society’s representative on the Non- 
Ferrous Metals Division of the Society 
of Automotive Engineers, succeeding 
C. S. Cole, deceased. 


American Standards Association: 


succeeding H. A. Nelson, 


The Society’s technical relationships 
with the work of the American Standards 
Association come largely under the re- 
sponsibility of the Administrative Com- 
mittee on Standards, and the report of 
that committee (see Appendix II) dis- 
cusses a number of matters that have de- 
veloped during the year. 

The Board has noted the status of the 
efforts of the American Standards Asso- 
ciation to obtain a federal charter of in- 
corporation. A bill for such incorporation 
was introduced in the last Congress but 
died with the adjournment of that Con- 
gress, and was introduced in modified 
form in the Senate of the present Con- 
gress where it has been referred to the 
Senate Committee on Judiciary. The 
Board of Directors has expressed its 
opinion to ASA that it believes it is un- 
necessary for ASA to be federally incor- 
porated and inopportune to take the 
matter up at this time. 

The Board, acting for the Society, 
approved amendments to the Constitu- 
tion and By-laws of ASA whereby the 
title of the chief executive officer of ASA 
was changed to Managing Director. 


The Conference of Executives of Or- 


ganization Members (CEOM) of ASA 
has continued its activities which are 
proving valuable in acquainting the 
executive officers of member bodies of 
ASA with the activities of the Associa- 
tion and in stimulating standardization 
activities in industry. Two meetings of 
the Conference have been held during the 
year, and on a third occasion the Con- 
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rectors of ASA to meet with it for a dis- 
cussion of problems and activities of the 
Association. The Executive Secretary is 
a member of the Executive Committee 
of CEOM. 

C. H. Rose was appointed for a three- 
year term expiring December 31, 1952, 
as Society representative on the ASA 
Standards Council, succeeding F. M. 
Farmer who retired from this post after 
many years of distinguished service on 
the Council, including a term as its chair- 
man. The other Society representative on 
the Council is J. R. Townsend, now its 
vice-chairman; J. H. Foote and the Tech- 


nical Secretary are alternates on the 


Council. 

The following appointments have been 
made on four of the Correlating Commit- 
tees of ASA: G. H. Harnden on Miscel- 
laneous Projects, H. K. Nason on Chemi- 


_ cal Industry, M. N. Clair (reappointed) 


on Building Codes, and M. P. Davis 


_ (reappointed) on Safety Codes. 


International Activities 


The principal contacts of the Society 
with international activities have been 
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in connection with various standardiza- _ 
tion projects being undertaken in the 
International Organization for Standard- 
ization (ISO). Brief reference. to the 
status of a number of these projects is 
contained in the report of the Adminis- 
trative Committee on Standards (Appen- 
dix II) to which reference should be 
made. The Society continues to maintain 
contact with a number of the standardiz- 
ing bodies of other countries through 
exchange of standards for review and 
comment, exchange of publications, and 
in other ways. Cooperation with the 
British Institution of Petroleum in the 
development of oil measurement tables 
has continued and is mentioned more 
specifically in an earlier section of the 
report. 


Respectfully submitted on behalf of 
the Board of Directors, 
_ J. G. Morrow, 
President. 


C. L. Warwick, 
Executive Secretary. 
June, 1950. 
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REPORT OF —_ AUDITORS FOR THE FISCAL YEAR sien 1 TO 


DECEMBER 31,1949 


Mr. C. L. Warwick, Executive Secretary 


AMERICAN SOCIETY FOR TESTING MATERIALS Ab 
Philadelphia, Pennsylvania » 


Dear Sir: 


We have examined the books and accounts of the American Society for Testing Materials for the 
year ended December 31, 1949. We did not make a detailed audit of all transactions, but made tests _ 
to the extent we considered appropriate in determining the accuracy of the records. Accounts re- ' 
ceivable were not verified by correspondence with debtors. The investments owned by the Society 
were examined by us; all income from investments for the period under review was properly ac- 
counted for. 

We have prepared and submit herewith balance sheet as of December 31, 1949, statement of cash 
receipts and disbursements for the year ended that date, and other supporting schedules, all of which 
are in agreement with the records of the Society. 

In our opinion, these statements, with notes thereto, present fairly the financial position of the 
Society at December 31, 1949 and the results of its operations for the year ended that date. 


submitted, 
res 


Joun & Co. 


‘Report or Boarp or Dmecrors (AppENDrIx I) 


“re BALANCE SHEET AS OF DECEMBER 31, 1949 
= F 7 (Including Special and Designated Funds) 


ASSETS 
General Funds: 


Less Check No. 2266 as of December 16, 1949 (drawn i 
against cost of 1949 Proceedings and 1949 Book of. : 
$56 379.22 
Investments (Market Value $182 016.43)—Cost........ 192 325.57 : 
Note Receivable (Building Fund)..................... 13 866.67 
$285 087.66 
Furniture and Fixtures (depreciated book value)................... 18 078.39 
Building Fund: 
Investments (Market Value $8 805.47)—Cost.............. epee 8 632.83 
Building and construction 
Less Reserve for depreciation...................000: 14 400.00 140 944.87 


Other Special and Designated Funds: 2) 


Dudley Medal and Marburg Lecture Fund....... 1 509.61 
Richard L. Templin Award Fund............... 58.96 

Investments: 
A.S.T.M. Research Fund (Market Value 
Dudley Medal and Marburg Lecture Fund 
(Market Value $3 995.00)—Cost........... 6 625.00 
Richard L. Templin Award Fund (Market Value 
Sam Tour Award Fund (Market Value $1 443.00) 
Committee Funds (Market Value $9 270.91)— 
Total Assets Special and Designated 


$303 166.05 


$113 295.98 


602 778.75 


ts 

q 
49 341.00 
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LIABILITIES 


General Funds: 


Accounts Payable: 


Executive Retirement 11 000.00 
Reserve for Depreciation of Investments............... 12 000.00 83 930.69 


Building Fund: 


Other Special and Designated Funds: 
A.S.T.M. Research Fund: 


Dudley Medal and Marburg Lecture Fund: 


Richard L. Templin Award Fund: 
Sam Tour Award Fund: 
1524.50 
Committee Funds, Unexpended Balances.......................... 50 287.14 
a 
CoMPARISON OF GENERAL FUNDs FoR FiscaL YEARS 1945-1949 INCLUSIVE. wt } 
Assets Liabilities ag 
iscal Year Accounts urniture | Accounts | *€S¢tve 19°) Miscellan- 
Cash Investments) Receivable Payable eous Funds | Surplus 
See $46 058.60 | $153 718.05 | $15 033.90 $6 641.57 $5 432.16 | $15000.00 | $35 982.49 | $165 037.47 
5 100.03 160 383.60 | 26 150.27 14 964.50 7 270.11 15 000.00 40 117.54 144 210.75 
, ae 3 930.42 163 690.12 | 37 218.85 16 405. 39 7 755.95 20 000.00 36 070.74 157 418.09 7 
50 691.65 191 497.99 | 46 748.11 17 261.45 7 777.78 40 000.00 31 260.92 227 160.50 
ree 56 379.22 192 325.57 | 36 382.87 18 078.39 12 349.77 40 000.00 31 580.92 219 235.36 Par 
he. 


a 
= = 
303 166.05 a | 
ntributions from Membe 169 482.17 SS 
ntributi \.S.T.M. Genera 1 755.01 
Accumulated Income and Profit on Investments 1 212.87 a 
Note Payable to A.S.T.M. General Funds 13 866.67 — ' 
15651672 
45914.60 
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RECEIPTS AND DISBURSEMENTS 
For THE Pertop JANUARY 1, 1949 to DECEMBER 31, 1949 


Operating Receipts (Budgeted): 
and Entrance Fees: 
nar Income, Life Membership Fund 
a Sales of Publications: 
‘;,, Book of Standards (Members, addl. parts)........... 
aa 1947 Supplements to Book of Standards............. 
_ 1948 Supplements to Book of Standards............. 
Methods of Chemical Analysis of Metals............. 
Compilations of 
Selected Standards for Students.................... 
Bulletin Subscriptions (non-members). .............. 
_ Special and Miscellaneous Publications.............. 
Miscellaneous: 


Registration and Other Fees-—Meetings.. 
Committee A-1 for Technical Assistant . hear 


ASTM-DCC Reference Fuel Account........... 


$46 138.92 
Total Operating Receipts $502 047.52 


Nonoperating Receipts (ot Budgeted): 
Investments Matured or Sold...................... 46 600.00 
_ Committee C-1 for Technical Assistant....,......... 2 400.00 
Retirement Fund 320.00 
Joint AIME-ASTM Publication Fund............... 142.30 

Institute of Petroleum Publications................. 194.90 

Joint Comm. on X-ray Diffraction.................. 285.00 

From Building Fund on Acct. of Loan............... 3 133.33 

From Advisory Comm. on Corrosion, return of loan... 5 000.00 — 


Total Receipts for 1949 and Cash Balance January 1,1949.................. $611 884.90 


>. 
8 849.48 pity, 
7135.00 
~ 
be 


Report oF Auprrors 


Operating Disbursements (Budgeted): 


Publications: 

Chemical Analysis of 279.81 

Special and Miscellaneous Publications.............. 26 189.38 
Total Disbursements—Publications........... $205 079.73 
Expenses—Technical Committees..................... 10 691.49 
277.51 
American Standards Association...................... 1 000.00 
Traveling Expenses, Administrative and Special Com- * 

Headquarters Occupancy Expenses (includes $5 700 de- _ 

Dues, Contributions, Miscellaneous................... 1 394.76 
Employees Retirement Fund...............-...0.++6: 13 698.55 

285 791.70 
Total Operating Disbursements (Budgeted).................... $490 871.43 ho 
Nonoperating Disbursements (Not Budgeted): e 
Refund of Excess Remittances..................00000: 720.20 
Technical Assistant Committee C-1................... 2400.00 
Loan to Advisory Committee on Corrosion............. 4000.00 as 
Total Nonoperating Disbursements................ $64 634.25 


* These accounts include $97 000.00 representing a check drawn against cost of the 1949 Proceedings and 1949 Book of 
Standards, but not actually paid on December 31, 1949. 
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AS.T.M. BUILDING FUND 


January 1, 1949 ro DecemBer 31, 1949 


Receipts 
Contributions from A.S.T.M. General Funds............................ 1 755.01 
Interest on U. S. Treasury Bonds 24s 1967-72.................. a ae 212.50 
From General Funds for Depreciation on Building, Elevator and Air Con- 


$11 320.78 


Disbursements 

Interest on Loan from General Funds 621.68 


| 
C 
I 
7 
E 
f Loan from General Funds 4 581 
( 


‘ DETAILS OF ASSETS AND LIABILITIES OF BUILDING FuND AS OF DECEMBER 31, 1949 | ‘ 
Assets 


Cash in bank 


Investments: 


$8500 U. S. Treas 
(Market value 


Bonds 1967-72 
5 .47)—Cost 


Property, 1916-18 Race Street, Philadelphia, Pa.: 


Purchase Price 


Commission to Agent 
Settlement Fees, net 


Allocated to: 


Construction Costs: 


Architect’s Fee 


Rent paid to facilitate possession 


Zoning fees and permits 


General Contractor 
Elevator 
Air Conditioning Units.................. 
Exhaust system fur basement............. 


Soundproofing 


$129 994.44 
Less proceeds from sales and salvage of 


13 866.67 $186 316.72 


i 
ye 


equipment and rentals............. 1 152.92 
128 841.52 
° $155 344.87 
Reserve for Depreciation (provided from General Funds)... 14400.00 140944.87 170 944.87 
Liabilities and Funds coe 
Contributions from A.S.T.M.General 1 755.01 
Accumulated Income: 
Interest on U. S. Treasury 24s 1967-72................ $1 958.28 1% 
Profit on disposal of 76.2700 
2 034.55 
821.68 1 212.87 


20 749. a 
907.00 


A, 
of December 31, 1949: 
A.S.T.M. ResEarcu Funp 
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In addition to the General Funds of the Society, the Treasurer had on hand the following funds 


cm 


0 nvested Cash 
Receipts: 
Profit on Sale of 306.50  +306.50 
Income Account: inte. 
Balance, January 1, 1949... $5 392.92 
Receipts: 
nterest and Dividends on 1483.55 6876.47 
_ Disbursements: 


Balance, January 1, 1949 
Principal—Investment (at cost) 
Income—Cash in bank 


$6 625.00 
1 501.70 


Receipts 
Disbursements 


Accounted for as follows: 
Principal—Investments (at cost) 
Income—Cash in bank 


Templin Award 
Engrossing Certificates 


Accounted for as follows: 
Principal—Investments (at cost) 
Income—Cash in bank 


Duptey MEDAL AND MARBURG LECTURE FUND 


Ricuarp L. AWARD FunpD 
Balance, January 1, 1949 
Receipts 


$8 126.70 


330.00 $8 456.70 


200.00 
68.50 
53.59 322.09 
$8 134.61 
$6 625.00 
1509.61 $8 134.61 


25.00 $1085.46 
25.00 
1.50 26.50 
$1 058.96 
$1 000.00 


58.96 $1 058.96 


- 
t= 
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Disbursements 
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Sam Tour AWArD FunpD 
Balance, January 1, 1949 


87.50 $1 625.00 


Accounted for as follows: 


Committee A-5 on Corrosion of Iron and Steel....................... 
Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys........ 
Committee B-6 on Die-Cast Metals and Alloys....................... 
Committee B-8 on Electrodeposited Metallic Coatings 
Committee C-1 Cement Reference Laboratory 
Committee C-9 Sanford E. Thompson Medal Fund................... 
Committee C-9 on Concrete and Concrete Aggregates. ....... 
Committee C-15 on Manufactured Masonry Units.................... 
Committee C-18 on Natural Building Stones and Slate................ 
Committee D-1 on Paint, Varnish, Lacquer and Related Products 
Committee D-2 on Petroleum Products and Lubricants................ 
Committee D-2 D.C.C. Reference Fuel Account...................... 
Committee D4 on Road and Paving Materials 
Committee D-9 on Electrical Insulating Materials.................... 
Committee D-12 on Soaps and Other Detergents..................... 


Committee D-15 on Engine 
Committee E-3 on Chemical Analysis of Metals 
ASA Sectional Committee on Specifications for Case Iron Pipe and Special 

Philadelphia District Council (Annual Meeting Acct.)................. 
Western New York-Ontario District Council......................... 
Administrative Committee on Ultimate Consumer Goods............... 
Joint Committee on X-ray Diffraction. 
Joint Committee on X-ray Diffraction Research Associate............. 


Total Committee Funds...... 


Accounted for as follows: 
Cash in bank and on hand................. 


100.50 
$1 524.50 


19 


uw 


$41 287.14 


9000.00 $50 287.14 


37.50 $1537.50 
Contribution from General Funds...................... 50.00 
35.00 
24.50 $1 524.50 <4 | 
$450.97 
1 138.55 
2642.29 
11.25 
| 
923.52 
153.32 
394.28 
176.36 
546.68 
43.64 
699.58 
36.95 
233.40 pt fir’ 
396.65 
238.34 
43.00 
197.56 
—_ 
3 814. 
397.68 
08.45 
55.50 
491.76 | 
201.55 
381.15 
2 191.38 | 


INVESTMENTS 


GENERAL FuNDS 


Bonds 


f $4 000 Erie R. R. Co. Gen. Mtg. Income 44s, 2015....... 
2 000 Hudson Coal Co. S. F. 5s Series A 1962.......... 
3 000 Southern Pacific Deb. 44s, 1969. ................ 

37 600 U. S. Savings Bonds, Series G 24s............... 
4 800 U. S. Treasury Bonds 24s, 1967/72.............. 
2 000 U. S. Treasury Bonds, 24s, 1964/69.............. 
2 000 U. S. Treasury ,Bonds, 2s, 1952/54............... 

50 000 U. S. Treasury Bonds, 2s, 1952/54............... 
5 000 Walworth Co. 34s convertible debentures 1976... . 
8 000 Federal Intermediate Credit Bank Deb........... 


te 


Shares Preferred Stocks 

22 American Airlines Inc. 3} cumulative convertible. . 2 244.00 

10 American Cyanamid Co. 33 a A convertible. . . 1 042.53 

25 Colgate-Palmolive-Peet Co. $3.50 s 2 525.00 

100 Murray Corp. of America Cumulative 4) per cent. . 5 050.06 

$12 891.59 

Common Stocks 

75 Allis-Chalmers Mfg. Co., no par value............ 3 316.20 

50 American Cyanamid Co.. 1 764.25 

100 American Rad. & Std. Sanitary Corp... EIS. a 1 564.32 

100 Baldwin Locomotive Works..................... 3 822.00 

5 426.00 

10 Delaware Power and Light Co................... 135.00 

7$ General Telephone Corp... 2 675.00 

300 International Harvester........................ 9 610.00 

60 Lone Star Cement, no par value................. 4 349.42 

100 Ohio Oil Co.. 2 623.35 

67 Philadelphia 1 185.06 

116 Public Service Elec. & Gas Co. avg 4 369.50 
20 United Gas Improvement Co.................... 50 
100 Chase National Bank.......................... 3 550.00 

ToraL Common $61 697.82 $55 076.88 
Torat Common and Preferred Stocks............ $74 589.41 $65 690.63 

~é 
A.S.T.M. Buitpinc Funp 


Value Bonds 


$8 500 U. S. Treasury, 24s, 1967-72..............5..... 
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4 
Par Value or Market 
Book Value Values 

$2832.00 $2720.00 

1697.25 1 862.50 

2544.75 895.00 

600.00 36 560.80 

4800.00 

2000.00 2.065..00 

2,000.00 2 031.25 

765.63 50 781.25 

$496.53 4 437.50 

8000.00 8000.00 

$117 736.16 $116 325.80 

652.33 


A.S..M. ResEarcH 


Cost or Market 


Par Value Book Value Value 


Bonds 


1500 B. & O. R. R. Gen. & Ref. 5s Ser. M, 1996....... $1511.25 = $900.00 
2 000 Hudson Coal Co. S.F. 5s Ser. A, 1962............ 1 697.25 1 862.50 
9 900 U. S. Defense Savings Bonds, Ser. G, 24s......... 9900.00 9 610.20 
2 000 U. S. Treasury Bonds 1965/70, 24s.............. _ 2000.00 2 028.12 


2 000 Federal Intermediate Credit Corp. due 4.3.50. .... 7% 2 000.00 2000.00 


$17 108.50 400.82 


@ Market values were taken from current financial publications as of close of market December 31, 1949, except U.S. 
Savi jings Bonds Series G, which are stated at redemption value as of December 31, 1949. 
© The income from these shares i is, by agreement, paid to an annuitant. 


30 Allis-Chalmers Mfg. Co. 3} cumulative convertible 3 007.22 vp 2 625.00 
33 American Airlines Inc. 3} cumulative convertible. . 3 366.00 2 310.00 
30 Butler Bros., cumulative....................... 3090.00 — 2 145.00 
12 Consolidated Edison Co. of N. Y. Ee 1234.39 —— 1305.00 
29 Consumers Power Co., $4.50, no par value........ 2 914.50 = “ 3 233.50 
20 Philco Corp., 33, Series A...................---. 2030.00 1 680.00 
$15642.11 $13. 298.50 
Common Stocks = 
100 Allis-Chalmers Mfg. Co., no par value............ 421.59 3 275.00 
5 Delaware Power & Light Co.................... 67.50 106.88 
98 General Motors Corp., par $10—gift?............ . 6504.75 7019.25 
SS Philadelphia Electric 583.70 804.38 
9 Public Service Elec. & Gas Co................... | 135.00 230.63 
10 United Gas Improvement Co.................... 7 157.50 266.25 
Torat Common $13079.37 $12. 799.89 
Torat Common and Preferred $28 721.48 $26,098.39 
Stocks and 829.98 $42. 499.21 
aes DupLEY MEDAL AND MARBURG LECTURE FunpD 
Par Value Bonds 2 
$500 B. & O. Ref. & Gen. Mtg. 6s, Series J, 1995..... 7 $550.00 $350.00 
6 000 B. & O. R.R. Ref. & Gen. Mtg. 5s, Series G, 1995. 6 075. 3 645.00 
+ 25.00 $3 995.00 
an ICHARD EMPLIN AWARD FuND 
$1 000 U. S. Treasury Bonds 23s, 1967-72........ $1 000.00 $1035.94 
Sam Tour AWARD FuND 
$1 500 U. S. Defense Savings Bonds, Series G 23......... $1 500.00 $1443.00 


_ 
[ 
fe j 


. Treasury Bonds, 23s, 1955-60 


964-69 
. Treasury Bonds, 24s, 1965-70 
. Treasury Bonds, 24s, 1967-72 


Granp TOorALs, Preferred Stocks. ...j;........... 
Granp Totats, Common Stocks 


=> 


Cost or 
Book Value 


$9 000.00 
$161 602.49 
28 533.70 
$74 777.19 


$264 913.38 
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Par Value 3onds Market 
Value 
000. $1 000.00 $1 084.06 
"2.000 U.S 2 000.00 2 065.00 
33.000 U.S 3 000.00 3 042.15 
3000U.S 3 000.00 3 079.70 
$9 270.91 
157 276.94 
67 876.77 
065.9 


In pursuance of its principal function, 
the Administrative Committee on 
Standards has acted upon numerous 
tentatives and revisions which have been 
submitted since the Society’s Annual 
Meeting in June, 1949. Hereinafter is 
included a complete record of such recom- 
mendations as have been approved.! 
These actions include 43 new tentatives 
accepted during the year as well as re- 
visions of 65 tentatives, tentative revi- 
sions of 13 standards, 10 standards 
reverted to tentative, and 5 standards 
withdrawn. A number of these were 
acted upon at a meeting of the com- 
mittee held on September 22, 1949, and 
the remainder were handled by cor- 
respondence. 

The committee has continued its 
efforts toward improvement of quality 
and form of standards. At the instance of 
the committee, the Board of Directors 
has arranged with Committee E-1 for 
preparation of a manual on the form of 
A.S.T.M. methods for guidance of the 
technical committees. It is planned that 
when this manual is completed it will be 
put in the hands of subcommittee and 
group leaders engaged in the writing of 
methods of testing as well as in the hands 
of technical committee chairmen and 
officers. It is hoped that this procedure 
will insure more adequate treatment of 
certain important features such as edi- 
torial form, accuracy, reproducibility, 
etc. 


1 This list isnot reproduced here, since the recommen- 
dations have all been announced currently throughout the 
year in the ASTM Butretin.—Ed. 
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The Administrative Committee is also 
in the process of adding to its regulations 
a procedure which has already been 
established to advise those having a nega- 
tive viewpoint of their privilege of being 
present at meetings of the Administra- 
tive Committee on Standards at which 
recommendations that concern them are 
being considered. This is one additional 
step to insure proper consideration of all 
negative viewpoints prior to acceptance 
of technical committee recommendations. 

During the year the committee has 
also studied several projects looking to 
the establishment of new technical com- 
mittees in the Society. Some of these 
investigations have resulted in setting 
up new committees and others are still 
in process of organization. 


EXPANSION OF STANDARDIZATION 
ACTIVITIES 


Of the projects referred to in the re- 
port of a year ago, organization has now 
been effected of the following com- 
mittees: 

C-22 on Porcelain Enamel, and 

D-21 on Wax Polishes and Related 

Materials. 

The subject of graphite, referred to 
in the previous report, has been referred 
to Committee D-2 on Petroleum Prod- 
ucts and Lubricants with the thought 
that that committee would ,undertake 
work on graphite when used as a lubri- 
cant, leaving for future development the 
question as to whether any work need 


be undertaken with respect to other 


uses of graphite. 
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Committee C-3 on Chemical-Resistant 
Mortars——Some years ago the question 

_ of work on sulfur cements was explored, 
and it was the consensus that a new com- 
mite on the subject should be estab- 
_ lished. More recently Committee C-12 
__ on Mortars for Unit Masonry established 
a subcommittee on acid-resistant mor- 
— but this work together with the 
personnel of the subcommittee expanded 
: to such an extent that on recommenda- 
tion of Committee C-12 the Board of 
a Directors authorized the establishment 


and accordingly Committee C-3 on 
_ Chemical Resistant Mortars has been 
organized. 
Smooth Surface Floor Coverings.—Men- 
_ tion was made in the report a year ago 
that it had been proposed to organize 
a new committee to deal with asphalt 
floor tile and other smooth surface floor 
coverings. Accordingly a canvass was 
conducted and subsequently a conference 
was held at Society Headquarters to 
examine into the desirability of organiz- 
_ ing such a committee. The study is being 
continued. 

Other Pending Proposals.—Recently it 
has been proposed that the Society or- 
- ganize a committee on the use of radio- 
active isotopes in testing and also a 
- committee dealing with air pollution, 
having in mind methods of sampling 
and analysis. It is understood that these 
proposals are receiving the attention of 

the Board of Directors. 


RELATIONS WITH AMERICAN 
STANDARDS ASSOCIATION 


Two methods under the procedure of 
the American Standards Association are 
~ used by A.S.T.M. in submitting recom- 

_ mendations to the ASA. One is a com- 
bination of the so-called existing stand- 
ards procedure and the proprietary 

- sponsorship procedure. On the initial 
reference of an existing A.S.T.M. stand- 


ard to the ASA, it is submitted under 
the existing standards procedure with 
a supporting statement giving a his- 
tory of the development of the stand- 
ard and indicating the degree of its 
acceptance. If the standard is approved 
as American Standard, the A.S.T.M. 
is granted proprietary sponsorship so far 
as any future revisions are concerned, 
and such revisions are brought to the 
attention of the ASA currently for ap- 
proval under this proprietary sponsor- 
ship procedure. 

The second method consists of having 
standards reviewed in a sectional com- 
mittee made up of representatives of a 
number of interested organizations but 
with A.S.T.M. as sponsor or co-sponsor 
for the sectional committee. 

Standards Submitted Under the Existing 
Standards Procedure-—No new standards 
were submitted during the past year 
under the existing standards procedure. 

Revised Standards Submitted Under 
Proprietary Procedure——In view of the 
Society having been designated as pro- 
prietary sponsor for the revisions of 
A.S.T.M. standards that had been ap- 
proved as American Standard under the 
existing standards procedure, it has sub- 
mitted to the American Standards Asso- 
ciation during the year revisions of 1 
specification relating to slab zinc, 11 re- 
lating to copper and copper alloys, 3 re- 
lating to structural shapes, 1 relating to 
paint pigment, 2 relating to linseed oil, 
and 2 relaing to detergents. 

Standards Submitted Under Sectional 
Committee Procedure—During the year 
reports were received from five of the 
sectional committees for which the 
Society is sponsor or joint sponsor as 
follows: 

Sectional Committee Al on Specifica- 
tions and Methods of Test for Hydraulic 
Cements.—This committee has recom- 
mended the approval as American 
of 3 the ap- 


I 
1 
( 
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proval of 9 revised American Standards, 
and the reaffirmation of 4 American 
Standards. 

Sectional Committee B36 on Wrought- 
Iron and Wrought-Sieel Pipe and Tub- 
ing.—This committee has recommended 
the approval as American Standard of 
6 specifications and the approval of 6 
revised American Standards. 

Sectional Committee J6 on Rubber Pro- 
tective Equipment for Electrical W orkers.— 
This committee has recommended the 
approval as American Standard of 4 
specifications. 

Sectional Committee L14 on Textile 
Test Methods—This committee has 
recommended the approval of 5 revised 
American Standards. 

Sectional Committee Z11 on Peiroleum 
“Products and Lubricants.—This commit- 
tee has recommended the approval as 
American Standard of 6 methods, ap- 
proval of 9 revised American Standards, 
and the reaffirmation of 4 American 
Standards. 

All of these reports have been re- 
ferred to the American Standards Asso- 
ciation. Action is still pending so far as 
the recommendations of Sectional Com- 
mittee Al are concerned; the others have 
been approved. 


INTERNATIONAL RELATIONS 


The Society continues to receive from 
other countries standards with the re- 
quest for comment. A.S.T.M. committees 
review these standards and frequently 
suggestions result. Apart from such in- 
formal cooperation, however, quite a 
number of proposals have been received 
through the American Standards Asso- 
ciation concerning projects that have 
been proposed under the International 
Organization for Standardization (ISO). 

Textiles—The general secretariat for 
ISO Committee 38 has been assigned to 
Great Britain, but the United States 
will hold the secretariat for several sub- 


committees. A special subcommittee has 
been set up under Sectional Committee 
L14 on Textile Test Methods to serve as 
the American committee in charge of 
contacts with the ISO Committee. 

Petroleum Products.—Sectional Com- 
mittee Z11 on Petroleum Products and 
Lubricants is still communicating with 
American industry to learn its views 
with respect to Sectional Committee Z11 
acting as American Secretariat for this 
ISO Committee (No. 28), including an 
expression of willingness or otherwise of 
the industry to support such a secretariat 
financially. 

Rubber.—The secretariat for ISO Com- 
mittee 45 is held by Great Britain. Two 
meetings of the committee have been 
held, one & London, June, 1948, at which 
America was represented by Mr. H. G. 
Bimmerman, member of A.S.T.M. Com- 
mittee D-11 on Rubber and Rubber-like 
Materials, and the second at The Hague, 
Netherlands, at which America was 
represented by Mr. Etienne de Meeus, 
also member of Committee D-11. The 
committee has accepted the invitation 
of America to hold a meeting in Akron 
during October, 1950. 

Viscosity—The matter of the de- 
sirability of the United States participat- 
ing in this international project was re- 
ferred to Committee E-1 on Methods of 
Testing, which committee felt that inter- 
national discussion on the subject would 
be desirable provided it dealt with ab- 
solute viscosity. 

Plastics —Committee D-20 on Plastics 
is at the present time considering the 
desirability of recommending that 
America participate in this ISO project, 
and further, the desirability of America’s 
accepting the secretariat. 

Shellac——Subcommittee XIII on 
Shellac of A.S.T.M. Committee D-1 has 
been set up as the American committee 
in charge of contacts with the ISO 
Committee on Shellac (No. 50) for which 
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India holds the secretariat, and has sub- 
mitted a number of comments to the 
ISO Committee with respect to standards 
dealing with shellac that are now under 
consideration. A meeting of the ISO 
committee was held in Delhi, India, 
January, 1950. 

Solid Mineral Fuels —Committee D-5 
on Coal and Coke is being looked to to 
handle American contacts with this ISO 
Committee No. 27. A meeting of the ISO 
committee was held in London during 


Iron and Steel.—-Committee A-1 on 
Steel has indicated that it favors Ameri- 


an observer. 
Chemisiry.—The following gA.S.T.M. 
committees have indicated an interest in 


D-1 on Paint, Varnish, Lacquer, and 
Related Products, 
Ja D-3 on Gaseous Fuels, and a 
D-12 on Soaps and Other Detergents. 
Laboratory Glassware-—An ISO Proj- 
ect on Laboratory Glassware (No. 48) 
wh if has been proposed with the British 
~ Standards Institution holding the secre- 
tariat, Two conferences of representa- 
. tives of industry in this country have 
been held at which the Society was repre- 
sented. These conferences have recom- 


mended that the scope of the inter- 
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national be clarified and delimited 


> 


before any further consideration is given 
to American participation. 

General Definitions Relating to Chemical 
and Physical Test Results.—Committee 
E-11 on Quality Control has indicated 
that it favors American participation in 
the work of this ISO committee (No. 69). 

Mica.—Subcommittee [IX on Mica of 
A.S.T.M. Committee D-9 has been set 
up as the American committee in charge 
of contacts with the ISO Committee on 
Mica (No. 56) for which India holds the 
secretariat, and has submitted a number 
of comments to the ISO Committee with 
respect to standards dealing with mica 
that are now under consideration. A 
meeting of the ISO Committee was held 
in Delhi, India, in January at which 
America was represented by Messrs. 
U. C. Lal and Peter DeCicco, representa- 
tives in India of the Asheville-Schoon- 
maker Mica Co. 

Copper and Copper Alloys.—Commit- 
tee B-5 on Copper and Copper Alloys has 
concurred in the recommendation of the 
Copper and Brass Research Association 
that America participate in the work of 
this ISO Committee (No. 26). The 
secretariat for this committee is held by 
Great Britain. 


Respectfully submitted on behalf of 


the committee, 


R. E. HEss, 
Secretary. 


R. D. Bonney, 


The Administrative Committee on 
Research has not met since presenting its 
annual report to the Board of Directors 
a year ago. Routine matters requiring 
action by the committee were handled by 
correspondence to conserve time and 
expense, such as the decision to continue 
the annual contribution of $250 to the 
Welding Research Council in support of 
researches in the welding field that are 
of value to the Society. 

In its report last year, the committee 
cited the discussions it has carried on 
with the technical committees of the 
Society regarding committee organiza- 
tion for research and the listing of un- 
solved testing problems in the various 
fields of work in A.S.T.M. With respect 
to the latter question, considerable in- 
terest has been expressed by the technical 
committees, several of which have now 
submitted formal statements of research 
problems patterned upon a form of 
presentation suggested by the Adminis- 
trative Committee. Other committees 
are engaged in the development of such 
statements. It had been hoped that by 
March or April there would have been 
enough such statements in hand to war- 
rant a meeting of the Administrative 
Committee for consideration, but it was 
decided to give the technical committees 
more time and to accumulate a sizeable 
number of such statements before hold- 
ing a meeting. Accordingly, the Admin- 
istrative Committee can only report that 
progress is being made on this project. 

It is gratifying to be able to report 
that staff contacts with the technical 
committees have revealed several in- 
stances where extensive researches are 


on 


being considered and plans developed 
for raising substantial sums of money 
to support such researches. Two such 
projects now being discussed with the 
appropriate committee are studies to de- 
termine the effect of moisture on thermal 
conductivity of a variety of insulating 
materials and a study of the “tunnel | 
test” for determining fire resistances of 
various types of finishes. The Joint Com- 
mittee on Chemical Analysis by X-ray 
Diffraction Methods is engaged in raising 
funds to continue the research fellowship 
established lasi year at the National 
Bureau of Standards, and the Advisory 
Committee on Corrosion has raised over 
a third of the $100,000 fund being sought 
to support the A.S.T.M. Exposure Test _ 
Site program. Another extensive re- 
search project for the testing of wood 
poles is being developed by Committee 
D-7 on Wood, for which funds of the 
order of $100,000 will be sought. The © 
1950 annual reports of the technical 
committees will doubtless contain many 
references to interesting research activi- 
ties in various stages of planning and 
development. 

The Society has continued its ties 
with the Division of Engineering and 
Industrial Research of N.R.C., and with 
the Highway Research Board and the 
Building Research Advisory Board of 
that Division. 


Respectfully submitted on behalf of 


the committee, 
WALTER C. Voss, a 
Chairman. 


C. L. WARWICK, 
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The activities of the Administrative 


Committee on Papers and Publications 
_ have been largely those of reviewing ma- 


terial for publication and in planning 
for its publication, and also in planning 
the technical program for the Annual 


Meeting. Accordingly, this report is 
largely a record of the various regular 
and special publications that have been 


issued during the past year. The amount 
of technical papers being handled by the 


Society has been greatly increased this 
- year due to the Pacific Area National 
_ Meeting held in San Francisco last 
- October. As a result of the meeting, 
six special technical publications have 
resulted and a number of other papers 

are being published in the ASTM 


BULLETIN and others will appear in the 
1950 Proceedings. 
A special Study Committee was set 


up a year ago to review the Society’s 


standards for A.S.T.M. papers with the 
purpose of raising the standards if pos- 


_ sible. This committee, consisting of G. R. 
_ Gohn, chairman, R. C. Adams, and K. B. 


Woods, developed a modified detailed 


_ check chart for the use of reviewers of 
technical papers. Such a chart has been 
in use for a year and has proved to be 
_ very helpful both to the reviewer as well 
as to the Headquarters Staff. The com- 
_ mittee also prepared a brochure contain- 
ing suggestions to. authors with respect 


to preparation and presentation of tech- 


nical papers. It is hoped that this will be 
available within the next few months. 


_ 


REPORT OF ADMINISTRATIVE COMMITTEE ON PAPERS 
AND PUBLICATIONS 


An article entitled “ASTM Papers— 
Their Preparation, Acceptance, and Pub- 
lication” was published by the com- 
mittee in the January issue of the 
BULLETIN, and the Manual on Prepara- 
tion of Technical Papers (but without 
the appended material) was published 
in the April issue of the BuLtetin. It 
is felt that when the complete Manual 
becomes available it will be of consider- 
able assistance to authors in the prepara- 
tion of technical papers. Quite a bit of 
interest has already been expressed in 
it by individuals, companies and schools. 

It will be recalled that last year the 
number of issues of the ASTM Butietin 
was increased from six.to seven. This year 
eight issues are scheduled as previously 
planned. 


Regular Publications: 


1949 Proceedings, 1252*pp., 7000 copies 
1949 Book of Standards 2 
Part 1, 1402 pp., 12,750 copies 
Part 2, 1160 pp., 11,000 copies 
Part 3, 1372 pp., 10,000 copies. Available 
May, 1950- 
Part 4, 1321 pp., 10,000 copies 
Part 5, 1730 pp., 9,600 copies 
Part 6, 1410 pp., 9,000 copies. Available 
May, 1950 
1949 Index to A.S.T.M. Standards, 280 pp., 
20,000 copies. Available in May, 1950. 
ASTM Bu LLetiy, 8 issues (May, 1949, to April, 
1950), total number of pages 728, average 
number of copies 9800. 


RECOR PUBLICATIONS ISSUED 
| 


A statement of the volume of the 
principal publications for the past four 
years is given below: 


— 1946 | 1947 1948 | 1949 
Publications pages pages | pages | pages 
Proceedings.............. 1614 | 1206 | 1366 | 1252 
Book of A.S.T.M. Stand- 
Supplements to Book of 
S.T.M, Standards. . 2015 1648 
A.S.T.M. Methods of 
Chemical Analysis of 
412 
Index to A.S.T.M. Stand- | 
240 | 254 272 280 
Year Book ‘ 512 542 569 570 
Spring Meeting Sym- 
ASTM BuLLeTIN......... 600 | 668 | "664 728 
10238 | 4804 | 4519 | 11225 


Special Compilations of Standards Pub- 
lished from A pril 15, 1949, to April 15, 
1950: 


A.S.T.M. Specifications for Steel Piping Mate- 
rials (A-1), 328 pp., 2500 copies. 

A.S.T.M. Specifications for Flat Steel Products 
(A-1, A-10), 200 pp., 1000 copies. Available 
May, 1950. 

A.S.T.M. Standards on ‘Copper and Copper 
Alloys (B-5), 508 pp., 1200 copies. 

A.S.T.M. Specifications and Tests for Electro- 
deposited Metallic Coatings (B-8), 61 pp., 
7000 copies. 

A.S.T.M. Standards on Cement (C-1), 224 pp., 
2400 copies. Available July, 1950. 

A.S.T.M. Standards on Mineral Aggregates, 
Concrete, and Nonbituminous Highway Mate- 
rials (C-9, D-4), 248 pp., 2400 copies. Avail- 
able May, 1950. 

A.S.T.M. Standards on Glass and Glass Products 
(C-14), 120 pp., 1000 cdpies. Available May, 
1950. 

A.S.T.M. Standards on Paint, Varnish, Lacquer 
and Related Products (D-1), 687 pp., 2000 
copies. 

A.S.T.M. Standards on Petroleum Products and 
Lubricants (D-2), 752 pp., 7600 copies. 

A.S.T.M. Standards on Gaseous Fuels (D-3), 98 
pp., 750 copies. 

A.S.T.M. Standards on Coal and Coke (D-5), 
166 pp., 1800 copies. 

A.S.T.M. Standards on Electrical Insulating 
Materials (D-9), 678 pp., 1200 copies. 

A.S.T.M. Standards on Rubber and Rubber- 
Like Materials (D-11), 744 pp., 1800 copies. 
Available June, 1950. 

A.S.T.M. Standards on Soaps and Other Deter- 

= gents (D-12), 178 pp., 1500 copies. 
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A.S.T.M. Standards on Textile Materials (D-13), 
588 pp., 2800 copies. 

A.S.T.M. Standards on Adhesives (D-14), 62 pp., 
1500 copies. 

A.S.T.M. Standards on Industrial Aromatic 
Hydrocarbons (D-16), 44 pp., 750 copies. 

Procedures for Testing Soils, including ASTM 
Standards (D-18), 425 pp., 5000 copies. 
Available August, 1950. 

A.S.T.M. Standards on Industrial 
(D-19), 142 pp., 1000 copies. 

A.S.T.M. Standards on Plastics (D-20), 570 pp., 
2200 copies. Available June, 1950. an 

1950 Appendix to ASTM Manual of Engine Test __ 
Methods for Rating Fuels, 32 pp., 2250 copies. _ 

Report of Joint Committee on Standard Speci- _ 
fications for Concrete and Reinforced Con- 
crete, 146 pp., 1200 copies. cael il 


Waters 


Special Publications Also Issued: 


1949 Edgar Marburg Lecture.—“Residual 
Stresses in Metals” by William March Bald- _ 
win, Jr., 49 pp., 2000 copies. 

Symposium on Speed of Testing, 87 pp., 2000 
copies (reprinted from 1948 Proceedings). 

A.S.T.M. Manual on Presentation of Data, STP © 
15-C, 83 pp., 1000 copies. - 

X-Ray Diffraction Data for Chemical Analysis, 
Second Supplement, STP 48-B, 1337 cards, 
1000 sets. 
Revised Original set and 1st Supplement, 2723 
cards, 1000 sets. ; 

1948 Supplement to the Bibliography and Ab- | 
stracts on Electrical Contacts, STP 56-E, | 
24 pp., 1200 copies. 

Symposium on Effects of Low Temperature on 
Materials, STP 78, 68 pp., 4000 copies. : 

Symposium on Magnetic Testing, STP 85, 204 — 
pp., 3000 copies. 


lated to Forming and Service, STP 87, 123 pp., 
2000 copies. 
Symposium on Industrial Gear Lubricants, STP 
88, 23 pp., 2000 copies. 
Symposium on Aging of Rubbers, STP 89, 78 pp., 
4000 copies. 
Metal Cleaning Bibliographical Abstracts, STP 
90, 72 pp., 2000 copies. 
Manual on Fatigue Testing, STP 91, 86 pp., 
4000 copies. 
Symposium on Lubrication of High-Speed Tur- 
bine Gear Equipment, STP 92, 32 pp., 2000 | 
copies. 
Symposium on Accelerated Durability Testing 
of Bituminous Materials, STP 94, 187 pp., 
1800 copies. 
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Symposium on Insulating Oils (Third Series), 
STP 95, 59 pp., 2000 copies. 

Symposium on Testing Cast Iron with SR-4 
Type of Gage STP 97, 96 pp., 1500 copies. 


Symposiums Reprinted from ASTM 


BULLETIN: 


Round Table Discussion on the Need for Stand- 
ards for the Inspection of Water-Borne Indus- 
trial Wastes, 12 pp., 500 copies. 


Reprints of Publications: 


Symposium on Insulating Oils—Series 1 and 2, 
48 pp., 500 copies. 

Hardenability Chart, 20,000 copies. 

Viscosity Temperature Charts: 
Chart B, 21,000 copies 
Chart C, 10,000 copies 
Chart E, 11,600 copies 

Knock Test Manua! Framing Test Chart, 15,000 
copies. 

Standard Specifications for Portland Cement 
Stucco and Portland Cement Plastering, 20 
pp., 2000 copies. 


* 


Special Publications in Prospect: 


Data on Compositions and Properties of Cor- 
rosion and Heat-Resistant Steels and Alloys— 
Wrought and Cast, STP 52-A, 84 pp., 2000 
copies. 

1949 Supplement to the Bibliography and Ab- 
stracts on Electrical Contacts, STP 56-F, 
24 pp., 1200 copies. 

Monograph on Papers and Paper Products, STP 
60-A, 110 pp., 2000 copies. 

Symposium on Evaluation Tests for Stainless 
Steels, STP 93, 246 pp., 3000 copies. 

Symposium on Radiography, STP 96, 64 pp., 
2000 copies. 

Symposium on Rapid Methods for the Identifica- 
tion of Metals, STP 98, 120 pp., 2000 copies. 

Symposium on Use of Pozzolanic Materials in 
Mortars and Concretes, STP 99, 240 pp., 3000 
copies." 

The Strength of Wrought Steels at Elevated 
Temperatures, by R. F. Miller and J. J. Heger, 
STP 100, 114 pp., 1600 copies. 

Papers on Ultrasonic Testing, STP 101, 75 pp., 
2000 copies. 

Symposium on High Additive Content Oils, STP 

ae 102, 70 pp., 3000 copies.' 

Pape on Application of Statistics, STP 103, 

31 pp., 2500 copies.' 

Papers on Dynamic Stress Determinations, STP 
104, 75 pp., 3000 copies.’ 


1 paper presented at the Pacific Area Na- 
tional Meeting in October, 1949. 
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Symposium on Turbine Oils, STP 105, 60 pp., 
2000 copies.' 

Papers on Bituminous Paving Mixtures, STP 
106, 64 pp., 2000 copies.! 

A.S.T.M.-I. P. Manual of Oil Measurement 
Tables (STP number not yet assigned), 1100 
pp., 3000 copies. 


CURRENT ACTIVITIES 


A full program is in prospect for the 
1950 Annual Meeting with a number of 
symposiums scheduled as follows: 


Symposium on Effect of Sigma Phase on the 
High Temperature Propertiesof Metals—under 
the auspices of the Joint Committee on Effect 
of Temperature on the Properties of Metals. 

Symposium on Corrosion of Gas Turbine Mate- 
rials—under the auspices of the Joint Com- 
mittee on Effect of Temperature on the Prop- 
erties of Metals. 

Symposium on Methods of Testing Soils Under 
Triaxial Loading—under the auspices of Com- 
mittee D-18 on Soils for Engineering Purposes. 

Symposium on Identification and Classification 
of Soils—under the auspices of Committee 
D-18 on Soils for Engineering Purposes. 

Symposium on the Role of Non-Destructive 
Testing in the Economics of Production— 
under the auspices of Committee E-7 on Non- 
Destructive Testing. 


In addition to the above, there are a 
number of other technical papers which 
will be presented at the Annual Meeting. 
A number of papers are being offered to 
the Society for publication but not 
presentation at a meeting. These for the 
most part will be published currently in 
the ASTM BULLETIN. 

Of the special publications listed as 
being in prospect, the one covering the 
volume correction tables, “A.S.T.M.- 
I.P. Manual of Oil Measurement 
Tables,” is of greatest magnitude. This 
represents a monumental undertaking 
on the part of Committee D-2 on Petro- 
leum Products in the preparation of 
these tables, and their reproduction 
represents quite a publication problem. 

As indicated earlier, a considerable 
amount of the publication program con- 
sists of the papers presented at the 


‘ 


Pacific Area National Meeting held in 
San Francisco. Some of these papers have 
been appearing in current issues of the 
ASTM Bu Ltetm, and others will appear 
in the 1950 Proceedings. For the most 
part, however, it is planned to publish 
these as special technical publications, 
some of which are listed above as being 
in immediate prospect. In accordance 


te 


~ 


with an understanding at the time of the 
meeting, it is not intended to undertake 
the publication of certain of the Pacific 
Area meeting papers. 


Respectfully submitted on behalf of 
the committee, 


C. L. WARWICK, 
Chairman. 


PAPFRS AND PUBLICATIONS 


REPORT OF ADMINISTRATIVE 


The Administrative Committee on Ul- 
timate Consumer Goods held a meeting 
on May 17, 1950, at the offices of the 
United States Testing Co., Hoboken, 
N. J. 

In the last report reference was made 
to certain changes in the Regulations 
Governing Technical Committees relat- 
ing to a procedure for setting up stand- 
ards for ultimate consumer goods which 
had been formulated by the Administra- 
tive Committee, tentatively approved by 
the Board of Directors, and, towards the 
close of last year, was submitted to the 
chairmen of all technical committees for 
criticism and comment. Since that time 
the Administrative Committee has con- 
sidered, at the request of the Board, cer- 
tain proposals from one technical com- 
mittee for an alternative wording. After 
due consideration the Administrative 
Committee reaffirmed its original pro- 
posal and so reported to the Board with 
its reasons therefore. The Committee 
understands that the Board has since 
formally approved the proposed revisions 
in the Regulations and that these are now 
in effect. 

The Advisory Group on Consumer 
Want Determination has been requested 
by the Quartermaster Corps to review 
its plans for determining the wantability 
of certain fabrics which have been pre- 
pared for officers’ summer uniforms. 
Through Paul S. Olmstead, Chairman of 
the Advisory Group, the Administrative 
Committee has been advised of the pro- 
posed plan whereby the preference of the 
officers is to be determined, and of the 


COMMITTEE ON ULTIMATE 
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criticisms and suggestions which were 
made by the Advisory Group for im- 
provement of the technique. It is 
expected that the experience gained from 
this study of want determination may be 
especially illuminating because of the 
greater control over variables which is 
possible with this selected class of indi- 
viduals than is possible in the case of 
studies which involve groups of the gen- 
eral public. 

The Administrative Committee has 
approved tentative plans for a Sympo- 
sium on the Determination of Wanta- 
bility of Consumer Goods to be held at 
the annual meeting of the Society in 
1951. The papers will present both the 
theoretical and practical approaches to 
the problem. The plans include giving 
extensive publicity to the symposium to 
members of the Society and to other in- 
terested groups. 

The Administrative Committee has 
formulated a program which will bring 
to the attention of the technical commit- 
tees of the Society some of the earlier 
literature which the Committee dis- 
tributed, and the procedure which has 
been made available to committees that 
wish to do work in the consumer goods 
field. A paper is also planned for the Oc- 
tober issue of the ASTM Buttetin which 
will discuss phases of the field of work 
assigned to the Administrative Commit- 
tee and their pertinence to the aims and 
objectives of the Society. It is intended 
to use reprints of the paper to inform 
organizations interested in consumer 
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goods of what the Society has doneto Household and Garment Fabrics and the 
permit its technical committees to work Subcommittee on Hosiery, have been 
in the consumer goods field. merged into one under the title of Sub- — 
The Administrative Committee has committee on Ultimate Consumer Tex- 
considered the work of ASA Sectional tile Products. This subcommittee will | 
Committee on Rayon Fabrics, L-22, and place its emphasis on test methods for — 
has advised the Board of Directors of consumer goods. 
certain features which should be noted. 
The Administrative Committee calls Respectfully submitted on behalf of 
attention to an important change in the _ the committee, 
organization of Committee D-13 on Tex- HERBERT J. BALL, 
tiles. The two subcommittees which dealt Chairman. 
most closely with ultimate consumer R. E. Hess, 
goods, namely, the Subcommittee on Secretary. 
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‘ REPORT OF ADMINISTRATIVE COMMITTEE ON SIMULATED . | 


SERVICE TESTING 


The Administrative Committee on 
Simulated Service Testing has not held a 
meeting during the current year due, 
primarily, to the change in status of its 
1949-50 program. Committee plans, 
made at the last meeting, were premised 
upon the presentation this year of a 
symposium on Bearings and Lubricants, 
as well as a reconsideration of the back 
log of proposals submitted to A.C.S.S.T. 
Further survey of the proposed sympo- 
sium revealed the desirability of post- 
poning this presentation to 1951, be- 
cause of the greater potentialities for 
up-to-date developments now in process. 
Also, the untimely death of our sterling 
Secretary, Carter Cole, necessitated a 
full survey of committee activities and 
proposals before calling another meeting. 

A re-survey of all proposals before 
the A.C.S.S.T. is under way and a meet- 
ing of the Administrative Committee is 
being held during the present Annual 
Meeting for the purpose of planning the 
1950-51 agenda of activities. 

The tentative agenda for the com- 
mittee consideration include: 
1. Bearing Symposium, 
2. Strength of Soldered Joints, 

3. Gasket Materials, 

4. Airborne Dirt, etc., 


5. Fracture Tests (as re: welded struc- 

tures, etc.), 

6. Low-Temperature 

Metals. 

In addition to the above, a number of 
the committee back-log items such as 
adherence of coatings, hardness, fungus 
growth, flexure testing, hydraulic pack- 
ing, strain gages, etc., are reported to be 
receiving some attention in one or more 
technical committees. These items will 
be considered from the standpoint of 
their applicability in all phases of 
Society work. 

It is proposed that this meeting of 
A.C.S.S.T. have in attendance the mem- 
bers of the Technical Staff at Head- 
quarters; it being considered that 
through these men who are actively in 
contact with all A.S.T.M. technical 
committees that A.C.S.S.T. can have 
available the latest specific information 
as to Society status, activities, etc., in 
the various subjects brought before the 
committee. 

There are no recommendations to the 
Board of Directors at this time. 


Properties of 


Respectfully submitted on behalf of 
the committee, 


iy ? 
WYMAN, 
Chairman. 
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Since there have been no matters of 
an administrative or policy nature re- 
quiring the attention of the Administra- 
tive Committee on District Activities 
during the past year, this report essen- 
tially refers to certain activities of the 
A.S.T.M. Districts. 

The Administrative Committee in- 
creased its personnel last year from six 
to eight to provide somewhat broader 
representation. The policy of having a 
printed return report form was put into 
effect and has greatly improved the 
style and continuity of the Annual Re- 
port from the Districts. 

The committee reports the formal or- 
ganization of the Ohio Valley District, 
centered in the Louisville-Cincinnati- 
Indianapolis-Dayton-Columbus area. 
This group is planning several meetings 
and expects to act as the host committee 
during the 1951 A.S.T.M. Committee 
Week in Cincinnati in March. 

Reference should be made to an exten- 
sive questionnaire of the District activi- 
ties circulated by the New England 
District Council. A wealth of information 
was developed concerning meeting 
matters, organization of the District, 
distribution of Council minutes, and 
such matters which will merit further 
study. The New England group should 
be commended on its initiative in gather- 
ing the concensus of the members’ re- 
actions on many questions. 

Perhaps acting as a local committee 
on arrangements or as host to the Society 
during national meetings might be noted 


vil pra Pa, 


REPORT OF ADMINISTRATIVE COMMITTEE ON aim 
DISTRICT ACTIVITIES 


as one of the very important services 
which the Districts, through their Coun- 
cils, render. The Northern and Southern 
California District Councils served as 
the basis for the General Committee on 
Arrangements for the Society’s First 
Pacific Area National Meeting, which 
was an outstanding success. For the 
1949 Annual Meeting, the Philadelphia 
District Council served as the host 
group and is repeating again for the 
1950 Annual Meeting in Atlantic City. 
During 1950 Committee Week in Pitts- 
burgh, the District Council there 
arranged an informal cocktail party with 
the President as the honored guest. The 
Administrative Committee wishes to 
commend our Districts and their Coun- 
cils for contributions of this kind. With 
such concentration as there is in the 
Society on technical matters, the Dis- 


tricts, by fostering certain social and . 
entertainment functions during national | 


meetings, help foster a better esprit de 
corps. 

Concerning District meetings, one de- 
sirable trend has been marked, namely, 
to enlist the cooperation of the respective 
local sections and chapters of other 
organizations in sponsoring these, or at 
least to invite the membership of the 
local chapters of other groups to join 
with A.S.T.M. This policy has developed 
many friendly relations with other local 
groups, and it is expected to be con- 
tinued. With the membership of the 
Society concerned with such diverse 
materials and subjects, a large attend- 
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ance of the membership at District 
meetings cannot be expected as a rule, 
and so the excellent attendance at many 
of the meetings is attributable to the 
joint sponsorship with other groups. 

The Administrative Committee has 
noted with much interest a recent visit 
by the Assistant Secretary to a number 
of western industrial centers, where 
luncheon or dinner meetings of our mem- 
bers were held, these functions being the 
first get-togethers of the A.S.T.M. mem- 
bers in these areas. In each instance, the 
members present felt it would be de- 
sirable for some officer of the Society 
and Staff representative, if feasible the 
President and Executive Secretary, to 
visit these areas and our members. 


While the Administrative Committee 
does not contemplate any recommenda- 
tions concerning a more formal organiza- 
tion of our members in areas or cities not 
now represented in the Districts, it may 
well be that in the interest of promoting 
the activities of the Society, some recog- 
nition should be taken of areas, particu- 
larly in the West and Southwest, where 
there is continually expanding industrial 
activity. 

Respectfully submitted on behalf of 
the committee, 


FRANK G. STEINEBACH, 
Chairman. 


Secretary. 
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ON 
STEEL! 


During the past year there have been 
several developments in Committee A-1 
of general interest to the Society mem- 
bership, including general requirement 
specifications and mechanical testing 
procedures for classes of products and 
also discussion on the words “free” and 
“without charge” included the 
Society’s general inspection clause. 

Early in 1949, as noted in the 1949 
Report of Committee A-1, a new ar- 
rangement for presentation of its 
specifications on structural steel was 
completed. In this new form the struc- 
tural specifications for specific products 
include only those requirements which 
are applicable to the particular product. 
For requirements generally applicable 
to structural steel, the individual specifi- 
cations refer to a general requirement 
specification titled General Require- 
ments for Delivery of Rolled Steel 
Plates, Shapes and Bars for Structural 
Use (A 6-49 T). 

Committee A-1 is now balloting upon 
a like arrangement for its boiler plate 
specifications which has been developed 
by Subcommittee XI on Steel for 
Boilers and Other Pressure Vessels. If 
a favorable letter ballot vote results, 
the revised individual boiler plate speci- 
fications and the proposed Tentative 
Specifications for Genera] Requirements 
for Delivery of Rolled Steel Plates of 
Flange and Firebox Qualities (to be 
assigned the designation A 20) will be 
presented to the Administrative Com- 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 7 


mittee on Standards for Society approval 
subsequent to the Annual Meeting. 
Subcommittee XV on Bar Steels is con- 
sidering revision of its specifications in 
this same manner. 

For some time it has been evident to 
many of the subcommittees that it 
would be necessary to develop mechani- 
cal testing procedures for the field of 
products under their jurisdiction. 
Mechanical testing has become so 
specialized that no one cover-all method 
could possibly do justice to the details 
necessary for testing all the various 
steel products. Consequently the sub- 
committees have been developing 
mechanical testing procedures applicable 
to their products, including bars, pipe 
and tubing, sheet and strip, etc. The 
first of these procedures to be letter 
balloted upon by Committee A-1 is 
appended to this report as proposed 
Tentative Methods and Definitions for 
Mechanical Testing of Steel Bars.? 
Committee A-1 hopes to have the 
Society publish a manual covering the 
mechanical testing of steel products 
when all these various procedures have 
been approved. 

Committee A-1 has had under con- 
sideration for over a year the significance 
of the words “free” and “‘without charge” 
which are presently included in the in- 
spection clauses of all steel specifications 
except those on steel sheet and strip. 
A special group of Committee A-1 
members has been appointed by the 


2 These methods were accepted by the Society and 
pg in o 1950 Supplement to ASTM Book of Stand- 
, Part 1. 
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chairman to meet with the Executive 
_ Secretary of the Society, since broad 
policy questions are involved. 

Personnel—Committee A-1 now con- 
_ sists of 271 voting members, including 
130 producers, 105 consumers, and 36 
general interest members. 

Following the resignation of J. J. 
- Laudig of the Delaware Lackawanna 
and Western Railroad as chairman of 
_ Subcommittee VI, A. O. Schaefer of the 
Midvale Co. has been appointed as 
_ chairman and G. E. Baumgardner of the 
Norfolk and Western Railway Co. as 
vice-chairman. 

A. W. MacLaren of the Carnegie- 
Illinois Steel Corp. has been appointed 
as secretary of Subcommittee XV on 
Bar Steels. 

Honorary Membership —lIn recognition 
of their long-time and active services in 
behalf of Committee A-1, Messrs. H. 
B. Oatley, W. M. Barr and L. B. Jones, 


were elected to honorary membership. 
_ Messrs. Barr and Jones were active in 


many subcommittees concerned with 
materials of interest to the railroads and 
Mr. Oatley has been especially active in 
the work involving pipe and tubing and 
materials for high-temperature service. 
All three men aided the committee in 
numerous administrative capacities in- 
cluding service on the Advisory Com- 
mittee. Mr. Barr has largely relinquished 
his technical committee work, but 
Messrs. Jones and Oatley are continuing 
- actively; Mr. Oatley serving as con- 
sumer vice-chairman of the main com- 
mittee, as vice-chairman of Subcom- 
mittee IX on Steel Pipe and Tubing, 
and maintaining other subcommittee 
contacts as is Mr. Jones. Both men have 
a wealth of experience which will be 
available to the committee. Mr. Oatley, 
as chairman of the A.S.M.E. Boiler 
Code Committee, has been a most ef- 
fective liaison between this group and 
Committee A-1. 
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Losses by Death—In June, 1949, the 
committee lost by death, Edward R. 
Young (died June 9, 1949), Metallurgi- 
cal Engineer, Climax Molybdenum Co. 
of Chicago. He had been particularly 
concerned with the committee’s work on 
steel castings. 

In the death of Oliver C. Cromwell 
(died March 30, 1950), formerly with the 
Baltimore and Ohio Railroad and for 
many years retired, the committee loses 
one of its oldest members. For many 
years Mr. Cromwell was active in the 
committee, contributing greatly from his 
wide store of knowledge of the needs of 
the railroad industry. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


On December 21, 1949, the Adminis- 
trative Committee on Standards ac- 
cepted the following recommendations 
submitted by Committee A-1: 

New Tentative Specifications for: rile 
Quenched and Tempered Steel Bolts and Studs 
with Suitable Nuts and Plain Washers 

(A 325-49 T), and 
Alloy-Steel Castings for Pressure Containing 

Parts Suitable for High-Temperature Service 

(A 217 - 49 T). 


Revision of Tentative Specifications for: 


Carbon-Silicon Steel Plates of Intermediate Ten- 
sile Ranges for Fusion-Welded Boilers and 
Other Pressure Vessels (A 201 — 49 T), 

High Tensile Strength Carbon-Silicon Steel 
Plates for Boilers and Other Pressure Vessels 
(A 212-49 T), 

Boiler and Firebox Steel for Locomotives (A 30 - 
49 T), 

Low and Intermediate Tensile Strength Car- 
bon-Steel Plates of Flange and Firebox 
Qualities (A 285 —- 49 T), 

Alloy-Steel Bolting Materials for Low-Tempera- 
ture Service (A 320 - 48 T), 

High Tensile Strength Carbon-Manganese- 
Silicon Steel Plates for Boilers and Other 
Pressure Vessels (A 299 — 47 T), 

Nickel-Steel Plates for Boilers and Other Pres- 
sure Vessels (A 203 - 49 T), 
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Molybdenum-Steel Plates for Boilers and Other 
Pressure Vessels (A 204-49 T), 

Manganese-Vanadium Steel Plates for Boilers 
and Other Pressure Vess:ls (A 225-49 T), 

Chromium-Molybdenum Steel Plates for Boilers 
and Other Pressure Vessels (A 301 -49T), 

Manganese - Molybdenum Steel Plates for 
Boilers and Other Pressure Vessels (A 302 - 
47 T), 

Cold-Finished Carbon-Steel Bars and Shafting 
(A 108 ~- 49 T), 

Alloy-Steel Bolting Materials for High-Temper- 
ature Service (A 193 - 48 T), 

Steel Machine Bolts and Nuts and Tap Bolts 
(A 307 - 47 T), 

Seamless Alloy-Steel Pipe for High-Tempera- 
ture Service (A 158 — 48 T), and 

Hot-Rolled Carbon-Steel Bars (A 107 - 49 T). 


Tentative Revision of Standard Specifications for: 


Factory-Made Wrought Carbon-Steel and Car- 
bon - Molybdenum - Steel Welding Fit- 
tings (A 234-44), 

Billet-Steel Bars for Concrete Reinforcement 
(A 15 - 39), 

Rail-Steel Bars for Concrete Reinforcement 
(A 16-35), 

Axle-Steel Bars for Concrete Reinforcement 
(A 160 — 39), and 

Heat-Treated Steel Elliptical Springs (A 147 - 
39). 


Withdrawal of Standard Specifications for: 


Steel Helical Springs (A 61 — 39), and 
Steel Elliptical Springs (A 62 - 39). 


The new and revised tentatives, and 
the tentative revisions of standards ap- 
pear in the 1949 Book of A.S.T.M. 
Standards, Part 1. 

On December 22, 1949, the Adminis- 
trative Committee on Standards ac- 
cepted the following recommendations: 


Revision of Tentative Specifications for: 


Carbon-Steel Forgings for Rings for Main Re- 
duction Gears (A 290 - 46 T), 

Carbon-Steel and Alloy-Steel Forgings for Mag- 
netic Retaining Rings for Turbine Generators 
(A 288 - 47 T), 

Alloy-Steel Forgings for Nonmagnetic Coil Re- 
taining Rings for Turbine Generators (A 289 - 
47 T), 

Carbon-Steel and Alloy-Steel Forgings for 
Pinions for Main Reduction Gears (A 291 - 
47 T), 

Carbon-Steel 


and Alloy-Steel Forgings for 
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Headquarters. 


Turbine Generator Rotors and Shafts 
(A 292 - 47 T), 

Carbon-Steel and Alloy-Steel Forgings for 
Turbine Rotors and Shafts (A 293 - 47 T), 
and 

Carbon-Steel and Alloy-Steel Forgings for 


Turbine Bucket Wheels (A 294 - 47 T). 


Revision and Reversion to Tentative of Standard 
Specifications for: 


Carbon-Steel Forgings for General Industrial 
Use (A 235 — 46), 

Carbon-Steel Forgings for Locomotives and 
Cars (A 236 - 46), 

Alloy-Steel Forgings for General 
Use (A 237 — 46), 

Alloy-Steel Forgings for Locomotives and Cars 
(A 238 — 46), 

Carbon-Steel and Alloy-Steel Ring and Disk 
Forgings (A 243 — 46), and 

Carbon-Steel Seamless Drum Forgings (A 266 - 
47). 


Industrial 


The new and revised tentatives appear 
in the 1949 Book of A.S.T.M. Standards, 
Part 1. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is recommending for 
publication as tentative two new specifi- 
cations and one new method of testing, 
as appended to this report. Revisions in 
eighteen tentatives and two standards are 
recommended as itemized in the Ap- 
pendix. Editorial revisions in eleven 
specifications are recommended. 

These actions have been submitted 
to letter ballot of the committee, the 
results of which will be reported at the 
Annual Meeting? 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Structural Steel for 
Bridges, Buildings and Rolling Stock: 


A joint subgroup with Subcommittee 
XI appointed to make recommendations 


3 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
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for changing the present sliding scale 
requirements for yield point and elonga- 
tion in the structural and boiler plate 
specifications of Committee A-1 has 
proposed some changes in Subcommittee 
II specifications, as included in the 
recommended revisions in the Appendix. 
Now being studied by the subcom- 
mittee is a proposed document covering 
mechanical testing procedures and defi- 
nitions for structural steel products. 
The opinion has been expressed by 
Subcommittee II that the bend tests for 
structural products are useful as a guide 
to the toughness and ductility of the 
steel and should be retained in its 
specifications. 

The subgroup on flange versus web 
testing of wide flange beams is assembling 
data on this subject from Lehigh Uni- 
ee versity, the University of Illinois, Mod- 


; the jeski & Masters, Bethlehem Steel Co., 


Carnegie-Illinois Steel Corp. 
A proposed Tentative Specification for 
i Steel Sheet Piling, developed and ap- 
rie proved by Subcommittee II and ap- 
pended hereto‘, is being recommended by 
Committee A-1 for publication by the 
=a Society. To accommodate this proposed 
specification, changes are also being 
*, recommended in Specification A 6. 
Various other changes are recommended 


-% for Specification A 6 to bring it abreast 
bra8, of present commercial practice. 
Changes are recommended in Tenta- 
tive Specifications A 7, A 94, A 113, 


A131, A 141, A 195, A 242, A 283, and 
A 284, as outlined in the Appendix. 
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Subcommittee IV on Spring Steel and 
ss Steel Springs: 

The Section on Hot-Formed Springs 
has been attempting to develop a 


specification for spring steel bars of 
A.L.S.I. 8600 material, but considerable 


Lae i 4 This specification was accepted by the Society and 
ag in “ 1950 Supplement to ASTM Book of Stand- 


ards, Part 1 
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disagreement has been encountered re- 
garding the carbon content range and the 
size ranges. 

During the past year this subcom- 
mittee developed a tentative revision of 
the Standard Specification for Heat- 
Treated Steel Elliptical Springs (A 147 - 
39) in the form of the Tentative Speci- 
fications for Heat-Treated Steel Leaf 
Springs, accepted by the Administrative 
Committee on Standards, as described 
previously in this report. 

The Standard Specifications for Steel 
Helical Springs (A 61) and for Steel 
Elliptical Springs (A 62) were recom- 
mended to be discontinued and this 
action also has received the approval of 
the Administrative Committee on Stand- 
ards. 


Subcommittee V on Steel Reinforcement 
Bars: 


At the June, 1949, meeting of Sub- 
committee V, various tentative revisions 
to Standard Specifications A 15, A 16, 
and A 160 for Billet Steel, Rail-Steel 
and Axle-Steel Bars for Concrete Rein- 
forcement were recommended. These 
recommendations, after letter ballot 
approval of Committee A-1, were ap- 
proved by the Administrative Committee 
on Standards, as explained previously 
in this report. 


Subcommiitee VI on Steel Forgings and 
Billets: 


Revisions in thirteen forging speci- 
fications unde. the jurisdiction of this 
subcommittee have been approved by 
the Administrative Committee on Stand- 
ards, as mentioned previously in this 
report. 

A Subgroup on Macroetch Testing 
has collected a number of photomacro- 
graphs illustrating various common de- 
fects encountered in etched cross-sections 
of steel forgings. It is expected that this 
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group will continue to collect photo- 
macrographs until a set can be as- 
sembled to illustrate each of the defects 
listed in the Tentative Method of 
Macroetch Testing and Inspection of 
Steel Forgings (A 317 — 48 T). 

The subcommittee has also appointed 
a special group to prepare methods for 
the ultrasonic testing of steel forgings. 

Changes are recommended in the 
Tentative Specifications for Carbon and 
Alloy Steel Forgings for Magnetic Re- 
taining Rings for Turbine Generators 
(A 288), for Carbon and Alloy Steel 
Forgings for Turbine Generator Rotors 
and Shafts (A 292), for Carbon and 
Alloy Steel Forgings for Turbine Rotors 
and Shafts (A 293), and for Carbon and 
Alloy Steel Forgings for Turbine Bucket 
Wheels (A 294), as outlined in the 
Appendix. 


Subcommitiee VII on Rolled Steel Wheels 
and Steel Tires: 


Subcommittee VII has developed 2 
proposed Tentative Specification for 
Heat-Treated Steel Tires, as appended 
to this report.’ Committee A-1 is recom- 
mending that this specification be ap- 
proved and published by the Society. 

The subcommittee also recommends 
that the Standard Specifications for 
Steel Tires (A 26) be reaffirmed in its 
present form. 


Subcommittee VIII on Steel Castings: 


A proposed specification for steel 
castings for steam turbine casings is 
being developed in Subcommittee VIII 
and is expected to be acted upon by 
Committee A-1 and the Society during 
1950. 

Various changes in the Tentative 
Specifications for Mild- to Medium- 
Strength Carbon-Steel Castings for Gen- 
eral Application (A 27), including raising 


ps in the 1950 Supplement to ASTM Book of 
Part 1. 


§ This specification was accepted by the Socio and 


the maximum permissible silicon content, 
and in the Tentative Specifications for 
High-Strength Steel Castings for Struc- 
tural Purposes (A 148), including chang- 
ing the yield requirement of grade 120- 
100, are under consideration. 

This subcommittee has recommended 
publication by the Society of a paper 
by H. A. Schwartz and W. K. Bock, en- 
titled “Reproducibility of Results of 
Tension Tests on Specimens Prepared 
from Cast Steel Coupons.” This reports 
work carried out as a research project 
of the Steel Founder’s Society.® 


Subcommittee IX on Steel Tubing and 
Pipe: 


Presently under consideration by this 
subcommittee is a proposed tentative 
specification for tubes for low-temper- 
ature applications and a _ proposed 
mechanical testing manual for steel 
tubing and pipe. 

Also recommended by Subcommittee 
IX is an editorial revision in Specifica- 
tions A 178, A 214, A 226, A 249, and 
A 250 for Electric-Resistance Welded 
Tubes, changing the section on the re- 
verse flattening test to read that the 
specimen be split 90 deg. from each side 
of the weld, instead of the present 180 
deg. Other editorial changes ‘are recom- 
mended in Specifications A 53, A, 83, 
A 161, A 179, A 199 and A 200, as out- 
lined in the Appendix. 

Two subgroups have been appointed 
to work in conjunction with similar sub- 
groups appointed by Subcommittee 
XXII. One subgroup will study and 
make recommendations in respect to 
changes in chemical requirements of all 
specifications for steel tubular products, 
and the other subgroup will study and 
clarify the descriptions for heat-treated 
lots. 
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Subcommittee XI on Steel for Boilers 
and Other Pressure Vessels: 


The Administrative Committee on 
Standards has accepted revisions during 
the past year in Tentative Specifications 
A 30, A 201, A 203, A 204, A 212, A 225, 
A 285, A 299, A 301 and A 302, as ex- 
plained previously in this report. 

During the past year Subcommittee 
XI has completed the rearrangement of 
its specifications, including the new 
proposed Tentative Specification for 
General Requirements for Delivery of 
Rolled Steel Plates of Flange and Firebox 
Quality, as explained previously in this 
report. 

Also under consideration are proposed 
specifications for 4 to 6 per cent chro- 
mium steel; 1 per cent chromium, } per 
cent molybdenum steel; and 2} per cent 
chromium, 1 per cent molybdenum 
steel. 


Subcommittee XIII on Methods of Test: 


The title of this subcommittee has 
been changed from ‘‘Methods of Physical 
Test” to “Methods of Test” to provide 
coverage for test procedures which may 
not be physical in nature. 

After reviewing the proposed Tenta- 
tative Methods and Definitions for 
Mechanical Testing of Steel Bars sub- 
mitted by Subcommittee XV on Bar 
Steels, this subcommittee recommends 
approval of the document, as appended.? 


Subcommitiee XV on Bar Steels: 


Subcommittee XV has approved and 
forwarded to Subcommittee XIII the 
proposed Tentative Methods and Defini- 
tions for Mechanical Testing of Steel 
Bars. 

The subcommittee is recommending 
changes in the Tentative Specifications 
for Hot-Rolled Carbon-Steel Bars (A 107) 
and for Cold-Finished Carbon-Steel Bars 
and Shafting (A 108) as covered in the 
Appendix to this report. 
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Now out to letter ballot of Committee 
A-1 are revisions in the Tentative 
Specifications for Medium-Carbon Steel 
Bars Subject to Mechanical Property 
Requirements (A 306) and editorial 
rearrangements of the Tentative Speci- 
fications for Heat-Treated Alloy-Steel 
Bars (A 286) for Alloy-Steel Rounds 
Suitable for Oil Quenching to End- 
Quench Hardenability Requirements 
(A 304), and for Hot-Rolled Alloy- 
Steel Bars (A 322). It is expected to sub- 
mit these to the Administrative Com- 
mittee on Standards subsequent to the 
Annual Meeting. 

A proposed tentative specification for 
cold-finished alloy-steel bars is now being 
prepared by the subcommittee. 


Subcommillee XIX on Sheet .Steel and 
Steel Sheets: 


Under review by the subcommittee 
are Tentative Specifications A 245 and 
A 246 for Structural Quality Carbon- 
Steel Sheets and the Tentative Speci- 
fications for Cold-Rolled Strip Steel 
(A 109). The review of Specifications 
A 245 and A 246 includes width and 
overweight tolerances of mill edge sheets. 
In Specifications A 109, the flatness 
tolerances are under discussion. 


Subcommittee XXII on Valves, Fittings, 
Piping and Flanges for High-Tem- 
perature and Subatmospheric Tem- 
peratures: 


Accepted by the Administrative Com- 
mittee on Standards on December 21, 
1949, was a revision of Tentative 
Specifications A 217 covering the ferritic 
grades of steels at present in Speci- 
fications A 217 and A 157. It is expected 
to develop specifications for the austen- 
itic grades so that the old Tentative 
Specifications A 217 and A 157, covering 
both ferritic and austentic grades, may 
be superseded by one specification cover- 
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ing ferritic and another specification 
covering austenitic grades. 

The subcommittee is recommending 
that the tentative revision of Standard 
Specifications A 234 be adopted as 
standard. This tentative revision covers 
a 1 per cent chromium, 4 per cent 
molybdenum grade of material to be 
used in welding fittings. 

Subcommittee XXII is also recom- 
mending that grades B4, B11, B12, B13, 
and B15 be deleted from the Tentative 
Specifications for Alloy-Steel Bolting 
Material for High-Temperature Serv- 
ice (A 193), as outlined in the Ap- 
pendix. Also being considered in the 
subcommittee are some changes in the 
Tentative Specifications for Alloy-Steel 
Bolting for Low-Temperature Service 
(A 320). 

Proposed tentative specifications for 
seamless and welded steel pipe for low- 
temperature service are being developed 
in Subcommittee XXII and will soon 
be in final draft form for letter ballot 
vote. 

The chairman of Subcommittee XXII 
has received a proposal on the possi- 
bility of formulating specifications for 
centrifugally cast steel pipe, both carbon 
and alloy steel. It has developed that 
Committee A-10 has received a similar 
request to cover high alloy grades and 
therefore a joint group has been ap- 
pointed of Subcommittee XXII and 
Committee A-10 members. 


Subcommitiee XXVI on Bolting: 


The title of this subcommittee has 
been changed from “common bolting” 
to “bolting” since its specification work 
had expanded beyond the scope of its 
old title. 

It is recommending revisions in the 
Tentative Specifications for Steel 
Machine Bolts and Nuts and Tap 
Bolts (A 307) as outlined in the Ap- 
pendix. 
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mittee on Standards on December 21, 
1949, were the Tentative Specifications 
for Quenched-and-Tempered Steel Bolts 
and Studs with Suitable Nuts and 
Plain Washers (A 325). The sub- 
committee is now recommending further 
revisions in these specifications which 
may be referred to the Administrative 
Committee later this year. 


Special Subcommitiee on Stainless Tubing 
Specifications: 


Various revisions are being con- 
sidered for the Tentative Specifications 
for Seamless and Welded Austenitic 
Seamless Steel Pipe (A 312) to make the 
specifications more suitable for Boiler 
Code work. 

A revision is recommended in the 
Standard Specifications for Seamless 
and Welded Austenitic Stainless Steel 
Sanitary Tubing (A 270), as outlined in 
the Appendix. The revision is also 
subject to favorable letter ballot of 
Committee A-10 before adoption. 


The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, N. L. Mochel. 

Vice-Chairman, H. B. Oatley. 

Vice-Chairman, T. G. Stitt. 

Secretary, J. S. Worth. 


letter ballot of the committee, which 
consists of 271 members; 195 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
N. L. Mocuet, 
Chairman. 


H. C. Larson, 
Secretary. 
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EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee A-1 presented to the Society 
through the Administrative Committee on Standards the following recom- 
mendations: 


New Tentative Specifications for: 


General Requirements for Delivery of Rolled Steel Plates of Flange and Firebox Quali- 
ties (A 20-50 T), and = 
Cold-Finished Alloy-Steel Bars (A 331 - 50 T). 
Boiler and Firebox Steel for Locomotives (A 30-49 T), 
Carbon-Silicon Steel Plates of Intermediate Tensile Ranges for Fusion-Welded Boilers and Other 
Pressure Vessels (A 201-49 T), 
Nickel-Steel Plates for Boilers and Other Pressure Vessels (A 203 - 49 T), 
Molybdenum-Steel Plates for Boilers and Other Pressure Vessels (A 204 - 49 T), 
High Tensile Strength Carbon-Silicon Steel Plates for Boilers and Other Pressure Vessels (Plates 
6 in. and Under in Thickness) (A 212 - 49 T), 
Manganese-Vanadium Steel Plates for Boilers and Other Pressure Vessels (A 225 - 49 T) 
Low and Intermediate Tensile Strength Carbon-Steel Plates of Flange and Firebox Qualities 
(Plates 2 in. and Under in Thickness) (A 285 - 49 T), 
High Tensile Strength Carbon-Manganese-Silicon Steel Plates for Boilers and Other Pressure 
essels (A 299-49 T), 
Steel Plates for Pressure Vessels for Service at Low Temperatures (A 300 - 47 T), 
Chromium-Molybdenum Steel Plates for Boilers and Other Pressure Vessels (A 301 - 49 T), 
Manganese-Molybdenum Steel Plates for Boilers and Other Pressure Vessels (A 302 - 49 T), 
Heat-Treated Alloy-Steel Bars (A 286-46 T), 
Carbon-Steel Bars Subject to Mechanical Property Requirements (A 306 - 47 T), and 
Hot-Rolled Alloy-Steel Bars (A 322-49 T). 


Revision and Reversion to Tentative of Standard Specifications for: 
Chromium-Manganese-Silicon (CMS) Alloy-Steel Plates for Boilers and Other Pressure Vessels 


(A 202 - 47), and 
Open-Hearth Iron Plates of Flange Quality (A 129 - 47). 


These recommendations were accepted by the Standards Committee on Sep- 


tember 26, 1950, and the new and revised tentative specifications appear in the 
1950 Supplement to Book of ASTM Standards, Part 1. 

On December 14, 1950, the following recommendations were accepted by the 
Administrative Committee on Standards: 


Revision and Reversion to Tentative of Standard Specifications for: 


Billet-Steel Bars for Concrete Reinforcement (A 15 - 39), 

Rail-Steel Bars for Concrete Reinforcement (A 16 - 35), 

Axle-Steel Bars for Concrete Reinforcement (A 160 - 39), and 

a a for the Deformation of Deformed Steel Bars for Concrete Reinforce- 
ment 305 — 49). 


The new tentative specifications appear in the 1950 Supplement to Book of 
ASTM Standards, Part 1, and are published as a group in a special pamphlet. 


The following recommendations submitted by Committee A-1 were accepted 
by the Administrative Committee on Standards on January 25, 1951: 
New Teniative Specifications for: 

Seamless and Welded Steel Pipe for Low-Temperature Service (A 333 - 50 T). 
Tentative Revision of Standard Specifications for: 


ope. and Alloy-Steel Nuts for Bolts for High-Pressure and High-Temperature Service 

194 - 48), 

ae 7 Wrought Carbon-Steel and Carbon-Molybdenum-Steel Welding Fittings 
(A 234 - 50 


), and 
Heat-Treated Carbon-Steel Bolting Material (A 261 - 47). asi Sy, ee 


Revision of Tentative Specifications for: 


¢ 
Alloy-Steel Bolting Materials for High-Temperature Service (A 193 - 49 T) 1) A 
Alloy-Steel Bolting Materials for Low-Temperature Service (A 320-49 4 
Structural Steel for Ships (A131-50T), 
Mild-to-Medium-Strength Carbon-Steel Castings for General Application (A 27 - 46 T), 
High-Strength Steel Castings for Structural Purposes (A 148 - 46 T), . . 
neral uirements for Delivery of Rolled Steel Plates of Flange and Firebox Qualities 
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- Carbon-Silicon Steel Plates of Entennafiate Tensile Ranges for Fusion-Welded Boilers 

___and Other Pressure Vessels (A 201 - 49 T), 

High Tensile Strength Carbon- Silicon Stel Plates for Boilers and Other Pressure Vessels 
___ (Plates 6 in. and Under in Thickness) (A 212 - 49 T), 

_ Boiler and Firebox Steel for Locomotives (A 30 - 49 T), 

_ Chromium-Manganese-Silicon (CMS) Alloy-Steel Plates for Boilers and Other Pressure Ves- 

(A 202-50 T), 

Low and Intermediate Tensile Strength Carbon-Steel Plates of Flange and Firebox Qualities 

(Plates 2 in. and Under in Thickness) (A 285 - 49 T), 
_ Nickel-Steel Plates for Boilers and Other Pressure Vessels (A 203 - 49 T), 
Molybdenum-Steel Plates for Boilers and Other Pressure Vessels (A 204-49 T), 

_ Manganese-Vanadium Steel Plates for Boilers and Other Pressure Vessels (A 225 - 49 7. ~- 
Chromium-Molybdenum Steel Plates for Boilers and Other Pressure Vessels (A 301 - 49 T), ¢ 
Manganese-Molybdenum Steel Plates for Boilers and Other Pressure Vessels (A 302 - 49 we 
Seamless Alloy-Steel Pipe for High-Temperature Service (A 158 - 49 T). 


Revision and Reversion to Tentative of Standard Specifications for: 
“a. Castings for Valves, Flanges, and Fittings for High-Temperature Service 
Seamless Alloy- Steel Boiler and Superheater Tubes (A 213 - 46), and 
Heat-Treated Steel Helical Springs (A 125 - 39). 


The new and revised tentatives together with the tentative revisions of the 
standards appear in the 1950 Supplement to Book of ASTM Standards, Part 1. 
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_ In this Appendix recommendations are 
given affecting certain specifications, 
both standard and tentative, covering 
various steel products. These specifica- 
tions appear in their present form in the 
1949 Book of A.S.T.M. Standards, 
1. 


New TENTATIVES 


The committee recommends the fol- 
lowing three new tentatives for publica- 
as tentative: 


Tentative Specification for Steel Sheet 

Piling: 

This specification is intended to fill 
the need for a purchase specification for 
carbon steel sheet piling of structural 
_ quality for use in the construction of dock 
_ walls, sea walls, cofferdams, excavations 


- and like applications. It is recommended 


that this specification, as appended 
hereto,’ be accepted for publication as 
tentative. 


_ Tentative Specification for Heat-Treated 
Steel Tires: 


Four classes of heat-treated carbon- 
steel tires are covered by this specifica- 
tion as follows: 

Class A, driving tires for locomotives 

in passenger service. 

Class B, driving tires for freight loco- 

motives and tires for trailer wheels. 

Class C, driving tires for switching 

locomotives, and tires for locomo- 


. 1 These new tentatives were accepted by the Society 
and appear in the 1950 Supplement to Book of ASTM 
Standards, Part 1. 
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tive trucks, tender trucks, trailer. 
and car wheels. 

Class D, driving tires for switching 
locomotives and heavily loaded 
trailer tires without brakes. 

It is recommended that this specifica- 

tion, as appended hereto,' be accepted 
for publication as tentative. 


Tentative Methods and Definitions for 
Mechanical Testing of Steel Bars: 


These methods and definitions have 
been developed to fill the need for a sin- 
gle document covering the various me- 
chanical testing methods applicable to 
steel bars. It is recommended that these 
methods and definitions, as appended 
hereto,' be accepted for publication as 
tentative. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
in the following eighteen tentatives: 


Tentative Specification for General Re- 
quirements for Delivery of Rolled 
Steel Plates, Shapes, and Bars for 
Structural Use (A 6-49 T): 


Title—Add the words “Sheet Piling” 
after the word “Shapes.” 

Section 1.—Add the words “sheet pil- 
ing” after the word “shapes”, and in the 
list of specifications add a reference to 
the new Tentative Specification for Steel 
Sheet Piling. 

Section 2—Add a new Paragraph (c) 
to read as follows, relettering the present 
Paragraph (c) as Paragraph (d): “(c) 
Sheet Piling.—Steel sheet piling consists 


- 
a 
00 


of rolled sections which can be inter- 
locked, so that a continuous wall is 
formed when individual pieces are driven 
side by side.” 

Section 5.—Add a new Paragraph (c) to 
read as follows, relettering the present 
Paragraph (c) as Paragraph +(d): “(c) 
Sheet Piling.—The weight of each steel 
sheet pile shall not vary more than 2} 
per cent from the theoretical or specified 
weight. The length of each steel sheet 
pile shall not vary more than 5 in. over, 
and shall not be less than the length 
specified.” 

Section 8(c).—Add the words “sheet 


TABLE I.—PERMISSIBLE VARIATION FROM FLATNESS FOR RECTANGULAR SHEARED MILL, 
UNIVERSAL MILL, CIRCULAR AND SKETCH PLATES. 
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exceed 2 per cent of the total surface 
area or length of that piece.” 

Section 9 (b).—Revise to read ‘(d) 
Shapes.—Structural shapes and sheet 
piling shall be marked with the heat 
number, manufacturer’s name, brand, or 
trade mark, size of section, length, and 
mill identification marks on each piece; 
except that small structural shapes with 
the greatest cross-sectional dimension not 
greater than 5 in. may be bundled for 
shipment with each lift marked or tagged 
showing the above listed identification.” 

Tables XI and XII.—Combine in one 
table with changes as shown in the ac- 


Variation from a Flat Surface for Widths, Lengths or 
Diameters, Given, in. 
Specified Thickness, in. 
pe Ib. per sq. ft. To 36, 36.t0 | 48 to| 60 to | 72 to | 84 to | 96 to | 108 to| 120 to 
mt py 60, | 72 96, | 108, | 120, | 144 
excl. | excl. | excl. | excl. | excl. | excl. excl, 
To 10.2, excl........... %|%1%/1 1% | 1% | 1 1% 
10.2 to 15.3, excl....... % % 4 % 1 1% 1% 1% 
15.3 to 20.4, excl....... 34 | 1 1% 
20.4 to 30.6, excl....... 5 1g 34 15% 1 
30.6 to 40.8, excl....... % 1% 1% 
40.8 to 81.6, excl....... A % % le % 5 1s 
81. % % % 3 
% % % % 1% 1 
5 34 %\1 | 1 1 
3 wa % 1 1 1 ; 1 1 
mi ji fa fa | 


Note 1.—The shorter dimension specified shall be considered the width and the permissible variation from flatness 


across the width shall not exceed the tabular amount for that dimension. 

Note 2.—The longer dimension specified shall be considered the length and the permissible variation from flatness 
along the length shall not exceed the tabular amount for that dimension. When the width or length exceeds 144 in. the 
variations shown for 144 in. apply for any 12 ft. 0 in. of the specified width or length. 

Nore 3.—The variations given in the above table apply to plates which have a specified maximum tensile strength 
of not over 72,000 psi., or equivalent hardness. For plates specified to higher tensile strength or hardness, the variations 


given in the table are customarily doubled. 


Note 4.—The above table and notes also cover the permissible variations for flatness of circular and sketch plates, 


based on the maximum dimensions. 


piling” after the words “structural size 
shapes” in two places. Change the per- 
missible depth of grinding for material 
2 in. and over in thickness from the 
present to read in. 

Add a new Item (3) to read as follows, 
renumbering subsequent items accord- 
ingly: “(3) The interlock of any sheet 
piling section may be conditioned by 
welding and grinding to correct or build 
up the interlock at any location not to 


companying Table I, renumbering sub- 
sequent tables accordingly. 

Table XIX.—Renumber as Table 
XVIII and revise the permissible varia- 
tions in thickness for material under } in. 
in thickness as follows: 


Variations from Thickness, _ 
Over and Under, in. 


Width, in. Present Proposed 
and woder.......... 0.006 0.007 
Over 1 to 2, incl...... 0.008 0.007 
Over 2 to 4, incl....... 0.010 0.008 


| 
f 


Table XX.—Renumber as Table XIX 
E and change the last line of the first col- 
umn from the present “Over 63 to 8 in., 
incl.” to read “Over 63 to 8} in., incl.” 
> Table XXV.—Renumber as Table 
XXIV and revise the heading of the 
fourth column from the present “10 ft. 
and under” to read “5 to 10 ft. excl.” 
In the headings for the fifth, sixth, 
seventh, and eighth columns change the 
word “incl.” to read “excl.” 


Tentative Specification for Stec! for 
Bridges and Buildings (A7-49T): 


Section 7 (a). —Change the present 
sliding scale figure for minimum elonga- 


tion in 8 in. of 
ten. str. 


= 


percent. 


Tentative Specification for Structural 
Silicon Steel (A 94-49 T): 

Section 2.—Revise Paragraph (6) to 
read “In the conditioning of surface im- 
perfections no welding shall be employed 

except as provided in Paragraph (c).” 
Add a new Paragraph (c) to read “(c) 
If agreed between the manufacturer and 
oe) the purchaser, welding may be used to 
a condition surface imperfections. In such 


case, the welding shall be done either 
with a welding electrode conforming to 
oo E 6015 or E6016 of the 
Tentative Specifications for Mild Steel 
Arc-Welding Electrodes (A.S.T.M. Des- 
_ ignation: A 233),? or the area to be welded 
shall be preheated to a temperature of 
2A not less than 212 F.” 
= Section 6.—In Paragraph (a) change 
the present sliding scale values for mini- 
mum in 8 in. and 2 in. from 


a 


1 500 000” “1 600 000” 
the present -— and —————— 
ten. str. ten. str. 
_ to read “16” and “17” per cent, respec- 
tively 


In Paragraph (c) change the present 
_ value for deduction from specified elonga- 


2 1949 Book of A.S.T.M. Standards, Part 1. 
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scale figure for ‘minimum ie in 


tion of “0.25 per cent for each 7g in.” 
to “0.125 per cent for each #5 in.” 

New Section a new Section 9 
titled ““Marking” to read “In addition to 
the standard marking as provided in 
Specification A6, material shall be 
marked with a color identification stripe 
on one end of each piece.” 


Tentative Specifications for Hot-Rolled 
Carbon-Steel Bars (A 107 — 49 T): 


Table I.—For all open-hearth free- 
cutting grades of steel change the maxi- 
mum permissible phosphorus content 
from the present “0.045” to read “0.040” 
per cent. 


Tentative Specifications for Cold-Fin- 
ished Carbon-Steel Bars and Shafting 
(A 108 — 49 T): 

Table I.—Revise as indicated above 

for Table I in Specifications A 107. 


Tentative Specification for Structural 
Steel for Locomotives and Cars 
(A 113 - 49a T): 


Table I.—Change the present sliding 
scale figure for minimum yield point of 
“0.5 tens. str.” to read as follows: 


27,000 psi., min. 


Change the present sliding scale figure 
for minimum elongation in 8 in. of 


“1 500 000" to read as follows: 


ten. str. 
ws 21 per cent, min. 
26 per cent, min. 


Change the present minimum elonga- 
tion in 2 in. for grade B from the present 
“22” to read “26” per cent. 

Reletter the present Footnote a as 


Tentative Specification for Structural 
Steel for Ships (A 131-49 T): 


Table I. —Change the present sliding 


i} 
> 


—— to read “21” 
ten. str. ad 


cent for structural steel and “23” per 
cent for rivet steel. 

Change the minimum elongation in 
2 in. for structural steel from the present 
“22” to “24” per cent. 

Add a Footnote a, referenced after the 
tensile strength requirements for struc- 
tural steel to read “The upper limit of 
72,000 psi. may be increased by 3000 psi. 
for material over 1} in. in thickness.” 
Reletter the present Footnote a as Foot- 
note 6. 


Tentative Specification for Structural 
Rivet Steel (A 141 — 49 T): 


Section 5 (a).—Change the present 
sliding scale figure for minimum elonga- 
tion in 8 in. of Saf to read “24” 

ten. str. 


per cent. 


Tentative Specifications for Alloy-Steel 
Bolting for High-Temperature Service 
(A 193 - 49 T): 


Section 1.—In Paragraph (6) revise the 
first sentence to read ‘‘Eleven grades are 
covered, including nine ferritic steels and 
two austenitic steels, designated BA, 
B5, B6, etc.” 

In Note 2 under Paragraph (d) in the 
first sentence change the word “sixteen” 
to read “eleven.” 

Tables I and II.—Delete alloys B4, 
B11, B12, B13 and B15 from these tables. 


Tentative Specification for 
Strength Structural Rivet 
(A 195 - 49a T): 


High- 
Steel 


Section 6 (a).—Change the present 
sliding scale figure for minimum elonga- 


to read 20” 


tion in 8 in. of 
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Tentative Specification for Low-Alloy 
Structural Steel (A 242 -49T): 


Table I.—Change the present sliding ; 


scale figure for minimum elongation in 


**1 500 000” 
8 in. of —————— to read as follows: 
ten. str. 
— El ion i in., 
3% to 34, incl............ 18 
Over “4 19 


Also for material over 1} to 2 in., 
incl., in thickness change the present 
“1 600 000” 


for 
ten. str. 


sliding scale figure of 


minimum elongation in 2 in. to read “22” 


per cent. 

Section 6 (c).—Revise as indicated 
above for Section 6 (6) in Specification 
A 94. 


Tentative Specification for Low and In- 
termediate Tensile Strength Carbon- 
Steel Plates of Structural Quality 
(Plates 2 in. and Under in Thickness) 
(A 283 — 49 T): 


Table I.—Change the present sliding 
scale figure for minimum elongation in 


500 

8 in. of — to read as follows: 
ten. str. 

23 per cent, min. 


Reletter the present Footnotes a and 
as Footnotes 6 and c, respectively, and 


add a new Footnote a, referenced after | 


the tensile strength requirement for 


grade D, to read “The upper limit of — 


72,000 psi. may be increased by 3,000 
psi. for material over 13 in. in thick- 
ness.”’ 


ie RECOMMENDATIONS Nh 8 3 
per cent. 


Tentative Specification for Low and 
Intermediate Tensile Strength Car- 
bon-Silicon Steel Plates for Machine 
Parts and General Construction 
(A 284-49T): 


Section 4.—Revise to read as follows: 


4. (a) Plates over 4 in. in thickness shall be 
treated to produce grain refinement either by 
normalizing or heating uniformly for hot form- 
ing. If the required treatment is to be obtained 
in conjunction with the hot forming operation, 
the temperature to which the plates are heated 
for hot forming shall be equivalent to and shall 
not significantly exceed the normalizing temper- 
ature. If the treatment of the plates is not 


specified to be done at the plate manufacturer’s 


plant, the testing shall be carried out in ac- 
cordance with Paragraph (0). 

(b) When a fabricator is equipped and elects 
to perform the required normalizing or fabricates 
by hot forming as provided in Paragraph (a), 
the plates shall be accepted on the basis of mill 
tests made on specimens heat treated in accord- 
ance with the purchaser’s order requirements. 
If the heat treatment temperatures are not in- 
dicated on the purchase order, the plate man- 
ufacturer’s shall heat treat the specimens under 
conditions he considers appropriate for grain 
refinement, and to meet the test requirements. 
The plate manufacturer’s shall inform the fab- 
ricator of the procedure followed in treating the 


_ specimens at the mill. 


(c) The purchaser shall indicate in his orders 
to the plate manufacturer whether the rolling 
mill or the fabricator shall perform the treat- 
ment of the plates. 

(d) When the plates are to be normalized at 
the plate manuiacturer’s plant, the mechanical 
properties shall be determined on specimens 
simultaneously.treated with the plates. 


Table II.—Change the present sliding 
“1 500 000” 


“1 600 000” 
ten. str. 


8 in. and 2 in., respectively, to read as 
follows: 


for minimum elongation in 


Area 
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Tentative Specification for Carbon and 
Alloy Steel Forgings for Magnetic Re- 
taining Rings for Turbine Generators 
(A 288 - 49 T): 


Table IIT.—Revise the heading of the 
third column from the present “Yield 
Strength (0.01 per cent offset), min., 
psi.” to read “Yield Strength (0.02 per 
cent offset), min., psi.” 


Tentative Specification for Carbon and 
Alloy Steel Forgings for Turbine Gen- 
erator Rotors and Shafts (A 292 - 
49 T): 


Table II I.—Revise as indicated above 
for Table III in Specifications A 288. 

Section 11 (a).—Delete the note under 
this paragraph. 

Section 12 (c).—Delete the entire 
paragraph. 


Tentative Specification for Carbon and 
Alloy Steel Forgings for Turbine Ro- 
tors and Shafts (A 293 —- 49 T): 


Table II I.—Revise Footnote a to read 
“At 0.2 per cent offset for class 1 and 
0.02 per cent offset for classes 2 to 6, 
inclusive.” 


Tentative Specification for Carbon and 
Alloy Steel Forgings for Turbine 
Bucket Wheels (A 294-49 T): 


Table II I.—Revise as indicated above 
for Table III in Specifications A 288. 

‘Section 15 (a).—Revise the first sen- 
tence of Item (J) to read “Forgings up to 
30 in., inclusive, in diameter may be 
group tested.” 


Tentative Specifications for Steel Ma- 
chine Bolts and Nuts and Tap Bolts 
(A 307 — 49 T): 


Table I.—Revise the heading of the 
third column from the present ‘Mean 
Thread Area, sq. in.” to read “Stress 
, Sq. in.” 


‘ 
> <= 
| 
‘ 
| 
Elongation 
min., min., 
per cent per cent 
27 
24 


Add the following sentence to Foot- 
note c: “No maximum specified for 
grade A.” 

Section 12.—Revise Paragraph (a) to 
read “‘Threads shall be the coarse thread 
series as specified in the latest issue of 
the American Standard for Screw 
Threads (A.S.A. No.: Bl. 1), having. . 

Revise the first sentence of Paragraph 
(6) to read “Bolt heads shall be unfin- 
ished, regular square, or regular hexago- 
nal, or heavy hexagonal in shape as re- 
quired, and dimensions shall conform to 
the latest issue of the American Standard 
for Wrench Head Bolts and Nuts and 
Wrench Openings (A.S.A. No.: B 18.2).” 

In Paragraphs (c) and (d) delete the 
year following the A.S.A. designation 
and insert the words “the latest issue of,” 
as done above for Paragraphs (a) and (6). 


ADOPTION OF TENTATIVE REVISION AS 
STANDARD 


Standard Specifications for Factory- 
Made Wrought Carbon-Steel and 


Carbon-Molybdenum-Steel Welding 
(A 234 — 44): 

The committee recommends adoption 
as standard of the tentative revision’, 
pertaining to the inclusion of a 1 per 
cent chromium, 0.5 per cent molybdenum 


grade of material, and its incorporation 
into these specifications. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


A-1 recommends that the 
following standard be revised as indi- 
cated and accordingly requests the 
necessary nine-tenths affirmative vote at 
the Annual Meeting in order that this 
recommendation may be referred to 
letter ballot of the Society. 


Standard Specifications for Seamless 
and Welded Austenitic Stainless Steel 
Sanitary Tubing (A 270 - 47): 

3 1949 Book of A.S.T.M. Standards, Part 1, p. 222. 
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Section 8 (b).—Revise to read “The 
wall thickness at any point shall not vary 
more than 123 per cent, over and under, 


from the average wall thickness speci- 
fied.” 


EDITORIAL REVISIONS 


Standard Specifications for Welded and 
Seamless Steel Pipe (A 53 - 47): 


Section 3.—In the table of chemical 
requirements change the column head- 
ing “Lap Welded” to read ‘Furnace- 
Welded” and insert a maximum phos- 
phorus requirement for acid-Bessemer 
steel of “0.11” per cent in that column. 


Standard Specifications for Lap-Welded 
and Seamless Steel and Lap-Welded 
Iron Boiler Tubes (A 83 — 46): 


Table I.—In the column for chemical _ 
requirements for alternate type B open- 
hearth iron delete the present require- _ 
ments for molybdenum and copper con- _ 
tents and add a Footnote c to the table, — 
referenced in these places, to read “Alter-— 
nate type B may be specified as shown, 
or with a minimum copper content of — 
0.20 per cent, or with a molybdenum ~ 
content of 0.05 to 0.15 per cent and a 
minimum copper content of 0.40 per 
cent.” 


Standard Specifications for Seamless 
Low-Carbon and Carbon-Molybdenum 
Steel Still Tubes for Refinery Service 
(A 161-46), and 


Standard Specifications for Seamless 
Intermediate Alloy-Steel Still Tubes 
for Refinery Service (A 200 — 46): 


In the tables covering permissible vari- 
ations in dimensions and weight of 
tubes add a Footnote referenced after 
the column headings ‘ ‘Outside Diameter, | 
in.” and “Wall Thickness, per cent cn 
to read “These permissible variations in 
outside diameter and wall thickness 

apply only to tubes, except internal upset 
tubes, as rolled or drawn, and per 


t 
a 4 
| 
i 


= 


@ 
- 
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swaging, expanding, bending, polishing, 
or other fabricating operations.” 


Standard Specifications for Electric- 
Resistance-Welded Steel and Open- 
Hearth Iron Boiler Tubes (A 178 — 47), 


Standard Specifications for Electric- 
Resistance-Welded Steel Heat-Ex- 
changer and Condenser Tubes 
(A 214 - 47), 

Standard Specifications for Electric- 
Resistance-Welded Steel Boiler and 
Superheater Tubes for High-Pressure 
Service (A 226 — 47), 


Standard Specifications for Welded 
Alioy-Steel Boiler and Superheater 
Tubes (A 249 — 47), and 


Standard Specifications for Electric- 
Resistance-Welded Carbon-Molyb- 
denum Alloy-Steel Boiler and Super- 
heater Tubes (A 250 - 47): 


In the section covering the reverse 
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flattening test change the requirement 
that the specimen be split 180 deg. from 
each side of the weld to read “90 deg.” 


Standard Specifications for Seamless 
Cold-Drawn Low-Carbon Steel Heat 
Exchanger and Condenser Tubes 
(A 179 — 46), and 


Standard Specifications for Seamless 

Cold-Drawn Alloy-Steel Heat-Ex- 
changer and Condenser Tubes 
(A 199 - 46): 


In the tables covering permissible 
variations in dimensions revise Notes 1 
and 2 as follows: 

Nole 1.—Revise the last sentence to 
read ‘The wall thickness of these tubes 
may vary plus 28 per cent, minus 0 per 
cent, from that specified. 

Note 2.—After the word “mandrel” 
revise to read “the wall thickness may 
vary plus 35 per cent, minus 0 per cent, 
from that specified; and the....” 


_ 


At the 1949 Annual Meeting of the 
Society it was the sad duty of the Vice- 
Chairman to report the sudden death 
of E. R. Young, who had served Com- 
mittee A-3 so faithfully and ably, first 
as secretary from 1940 to 1944 and then 
as chairman since 1948. The vacancy 
created by the demise of Mr. Young 
necessitated an interim election, and 
the officers elected to fill the unexpired 
terms were as follows: 


Chairman, J. S. Vanick. 
Vice-Chairman, C. O. Burgess. 
Secretary, H. W. Stuart. 


The 1950 election of officers for the en- 
suing term of two years resulted in the 
unanimous reelection of the officers 
mentioned above. 


In addition to the meeting of Com- 
mittee A-3 and several subcommittees 
at the 1949 Annual Meeting of the 
Society, the Advisory Committee and 
three subcommittees held meetings in 
Pittsburgh on March 2, 1950. The action 
taken at these two meetings, the Sym- 
posium on Testing Cast Iron with SR-4 
Type of Gage held at the 1949 Annual 
Meeting, and the Symposium on the 
Properties, Testing and Use of Gray 
Iron presented at the A.S.T.M. Pacific 
Area National Meeting in San Francisco, 
constitute the major accomplishments of 
Committee A-3 during the past year. 


RECOMMENDATIONS ACCEPTED BY 


4 THE ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee A-3 presented to the 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 


REPORT OF COMMITTEE A-3 


CAST IRON! 


ON 


Society through the Administrative Com- oJ 
mittee on Standards the following recom- 
mendations: 


Revision of Tentative Specifications for: 4 


Foundry Pig Iron (A 43-45 T), and 

Gray Iron Castings for Pressure-Containing 
Parts for Temperatures Up to650 F.(A278- an 
44T). 


These recommendations were accepted 
by the Standards Committee on Decem- 
ber 22, 1949, and the revised tentative = 
specifications appear in the 1949 Book | ; 
of A.S.T.M. Standards, Part 1. 


REAFFIRMATION OF STANDARDS 
The committee recommends that the 
following standards, which have stood 
for more than six years without revision, 
be reaffirmed and continued as such: - 


Standard Specifications for: 
Cast Iron Culvert Pipe (A 142 - 38), and 


Pipe Fittings (A 126-42). 


The following -two standards have 
stood for more than six years and will 
be reviewed at the Annual Meeting: 


Standard Specifications for: 


Cast Iron Pit-Cast Pipe for Water or Other — 
Liquids (A 44-41), and 
Cast Iron Soil Pipe and Fittings (A 74 - 42). 


New TENTATIVE 


The committee recommends for 


lication as tentative the Proposed 
Methods of Impact Testing of Cast Iron 
as appended to the 1949 Report of 
Committee A-3.? 

2 The new tentative was accepted by the Society and 


appears in the 1950 Supplement to Book of Standards, 
Part 1. 


These actions have been submitted 
to letter ballot of the committee, the 
results of which will be reported at the 
Annual Meeting.’ 


SUBCOMMITTEE ACTIVITIES 


Subcommittee I on Pig Iron (H. W. 
Stuart, chairman) completed in 1949 
a recommended revision of Specifica- 
tions A 43 for Foundry Pig Iron, includ- 
ing the expansion of the silvery pig iron 
grades. Subsequent to letter ballot ap- 
proval of Committee A-3, this revision 
was accepted by the Administrative 
Committee on Standards during 1949, 
as explained previously in this report. 

Subcommittee XV on Impact Testing 
(J. T. MacKenzie, chairman) has been 
responsible for developing the proposed 
Tentative Methods of Impact Testing 
of Cast Iron. 

Subcommitiee XXII on Elevated Tem- 
perature Properties of Cast Iron (J. S. 
Vanick, chairman) was responsible for 
the 1949 revision of Specifications A 278 
for Gray Iron Castings for Pressure- 
Containing Parts for Temperatures Up 
to 650 F. This action was approved by 
Committee A-3 and by the Administra- 
tive Committee on Standards. It was 
recommended in order to bring the 
specifications into accord with proposed 
action of the A.S.M.E. Boiler Code Com- 
mittee. 

Subcommitlee XXIV on Nodular Cast 
Iron—The chairman of Committee A-3 
at the "arch 2 meeting appointed T. E. 
Eagan as chairman of a new Subcommit- 
tee XX1\ on Nodular Cast Iron. The 
subcommittee membership is being or- 
ganized for an initial meeting during the 
Annual Meeting. 

Special Subcommitiees—A special sub- 
committee appointed at the 1949 Annual 
Meeting, with the aid of the A.S.T.M. 
staff, developed revised By-Laws for 


The letter ballot vote on these recommendations 
was favorable; the results of the vote are on record at 
ASTM Headquarters. 
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Committee A-3, which were approved 
by letter ballot of the committee. 

Another special subcommittee ap- 
pointed at the 1949 Annual Meeting 
studied the entire membership of Com- 
mittee A-3 and re-classified the members 
in accordance with the policy of the 
Society and the conditions now existing 
in the cast iron industry. This re-classifi- 
cation has been submitted to the entire 
membership for their information and 
approval. At present the committee is 
composed of 36 producers, 53 consumers, 
36 general interest members, and 4 con- 
sultants. 

Cooperation continues between the 
A.F.S. and the A.S.T.M. Test Bar and 
Chill Test Committees and reports which 
may lead to tentative specifications in 
the future have been exchanged. rl 

SYMPOSIUMS 

The Symposium on Testing Cast Iron 
with SR-4 Type of Gage, held at the 
1949 Annual Meeting, has been pub- 
lished by the Society, and it promises to 
become an important source of informa- 
tion on this method of testing throughout 
the cast iron industry and the engineer- 
ing profession in general.‘ 

The Symposium on the Properties, 
Testing and Use of Gray Iron at the 
A.S.T.M. Pacific Area National Meeting 
in San Francisco in October, 1949, in- 
cluded the following papers, which were 
very well received: 

“Mechanical Testing and Properties 
of Gray Cast Iron” by C. K. Donoho, 
American Cast Iron Pipe Co. 

“Development, Significance and Uses 
of Specifications for Cast Iron” by H. 
Bornstein, Deere and Co. 

“Automotive Cast Irons, Including 
Brake Drums” by R. G. McElwee, 
Vanadium Corporation of America. 

“Applications and Uses of Gray Iron 
Castings, Including Significance of Vari- 


4 Issued as a separate publication, STP No. 97, 1949. 
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ous Properties of Gray Cast Iron” by 
C. O. Burgess, Gray Iron Founders’ 
Society. 

This symposium developed consider- 
able discussion, and may lead to a greater 
interest on the West Coast in the proper- 
ties of cast iron as an engineering ma- 
terial. 


This report has been submitted to 
letter ballot of the committee, which 


5 These papers are appearing in some early 1950 issues 
of the magazine, The Foundry. 


On Cast IRON 


consists of 129 members; 93 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


J. S. VANICK, 
Chairman. 

C. O. BURGESS, 
Vice-Chairman. 
H. W. Stuart, 


Secretary. 
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_ Committee A-5 on Corrosion of Iron 

and Steel held a meeting on June 29, 
1949, during the Annual Meeting of the 
Society. This was the only meeting of 


_ the main committee during the year, al- 
_ though some of the subcommittees met 


on February 28, 1950, during the Spring 
Meeting of the Society. 

Since the last report two new members 
_ have been elected and sixteen members 
were lost through resignation, death or 
other causes. The total membership of 
_ the committee is now 116, of whom 52 are 
classified as producers, 36 as consumers, 
and 28 as general interest members. 

An election of officers was held with 
the result that T. R. Galloway was 
elected as chairman, and A. P. Jahn and 
E. F. Lundeen were elected first and 
second vice chairman, respectively, and 
H. F. Hormannas secretary. 


_ RECOMMENDATIONS ACCEPTED BY THE 


ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee A-5 presented to the 
_ Society through the Administrative 
Committee on Standards the following 
recommendations: 


New Tentative Specifications for: 


Zinc-Coated (Galvanized) High Tensile Steel 
Telephone and Telegraph Line Wire (A 
326 - 49 T). 


Revision and Reversion to Tentative of Standard 
Specifications for: 


Zinc-Coated (Galvanized) Iron or Steel Tele- 
phone and Telegraph Line Wire (A 111 - 43). 


1 Presented at the a Annual Meeting of the 
ee June 26-30, 1950 


REPORT OF COMMITTEE A-5 
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Specifications A 326-49T were pre- 
pared because of the advent of relatively 
high strength, low resistivity wire. Speci- 
fications A 111-43 were revised to con- 
form to commercial developments. 

These recommendations were accepted 
by the Standards Committee on January 
12, 1950, and the new tentatives appear 
in the 1949 Book of A.S.T.M. Standards, 
Part 1. 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following two tentatives, appended 
hereto,? be revised to include material 
coated in coils and be continued as tenta- 
tive: 

Tentative Specifications for: 
Zinc-Coated (Galvanized) Iron or Steel Sheets 

Coils and Cut Lengths (A 93 — 48 T), and 


Long Terne Iron or Steel Sheets, Coils and Cut 
Lengths (A 308 - 47 T). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation of the following tentatives 
without change 


q 
Tentative Specifications for: 


Lead-Alloy Coating (Hot-Dip) on Iron or Steel 
Hardware (A 267 46 T).*—These specifica- 
tions were first issued in 1942 as emergency 
specifications and were issued as tentative 
in 1944. Very little use is made of lead-alloy 
coated hardware at the present time and the 
need for these specifications in the future is a 
moot question. It is, therefore, desirable to 
retain them as tentative and to await future 
developments. 
2The revised specifications were accepted by the 

Society and appear in the 1950 Supplement to Book of 


Part 1 
Book of A. S.T.M. Part 1. 


Tentative Methods of: 


Test for Local Thickness of Electrodeposited 
Coatings (A 219 — 45 T).*—These methods are 
under the joint jurisdiction of Committees 
A-5 and B-8. Both committees recommend 
that these methods remain tentative. Cur- 
rent research and development work by the 
American Electroplaters Society and A.S.T.M. 
on measuring thickness of coatings has not 
been concluded and it is desired to keep these 
methods tentative until this work has been 
completed and the results can be included. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.‘ 


V on Total Immersion 
Tests ceased to exist actively several 
years ago, but circumstances prevented 
the preparation of a final report at that 
time. This report is appended hereto 
under the title “Final Report of Sub- 
committee V on Total Immersion Tests.” 

Subcommittee VII on Methods of Test 
(W. E. Buck, chairman) is studying re- 
visions of Standard Methods of Test for 
Weight of Coating on Zinc-Coated (Gal- 
vanized) Iron or Steel Articles (A 90-39) 
to include (1) the 1:1 Hydrochloric Acid 
Stripping Method for determination of 
the weight of coating, (2) to allow the 
use of circular coupons as weil as square 
coupons to agree with Specifications 
A 93-48 T and (3) to allow the use of rec- 
tangular test coupons (with rounded cor- 
ners having a maximum radius of } in.) 
if desired, provided they contain an area 
of 5.06 sq. in. (the minimum dimension 
of which must be 1.250 in.). 

The subcommittee is studying the re- 
actions of various zinc coatings (hot dip- 
ped, electrodeposited, heat treated, etc.) 
in copper sulfate solutions. 


ACTIVITIES OF SUBCOMMITTEES 


‘The letter ballot vote on these recommendations 
was favorable; the results of the vote are on record at 
STM Headquarters. 
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The investigation of the Hull-Straus- — 
ser type dropping test is continuing. 

The subcommittee is also studying | 
various types of gages for measuring ~ 
thickness of the coatings of non-magnetic 
materials applied to a ferous base. 

Subcommitiee XI on Sheet Specifica- — 
tions (E. F. Lundeen, chairman) pre- © 
pared the revisions to Specifications — 
A 93 and A 308, mentioned earlier in this | 
report, to include material coated in an 


need for revising the coating bend test in 
Specifications A93 to include heavier — 
gages in all weights of coatings. This sub- | 
committee is looking into the need for _ 
separate specifications for roofing sheets. _ 
As a first step, a draft of Specifications __ 
for Iron or Steel Roofing Sheets has been 
prepared which covers 1.25 -oz. coatings. — 
These specifications were discussed at 
the Spring Meeting and it was decided to — 
expand the draft to include other recog- 
nized weights of coating for roofing 
sheets. 

Subcommittee XII on Wire Shecifica- 
tions (P. E. Chisler, chairman) prepared _ 
the revisions to Specifications A 111, and _ 
new Specifications A326, mentioned 
earlier in this report. Work is presently 
in progress on the preparation of Speci- 
fications for Chain-Link Fence Fabric | 
Galvanized Before Weaving. The weights __ 
of coating for fabric galvanized before _ 
weaving will go beyond that now covered _ 
in Standard Specifications for Zinc- 
Coated Iron or Steel Chain-Link Fence 
Fabric Galvanized After Weaving 
(A 117-33). After work on the specifi- — ae 
cations for f4bric galvanized before weav- 
ing is completed, Specifications 
A 117 - 33 will be reviewed to determine | 
the need for increasing the weight of 
coating requirement. 

Subcommittee XIII on Hardware S peci- 
fications (B. J. Barmack, chairman) re- 
ports that some provision for weight of 
coating for pieces lighter than “Struc- 


| 
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tural” ‘steel shapes should be made in 
Specifications A 123 — 47 which now con- 
tain only one class of coating, namely, 
2.0 oz. minimum. Angles and channels 
of 1-in. or 1}-in. size, it is claimed, 
cannot take this weight of coating and 
Specifications A 153 for hardware are not 
exactly suitable for use on steel windows, 
for example. A study of this problem is 
currently being made. 

Specifications A 153-49 are being 
studied as to the need for including low- 
alloy high-strength steel, galvanized 
after fabrication. The necessity of use of 
low-alloy steel for pole-line hardware is 
being recognized by many utilities in 
view of high labor costs of replacement. 
The subcommittee is continuing to 
gather data on weights of coating on 
various classes of hardware. 

Subcommittee XIV on Sheet Tests 
(E. S. Taylerson, chairman)—The re- 
port of this subcommittee is appended 
hereto under the title “Report of Sub- 
committee XIV on Inspection of Black 
and Galvanized Sheets.” 

Subcommittee XV on Wire Tests (A. P. 


REPORT. OF A-S 


Jahn, chairman)—The report of this 
subcommittee is appended hereto under 
the title “Report of Subcommittee XV 
Covering 1949 Inspections on Field 
Tests of Wire and Wire Products.” 

Subcommittee XVI on Hardware Tests 
(A. Mendizza, chairmian.)—The report 
of this subcommittee is appended hereto 
under the title “Report of Subcommittee 
XVI on Field Tests and Inspections of 
Bare and Metallic Coated Hardware, 
Structural Shapes, Plates, Bars and 
Their Products.” 


This report has been submitted to 
letter ballot of the committee, which 
consists of 116 members; 73 members re- 
turned their ballots, of whom 42 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 


the committee, a 
R. Gattoway, 


H. F. HorMANN, 
Secretary. 


sy 


A brief summary of the activities of 
Subcommittee V since its organization 
might be of interest. 

Subcommittee V on Total Immersion 
Tests, of A.S.T.M. Committee A-5 on 
Corrosion of Iron and Steel, was organ- 
ized in 1919, making its first report in 
1920. It was organized primarily for the 
purpose of conducting immersion tests 
on the series of copper and non-copper 
steels which had been exposed to the 
atmospheres of Ft. Sheridan, Pittsburgh 
and Annapolis in 1916 and 1917. The 
test in Calumet Mine water was in- 
stalled in 1920 and those in Washington 
City water and Severn River brackish 
water in 1923. Earlier reports on these 
three immersion tests were published in 
the Committee A-5 reports which ap- 
peared in the Society’s Proceedings for 


1920, 1921, 1924, 1926, 1928 and 1930. 


A paper entitled “‘A Critical Study of 
the A.S.T.M. Corrosion Data on Un- 
coated Commercial Iron and Steel 
Sheets” was presented before the So- 
ciety by V. V. Kendall and E. S.Tayler- 


in 1929.! 


In 1927, sea water immersion tests 
were installed at Portsmouth, N. H., and 
Key West, Fla. Several attempts by 
various methods have been made to 
analyze the data statistically to de- 
termine if there were a significant dif- 


1 Proceedings, Am. 


Soc. Testing Mats., Vol. 29, pp. 
204-219 (1929). 


ference between copper and non-copper 
steel. However, when the data are con- 
sidered from the standpoint of types of 
steel, both for No. 22 and 16 gage, the 
effect of other elements, and the varying 
effects of location, the results indicate 
that any beneficial effect of copper under 
totally immersed sea water conditions is 
so small as not to be of commercial 
importance. 

In 1926, a 12-yr. exposure of some low- 
and high-copper seamless tubing at 
Portsmouth and at Key West showed no 
consistent effect of copper under sea 
water conditions. 

In 1931, a comprehensive investigation 
of the acid corrosion test was carried out. 
Specimens from the steels used in the 
atmospheric test, on which definite life 
figures had been obtained, were sent to 
five laboratories with definite directions 
for acid testing. The results showed no 
correlation between actual atmospheric 
life and acid-test results. Furthermore, 
the results from the five laboratories 
were inconsistent. The conclusion from 
this test was as follows: 


As a result of these experiments, it is con- 
cluded that an acid test conducted by the pro- 
cedure followed by the committee is not capable 
of consistent repetition. Further, the data from 
such an acid test should not be used to forecast 
the relative life of ordinary ferrous materials in 
the atmosphere. 


Report prepared by V. V. Kendall and 
E. S. Taylerson. 


FINAL REPORT OF SUBCOMMITTEE V ON TOTAL IMMERSION TESTS 
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REPORT OF SUBCOMMITTEE XIV ON INSPECTION OF BLACK AND 
GALVANIZED SHEETS 


The atmospheric tests of corrugated 
sheets at Annapolis, Md., Altoona, Pa., 
Brunot Island, Pittsburgh, Pa., Sandy 
Hook, N. J., and State College, Pa., were 
inspected in both April and October of 
1948 and April of 1949 and 1950. Spring 
inspections only will be made in the 
future. 

Table I shows failures of No. 22 gage 
black sheets at Annapolis (33.5 yr. 
exposure). 

Tables II, III, IV, and V bring the 
data given in the 1948 report up to date 
(24 yr.). 

The rack at Key West was inspected 
in 1949 and showed further development 
of the conditions described in former 
reports. 


In 1948, the committee decided to 


check the identity of the steel base of all 
the Y series of galvanized corrugated 
sheets. The results indicate that this 
group of sheets is from several heats of 
enough difference in composition to 
account for the observed inconsistencies. 
Consequently the data obtained from 
this mixed series may be misleading and 
should be ignored. 


This report has been submitted to 
letter ballot of Subcommittee XIV and 
unanimously approved. 


Respectfully submitted on behalf of 
the subcommittee, 


E. S. TAYLERSON, 
Chairman. 
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26 BY 30 IN. 


TABLE II.—LIFE OF CORRUGATED GALVANIZED AND BLACK SHEETS 


on April 22, 1926. 
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TABLE III.—LIFE OF CORRUGATED GALVANIZED AND BLACK SHEETS 


26 BY 30 IN. 


1926. 


ge, 
Un- 
coated 


No. 22 | 
Ga 


sq. ft.* 


0.75 oz. per 


No. 28 Gage, 


Years To 


| 


ysny 
sad 00T 


3ST | 


0.75 oz. per 
sq. 


Years To 


ysny 


ysny 3ST 


Pa., on April 21 


,| No. 22 Gage, 


1.25 oz. per 
sq. ft.* 


No. 22 


Years To 


nS 
| 


ysny 
rod 


ISNY IST | 


r 


1.5 oz. 
sq. 


Years To 


| 
== 


ISNY IST | 


r 


2.0 oz. 
og. 


No. 22 Gage, | No. 22 Gage, 


Years To 


ow 
| 
an 


ysny 
001 | 22 


ast | 


Exposed at Brunot Island, Pittsburgh, 


sq. 


2.5 oz. 


Years To 


ysny 
001 


ysny 


sq. ft.* 


No. 16 Gage, |No. 22 Gage, 
2.5 oz. per 


Years To 


ysny 
jad 001 | R= 


NY IST | ww 


Sheet 


ht is “‘oz. per sq. ft.” of sheet (both sides). 


et available. 


y 
Blown away or discarded due to mechanical damage. 


* Data not 
Coating weig 


a 
b 


4 
Per 
3113.0/15 
V (T) | 5.5]13.5]  * | 4.3] 9.5]22.0] 3.3]11.3]18.5] 3.3] 7.5]17.5) 2.0] 
(B) | 5.0/12.0) *(U) | 4.8]10.5/20.6] 3.3) 2.3] 4.5]13.5 2.5(U) 
5.3}12.5] * | 4.5]11.5) * | 3.3) 9.5/19.5) 2.5] 5.5/19.0] 2.0) 3.5/16.5] 2.3] 3.5]10.5] 3.0 y 
(B) 5.3}15.5] * | 4.8]11.5) * | 3.8) 8.5)22.5) 3.3] 2.0) 3.5]18.0] 2.3] 4.5/10.5 
T (T) | * | 6.3]13.5| * | 4.ol11.0] * | 3.3] 6.7] * | 2.5] 6.5]23.0] 2.3] 4.3]19.0] 2.0] 3.0l10.5| 9.0 
(B) | 5.8]13.5) * 8.5)15.5) | 4.5)11.0) * | 3.3) 8.5|22.0) 3.3] 6.0/24.0] 2.3] 4.5]19.5] 2.3] 4.3]12.5 ave 
Y (T) | 4.8/14.4) 11.5 | 4.5)11.5]19.0) 3.5/11.0]17.0) 3.5) 6.7/15.5] 3.3] 2.0] 4.3/20.0] 2.0] 3.8119.0] 2.0 
(B) | 5.5]16.5) 11.5 | 5.5)14.0/20.6) 4.5]16.5]14.0) 3.3] 8.3]17.5] 3.3) 2.3] 5.0/20.0] 2.3] 4.5) a 
S (T) | 4.3)15.5) * * | 4.5)10.5) * | 3.5) 7.4/19.0] 3.3) 5.5/21.5) 2.3] 4.8]14.5] 2.3] 3.3] 4.0] 3.3 
(B) | 5.3]15.5] * 7.0)18.5)24.0) 5.3]12.5) * | 3.8) 7.4/23.0} 3.3) 6.0/22.5| 2.3] 3.5]18.0] 2.3] 4.0] 4.3 
C (T) 4.3]12.0] | | 3.3]10.5} * | 3.3] 6.3] * | 2.0) 4.3] © 
(B) 8.5}18.5) * | 4.8)11.0] * | * | 3.3] 6.8) * | 2.3) 4.5/22.5 ol 
K (T) | 4.8|14.0) 5.5}15.0] * | 4.3/10.5) * | 4.0) 8.3] * | 3.3] 5.0) * | 2.3] 3.5] * | 2.3] 3.0114.5/16.5 5 
(B) | 5.3]15.5) * 7.3|16.5] * | 5.8]12.5) | 4.3) 8.5) * | 3.3) 6.5) * | 2.3] 4.0) * | 2.3] 3.5/14.5 
$.5}12.5] | 4.5] 9.51/21.5] 3.3] 7.3]18.0] 3.3] 300 b 
(B) 6.3}15.5} * | 5.8)12.5|22.0) 3.3] 7.3]13.0] 3.3) 6.0]19.5 
Aver- | 5.2/14.3 5.9114.4 4.6]11.7 3.5| 8.6 3.2] 6.1 2.2) 4.2 2.2| 3.7 4: 
7 
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REPORT OF SUBCOMMITTEE XIV or CommiTTEE A-5 


D AND BLACK SHEETS, 26 BY 30 IN. 
Exposed at Sandy Hook, N. J., on May 20, 1926. 


Fass | No. 16 Gage, | No. 22 Gage, |No. 22 Gage, | No. 22 Gage,| No. 22 Gage,| No. 22 Gage,| No. 28 Gage, ro 22 
a 2.5 oz. per 2.5 oz. per 2.0 oz. per 1.5 oz. per | 1.25 oz. per | 0.75 oz. per | 0.75 oz. per ue” 
) sq. ft.* sq. ft.* sq. ft. sq. ft.* sq. ft.* sq. ft.? sq. ft.* coated 
Sheet Years To Years To Years To Years To Years To Years To Years To 
3| § 3| § 3| § 3| § 3| § 3| § 
R (T) |13.4) * ° 18.41 ° * | 6.4/17.9] * | 7.4/14.4) * -| 5.9 
(B) |13.4) * ° ° * | 9.4/21.9 7.4|19.4) * | 6.9)15.9} 
V (T) |12.4/24.0 110.9)24.0) * | 9.9]19.4) * | 7.4/19.9) * | 6.4]19.4] | 5.4113.4] * 4.9(V 
(B) |10.9 *(U) |12.4/23.0) * |10.4/19.4) * | 6.9]20.4) * | 7.4/15.4) * | 4.5]11.0] * 5.4(U 
11.4 ° * | 7.4/18.4) | 6.9)15.4) * | 4.5]11.4] | 4.5]11.4/24.0] 5.9 
10.4) * * | 9.9/20.9) * | 7.4117.4) * | $.9]15.4) * | 4.5]/11.0] * | 6.4]12.0] 
T 12.4) * ° ° * | 9.9123.0) * | 6.9]17.9) * | 5.9)15.9] * | 4.5113.4) | 4.5]13.4]20.9] 6.4 
12.4/24.0) * * * | 9.9)19.4) * | 6.9)14.4) * | 5.4/15.4) | 4.5]11.0) * | 5.4]12.0] 
Lie (T) |10.9) * * 111.4/23.0]) * | 8.4] * | * | 6.4/16.4) | 4.5/11.0] * | 4.5]12.0/24.0] 3.4 
(B) |12.4) * > 03.4 ° * | 8.4/24.0) * | 8.4117.9) * | 6.9)13.4) © | 5.4/13.4] * | 4.5]11.41 * 
§ 10.44 * * | 9.9/21.4) * | 7.4/15.9) © | 5.9112.9) * | 4.5] 9.9] * | 4.5] 9.4]20.9] 9.9 
(B) |11.4) * * 112.4/23.0) * | 9.4/16.9) * | 7.4/15.4] * | 4.9] 9.4) * | 5.4) 9.4) 
11.4) * * | 8.4) * * | 7.4/19.4) * | 6.9]15.4) * | 4.5]/12.41 * 410.4 
(B) 18.4) * * | 9.4/24.0) * | * | 7.4/14.4) | 4.5]11.4) | 
K (T) |10.9 * | |11.4) * | |10.4]20.9) * | 8.4/15.9] © | 7.4]/13.9] * | 4.5] 9.4] | 
(B) 10.4] 132.0 ° * |11.4/23.0) | 8.4/17.4) * | 7.4]13.9]) * | * | 4.9110.0] 
Ww 13.4] * | * |11.4123.0] * | * | 4.9 
B 14.4) * * 111.4/21.9] * | 7.4119.4] | 6.4116.4) 
Aver- |11.8 13.1 9.9 7.6)17.9 6.8)15.2 4.8)11.3 4.9)11.1 
age 


* Data not yet available. 
* Coating weight is ‘oz. per sq. ft.” of sheet (both sides), 


TABLE V.—LIFE OF CORRUGATED GALVANIZED AND BLACK 
Exposed at State College, Pa., on April 23, 1926. 


K (T) 
(B) 


Aver- 
age 


No. 16 Gage, | No. 22 Gage,' No. 22 Gage,| No. 22 Gage, 
2.5 oz. per 2.5 oz. per | 2.0 oz. per 1.5 oz. pe 


| 
ge,, No. 22 Gage,’ No. 28 Gage, 


coated 


sq. ft.* sq. ft. sq. ft.* sq. f 
Years To Years To Years To Years To 
3) s |_| 
| 
24.0} * | *(U) 15.5 
20.5; * | * |22.5| * | * |17.5 
| | 
| 
22.5) * | * 117.5) | * |16.0 
* * 18.5 
| | 
124.0) * * (21.0 
| 17.0 


cent Rust 
cent Rust 
cent Rust 


ist Rust 
100 per 

ist Rust 
100 per 
Perforation 
ist Rust 
Perforation 


100 per 


| Years 


To 
Per- 
fora- 
tion 


* «| Perforation | 


= 


Min Sn Sm US OM un 


— 


—— OO 


* Data not yet available. 


7 ONS Coating weight is ‘‘oz per sq. 
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— 
o. 22 No 
25 oz. pe Ur 
sq. 
ue 
She i 
( 
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OF SU BCOMMI TTEE 


REPORT 


This report summarizes the results of 
the atmospheric corrosion tests on wire 
and wire products through 1949. De- 
tailed results are reported in the odd- 
numbered years, and reference to these 
earlier reports of Committee A-5 on 
Corrosion of Iron and Steel, which 
appeared in the Society’s Proceedings 
for 1939, 1941, 1943, 1945, 1947, and 
1949, will be helpful in studies of these 
exposure test results. 

The materials under test are mostly 
bare steel and zinc-coated wires and wire 
products, but copper-covered and lead- 
coated steel wires and chromium and 
chromium-nickel steel wires are also in- 
cluded. The coatings are expressed in 
weight terms of ounces per square foot 
of surface. For ready comparisons of 
coating thickness, 1 oz. per sq. ft. of 
surface may be considered as averaging 
0.0017 in. thick for zinc coatings, 0.0010 
in. thick for lead! coatings, and 0.0013 in. 
thick for copper coatings. 

Specimens. of wires and wire products 
have been exposed for about 13 yr. at 
eleven locations. The location of these 
sites and their general classification 
regarding atmospheres are as follows: 

1 The lead-coated wires in these tests were lead coated 


over a bonding coat of zinc. See Proceedings, Am. Soc. 
Testing Mats., Vol. 43, p. 87 (1943) for analyses of lead 


XV ON FIELD TESTS OF Ww IRE AND 
WIRE PRODUCTS 


(Covers 1949 INSPECTIONS) 


| General 
Test Location Type of 
Atmosphere | 


Remarks 


Pittsburgh, Pa..... | Severe In- On Brunot Island 


dustrial in the Ohio River 
about 2 miles 
| west of the city. 
Bridgeport, Com, Industrial | In the city. 
Sandy Hook, N. J.....| Seacoast | About 300 yd. from 
Atlantic Ocean, 
Santa Cruz, Calif.. Seacoast About 3 miles from 
Pacific Ocean. 
State College, Pa... Rural Central Pennsyl- 
vania. 
Latayette, Ind........., Rural Wabash River 
| Valley 
Ames, Iowa.......... | Rural Central Iowa. 
Manhattan, Kans... Rural 7 River Val- 
ey. 
Ithaca, N. Y.. Rural Central New York. 
College Station, ‘Tex...| Rural _—— 120 miles in- 
an 


Davis, Calif....... Rural About: 80 miles in- 


and. 


At each location, more than 900 speci- 
mens were exposed. These included short 
lengths of wire (42 in. long) and wire 
strand at all locations; farm field fence at 
nine sites; barbed wire at eight locations; 
and chain link fence at eight locations. 

The extent of corrosion is being 
measured by visual examination of all 
specimens at the test site and by tension 
tests on the unfabricated wire speci- 
mefis. Loss of weight tests on lengths of 
zinc-coated wire were completed earlier 
in this corrosion study and the results 
were reported in the above-mentioned 
Proceedings. During 1949 the Pittsburgh, 
Bridgeport, Sandy Hook, and State 


- 
| 
| 


On OF a AND Wire 


Location 9.20 | 0.25 | 0.35 
to | to to 
0.30 | 0.35 | 0.45 
ee 100R | 100R | 100R 
100R | 100R | 100R 
Bridgeport, Conn............ 100R  100R | 100R 
100R | 100R | 100R 
100R | 100R | 100R 
.| 100R | 100R | 100R 
Manhattan, Kans............ 40R 35R IR 
.| 100R | 100R | 100R 
Santa Cruz, EER: 20R 20R | SR 
Davis, Calif... 10R | 10R | G 


Coating Group, oz. per sq. ft. of Surface 


TABLE A.—CORROSION OF ZINC-COATED ATED WIRES AFTER 
APPROXIMATELY 13 YEARS’ EXPOSUR 

R = rust; Y = yellowed; G = gray; M = metallic; MG and GY = hton~al states; D = dark to exclusion of 

better observation; SR and SY = superficial R and Y;R + Y = 


indistinguishable proportions of R and Y; Gn = green; 
Br = brown; PHR and PHY = rust or yellowed i in pin holes. 


1.20 


TABLE B.—CORROSION CONDITIONS OF UN- 
FABRICATED WIRES CARRYING COATINGS 
OTHER THAN ZINC AFTER APPROXIMATELY 

13 YEARS’ EXPOSURE. 

R = rust; Y = yellowed; G = gray; M = metallic; 
MG and GY = intermediate states; D = dark to exclusion 
of better observation; SR and SY = superficial R and 
Y; R + Y = indistinguishable proportions of R and Y; 
Gn = green; Br = brown; PHR and PHY = rust or yel- 
lowed in pin holes. 


Conting and Corrosion- 
esistant Groups 
i.e! 18 per 
Location [28 2 to cent 
Coated - 2° mium 
cent 
| 
Pittsburgh, Pa. D D D) D D 
Sandy Hook, | | 
Bridgeport, 
onn. ..-| Gn GY GY GY MG 
State College, | 
....| Gn 100R+Y MG MG M 
Lafayette, Ind...; Gn) 80PHR M M M 
Ames, Iowa....| Br 25R SY SY SY 
Manhattan, | 
Kans. a 5R MG) MG M 
Ithaca, N. Y....| Br) 10R+Y SY SY M 
Santa Cruz, | 
Calif. . 30SR. 355R MG 
College Sta. | 
r | 99R+Y 80R+Y 5R+Y 
Devi, Calif... Br S 50SR! 20SR MG 


ow eight fl coating, 7 to 9 oz. per sq. ft. of surface. 
> Weight of coating, 1.4 to 1.9 oz. per sq. ft. of sur- 
face. 


—CORROSION CONDITIONS OF WIRE 
STRAND AFTER APPROXIMATELY 13 
"EARS’ EXPOSURE. 
R = rust; Y = yellowed; R+Y = 
proportions of R and Y; G = gray; M = met. silie; MG 
and GY = intermediate state; PHR, PHY = pin hole 
rusting or SR, SY = superficial, or yel- 
green; Br = brown; D 
soot) to the exclusion of a better h hed... 


Coating Group, oz. Zinc 
per sq. ft. of Surface 


1,03 to 


Bridgepo N. j. 


Manhattan, 


Santa Cruz. Calif. 


1.51 


1.32 to}1. 


*é 
0.45 | 0.50 | 0.60 | 0.70 | 0.80 | 
to | to to to | to to or a 
0.55 | 0.60 | 0.70 | 0.85 | 1.00 1.85 | more a a 
100R | 100R | 100R | 100R | 100R | 100R | 100R | 100R A 
100R | 100R | 100R | 100R | 100R 5R G 
100R | 100R | 100R | 100R | 100R | GY 
100R | 75R 60R 40R 10R GY G G ae - 
100R 100R | 9R| OR, GY) G| G 
30R | 40R 2R 1R G Gi_«¢ it: 
IR IR G G G G| MG — 
100R | 100R | 85R | 6OR | 20R| GY! G] MG © 
10R | iR | SR IR iR |; G G 
G| G| G| G|....| MG 
ead 
Location ated® 
0.93 | 1.17 | | 2.47 
100R |100R |100R |100R |100R+Y 
35R | 20R | 5R G | 100R+Y 
5R | GY} sR: 
G G G }100R+Y 
G| G| G]100PHR | 
G G G| 45R 
MG | MG | MG | 10R > 
le 
G G | MG 60SR oz. 
10R 
Davis, Calif........] G MG | MG | MG | 10R 
Weight of coating, 1.96 oz. per sq. ft. of surface. 


112 


REPORT OF SUBCOMMITTEE XV 0 


F COMMITTEE A-5 


‘TABLE C.—CORROSION CONDITIONS OF FENCE AFTER APPROXIMATELY 13 YEARS’ 


R = rust; Y = yellowed; R + Y = indistinguishable proportions of R and Y;G = gray; M = metallic; MG and GY = 
intermediate state; PHR, PHY = pin hole rusting or yellowing; SR, SY = superficial rust or yellowing; Gn = green; 


Br = brown. 
| 
ps a Coating Group, oz. Zinc per sq. ft. of Surface Cop- | _— 
r- Lead- | mium- 
Made 07 a — | 0.20 | 0.25 | 0.35 | 0.45 | 0.50 | 0.60 | 0.70 | Cov- | Coated | Nickel 
e.... ¢ eo to to to to | to | to or | ered* Steel 
J State College, Pa............... 100R | 100R | 100R | 100R 70R 60R G Gn 100R+Y MG 
/100R  100R | 100R 100R | 95R 65R 5R Gn 50PHR M 
are 100R | 100R 85R 30R 10R G G | Br 25R SY 
25R 30R GY GY G G MG Br 15R MG 
100R | 99R | WR | 75R | 6SR | 4OR | 1R Gn sR MG 
a eee 25R 25R 10R 10R IR 5R iR Br 40SR 5OR 
60R 50R 20R 5R 5R 5R G Br 15R 10SR 
Davis, Calif... IR| G| G| Br 40SR R 
@ Weight of coating, 3.97 oz. per sq. ft. of surface. in 
> Weight of coating, 1.83 oz. per sq. it. of surface. 


TABLE D.—CORROSION CONDITIONS OF pera Vine AFTER APPROXIMATELY 13 YEARS’ 


R = rust; Y = yellowed; R + Y = indistinguishable proportions of R and Y;G = gray; M = metallic; MG and GY = 


intermediate state; PHR, PHY = pin hole rusting or yellowing; SR, SY = superfici 


Br = brown. 


rust or yellowing; Gn = green; 


Location 


State College, Pa.. 


Lafayette, Ind....... 


Ames, lowa 
Manhattan, Kans. 
Ithaca, N. Y. 
Santa Cruz, Calif. 
College Sta., Tex... 
Davis, Calif. . 


0.20 «60.35 | 0.50 0.70 | 0.80 | 1.60 
to to to to to to 
0.30 0.45 | 0.6€0 | 0.85 1.00 | 1.80 
100R 100R | 6OR G GY | G 
-100R | 100R 99R 75R 10R | SR 
100R | 85R | 5R 1.8 G 
35R 5R GY MG MG | MG 
100R | 100R | 6OOR IR G G | 
25R 10R 5R G G! G 
70R 15R 5R G G G 
10R G G | MG | MG | MG 


2.00 
or 
more 


| Cop- 
r Lead 
Coated? 
ered® 
Gn 
Gn 5OPHR 
Br 20R 
Br SPHY 
Gn 10R 
| Br 30SR 
| Br 3R 
Br 25SR 


* Weight of coating, 3.97 


r sq. ft. of surface. 
> Weight of coating, 1.83 


oz. pe 
oz. per sq. ft. of surface. 


TABLE E.—CORROSION CONDITIONS OF CHAS Le FENCE AFTER APPROXIMATELY 13 YEARS’ 
S 
R = rust; Y = yellowed; R + Y = indistinguishable proportions of R and Y; G = gray; M = metallic; MG and 


GY = intermediate state; PHR, PHY = pin hole rusting or yellowing; SR, SY = superiicial rust or yellowing; Ga = 
green; Br = brown; D = dark (dirt or soot) to the exclusion of a better observation. 


Coating Group, oz. Zinc per sq. ft. of 
Surface Copper Lead 
Location Cov. | Coated* | Resis- 
0.29 to | 1.13 to | 2.09 to | 1.40 to | 4.21 ¥ - tant 
0.52¢ 1.22% 2.92% 1.97 mor 
Pittsburgh, Pa..... 100R | 100R | 100R | 100R |... D D 
Sandy Hook, N. J.. 85R G 100R GY Gn 5SOR+Y MG 
Bridgeport, Conn. 100R G 80R GY Gn Y MG 
State College, Pa. GY | G GY G Gn 100R+Y MG 
Lafayette, Ind............... 5R G GY | G Gn 100PHR M 
SS 4 as | GY MG GY GY Br 10R MG 
Santa Cruz, Calif...... ines MG MG | MG MG Br 35SR MG 
Davis, Calif. .. MG MG | MG MG Br 35SR MG 


* Coated before weaving. 
Coated after weaving. 
© Weight of coating, 8.52 oz. per sq. ft. of surface. 
4 Weight of coating, 1.75 oz. per sq. ft. of surface. 


=~ 
- . | Coating Group, oz. Zinc per sq. ft. of Surface 
a’ 
i 


# 


College specimens were inspected in the 
spring by a traveling committee. In- 
spections were made in the fall of 1949 
at the other test sites by the university 
people in charge of the test plots. 

The summarized inspection records of 
corrosion through 1949 are shown in 
Tables A and B for unfabricated wire 
specimens, Table C for farm field fence, 
Table D for barbed wire, Table E for 
chain link fence, and Table F for wire 
strand. 

Tensile strength tests were made on 


On Fretp Tests OF WIRE AND WIRE PRODUCTS 


113 selected specimens during 1949. Of 
these specimens 18 were taken from 
Sandy Hook, 26 from Bridgeport, and 69 
from Pittsburgh. These tensile strength 
data do not show any noticeable change 
from the rate of tensile strength loss 
previously reported. 


Respectfully submitted on behalf of 
the Wire Test Inspection Committee, 


A. P. 
Chairman 


>. « 


i 


‘OF BARE AND METALLIC- COATED HARDWARE, ‘STRUCTURAL 


SHAPES, PLATES, BARS, 


The data obtained in the routine 
annual inspection of two of the three 
remaining test locations have been 
assembled in Table I. These cover the 
period from April, 1948 to April, 1950. 
& view of the slow progress of corro- 


of the specimens still remaining 

on exposure, it has been decided to make 

a ee. annual spring inspections. This 

practice began in 1948. No inspection 

has been made at Key West since April 

1947. The last tabulated report for this 
— location appears in the 1948 Report.! 

Altoona and Brunot Island, Pa.—All 

tests at these locations have been dis- 


§ Report of Subcommittee XVI, Am. Soc. 
4; Testing Mats., Vol., 48, p. 119 (1948 

Report of Subcommittee VII, Am. Soc. 
Testing Mats., Vol. 44, p. 92 (1944). 


AND THEIR PRODUCTS 


continued. The last report is tabulated 
in the 1944 Report.’ 

State College, Pa., and Sandy Hook, 
N. J.—Only zinc-, aluminum-, and lead- 
coated specimens remain at these two 
locations. No appreciable changes have 
occurred at either site since the 1948 
Report.' The data for the last inspection 
(1950) are, in general, comparable to 
those obtained in 1947. Minor changes, 
in some instances indicating improved 
conditions, are probably more the result 
of variations amongst individual in- 
spectors than real changes in appearance. 


Respectfully submitted on behalf of 
the subcommittee, 
A. MENDIzza, 
Chairman. 
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Committee A-7 on Malleable Iron 
Castings held two meetings during the 
past year; at Atlantic City, N. J., 
on June 28, 1949, and in Chicago, IIL, 
on April 27, 1950. Subcommittee meet- 
ings were also held in Pittsburgh, Pa., 
on March 1, 1950. 

During the year the National Elec- 
trical Manufacturers’ Assoc. and the 
Maumee Malleable Castings Co. have 
discontinued their membership in Com- 
mittee A-7 and D. I. Brown has been 
substituted for T. W. Lippert as the 
representative of Iron Age. 

At the present time the committee 
consists of 57 members, of whom one 
is classified as “not voting”; of the 56 
voting members, 28 are classified as 
producers, 14 as consumers and 14 as 
general interest members. 

Committee A-7 is continuing its 
general interest in the project of working 
out some arrangement with the National 
Bureau of Standards by which a white 
iron sample will be added to the Bureau’s 
list of standard samples. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, W. A. Kennedy. 
Vice-Chairman, C. F. Lauenstein. 
Secretary, James H. Lansing. 


ADOPTION OF TENTATIVE AS STANDARD 


Tentalive Specifications for Pearlitic 
Malleable Iron Castings (A 220-48 T).? 
—These specifications have been in the 
process of development over a number 
of years and represent the consensus of 
all concerned in the field of production 

1 Presented at the Annual Meeting of the 


Society, June 26-30, 1 
$1949 Book of ASTM. Standards, Part 1. 


MALLEABLE-IRON CASTINGS! 


ON 


and use of pearlitic malleable iron. 
Some revisions, including the addition 
of a new grade 53004, were approved 
by Subcommittee IV at its meeting on 
March 1, 1950, and later received the 
approval of Committee A-7 on April 
27, 1950. 

The committee recommends that these 
specifications be approved for reference 
to letter ballot of the Society for adop- 
tion as standard, with the following 
revisions: 

Section 3 (a).—Revise to read “The 
tension test specimen made according 
to Section 4 shall conform to the 
minimum requirements as to tensile 
properties prescribed in Table I.” 

Revise the present tabular material to 
read as shown in the accompanying 
Table I. 


TABLE I.—TENSILE REQUIREMENTS.* 


Grade|Grade 
60003 | 70002 


Grade 
43010 


Grade 
48005 


Grade 
53004 


60 000 


.|43 000 
10 


70 000 
48 000 
5 


80 000 
53 000 
+ 


Yield “point or Yiel 
Strength, min., psi. 
Elongation in 2 
min., per cent.. 


ical Brinell hardness number ranges of the 
material in this table are as follows: 
te Brinell Hardness 
Number Range 


Grade 
163to207 
197to241 
241 to 285 


» It is recognized that higher tensile and higher yield 
strengths may be obtained from any of the grades of 
material in the table by the use of a conventional quench- 
and-temper treatment. 

Section 9.—Revise to read “All cast- _ 
ings shall be substantially free from 
massive (primary) cementite, primary 
graphite, shrinks, cold shuts, cracks, 
injurious porosity, or other defects 
making the castings unsuitable.’ 
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SPECIFICATION CONTINUED AS 
TENTATIVE 


Tentative Specifications for Malleable 
Iron Flanges, Pipe Fittings and Valve 
Parts (A277 -44T)2—The wording of 
these specifications, specifically Section 
3 (6), has been the subject of discussion 
for a number of years, both when the 
specifications were published as Emer- 
gency Specifications ES-20 from 1942 
to 1944 and subsequently, as they have 
stood unchanged during the past six 
years, as A 277-44 T. 

At the time of the Annual Meeting in 
1947, a special subcommittee (George 
E. Bean, chairman) was set up to study 
these specifications with the thought of 
resolving the differences in ideas, if 
possible. Although the recommendation 
made by this subcommittee, based on a 
report dated April 11, 1949, was that the 
tentative specifications be adopted as 
standard and this recommendation re- 
ceived a favorable majority of 23 for and 
10 against its support at the time of the 
Annual Meeting of June, 1949, it was 
decided to refer the specification back to 
the subcommittee for further consider- 
ation during the current year. 

By a vote of 6 for and 2 opposed, the 
subcommittee at its meeting of March 
1, 1950, again took action to recommend 
Specifications A 277 - 44 T for adoption 
as standard without change in wording. 
This recommendation received the sup- 
port of more than two-thirds of those 
who attended and voted at the meeting 
of Committee A-7 held in Chicago on 
April 27; at that meeting, 18 voted in 
favor, 7 were opposed and 4 did not 
vote. 

A subsequent letter ballot of the en- 
tire committee was taken, 29 voting in 
favor of adoption, 10 opposing such ac- 
tion and 10 not voting. Of the producers, 
18 were in favor, 8 were opposed, and 2 
did not vote. 

Although obtaining better than the 
required % favorable vote for adoption, 
the committee at its meeting on June 26, 
1950, deemed it wise to again defer ac- 


19 


tion on this matter, leaving 


A 277-44 T for another year without | ¢ 


change, with the thought of making a re- 
newed endeavor to work out something 
that will meet with the approval of all, 
or at least more nearly all, of the 
members. 

To this end, the chairman has been 
authorized to appoint a permanent sub- 
committee with the present special sub- 
committee as a nucleus to be known as 
the Subcommittee on Malleable Iron 
Castings for Valves, Flanges, and Pipe 
Fittings. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Air. Furnace, 
Electric, and Multiplex Malleable Iron 


(J. H. Lansing, chairman) has been 7 
giving consideration to two suggestions 
bearing on the wording of Specifications ; 


A 47-48 for Malleable Iron Castings. 
One has to do with a reported variation 
in wording between Specifications | 
A 47 — 48 and the A.A.R. Specifications — 
M 402 — 45 for Malleable Castings, — 
the possibility that an additional clause 
should be added to Specifications A 47. 
The other bears on the possible need for — oe 
a provision on production control and — 
maintenance of records. 
Subcommittee IV on Pearlitic and — 
Alloy Malleable Iron (C. F. Lauenstein, 
chairman) has completed consideration 
of Specifications A220-48T leading 
up to the recommendation that this 
specification be adopted as standard © 
as explained previously in this report. __ 


This report has been submitted to _ 
letter ballot of the committee, which 
consists of 57 members, one classified © 
as “not voting’ 36 members returned — 
their ballots, of whom 33 have voted 
affirmatively and 2 negatively. 


Respectfully submitted on behalf of — 
the committee, 


J. H. Lansine, 
Secretary. 
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vs FERRO-ALLOYS! 


Committee A- 9 o1 on Ferro-Alloys 
a meeting in Atlantic City, N. J., o 
June 29, 1949, and plans to meet = 
on June 28, 1950. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, W. C. Bowden, Jr. 

Vice-Chairman, C. M. Loeb, Jr. 

Secretary, G. F. Comstock. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee A-9 presented to the 
Society through the Administrative Com- 
mittee on Standards the following recom- 
mendations: 


New Tentative Specifications for: 


Ferroboron (A 323 - 49 T), and 
Ferrotitanium (A 324 — 49 T). 


Revision and Reversion to Tentative of Standard 
Specifications for: 


Molybdenum Salts and Compounds (A 146 - 39). 


These recommendations were accepted 
by the Standards Committee on August 
19, 1949, and the new tentative speci- 
fications appear in the 1949 Book of 
A.S.T.M. Standards, Part 1. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is recommending re- 
visions in three tentatives and seven 
standards, as itemized in the Appendix 


1 Presented at the third Annual Meeting of the 


to this report. These eens have 
been modified in accordance with the 
rounding-off method of the Tentative 
Recommended Practices for Designating 
Significant Places in Specified Limiting 
Values (E 29 - 49 T).? 

These actions have been submitted 
to letter ballot of the committee, the 
results of which will be reported at the 


Annual Meeting.’ 


Subcommittee I on Specifications (E. A. 
Lucas, chairman) recommended as edi- 
torial revisions various changes in the 
manner of expressing the chemical re- 
quirements of the seven standard speci- 
fications under the jurisdiction of 
Committee A-9. These revisions were in 
accordance with the rounding¢off method 
of Recommended Practice E 29 and 
were approved unanimously by Com- 
mittee A-9 letter ballot. 

However, due to the extent of the 
revisions and some question as to 
whether all the revisions were simply 
editorial, it was decided to resubmit 
the specifications to letter ballot with 
revisions as outlined in the Appendix 
to this report. Also included are re- 
visions in three tentative specifications 
to bring them in line with the standard 
specifications. 

Subcommitiee II on Sampling (W. C. 
Bowden, Jr., chairman) has met with 
representatives of Committee E-3 on 


21949 Book of A.S.T.M. Standards, Part 1. 

* The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 
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On FEerRRO-ALLOYS 


Chemical Analysis of Metals, Division 
S, in order to discuss sampling pro- 
cedures for ferroboron and ferrotitanium. 
These procedures will be included in the 
Standard Methods of Sampling Ferro- 
Alloys (E 32 —42).4 These methods now 
include procedures for sampling low- 
carbon ferrotitanium. 


This report has been submitted to 


4 1950 Book of A.S.T.M. Methods of Chemical Analysis 
of Metals. : 


letter ballot of the committee, which 
consists of 29 members; 24 members 
returned their ballots, of whom 19 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


W. C. BowDeEN, Jr., 


Chairman. 


G. F. Comstock, 
Secretary. 
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In this Appendix recommendations are 
given affecting certain specifications, 
both standard and tentative, covering 
various ferro-alloys. These specifications 
appear in their present form in the 1949 
Book of A.S.T.M. Standards, Part 1. 


REVISIONS OF TENTATIVES 


Specifications for Molybdenum Salts 
and Compounds (A 146-49T): 


Section 1.—Revise to read “These 
specifications cover standard grades of 
molybdenum salts and compounds.” 

New Section—Add a new Section 2 
to read as follows, renumbering sub- 
sequent sections accordingly: 

2. Basis of Purchase (a) The material shall 
be furnished in the form of molybdenum oxide, 
molybdic oxide briquets, and calcium molybdate. 

(6) The reported percentage of molybdenum 
as obtained by chemical analysis shall be used 
to determine the billing of the material to the 
purchaser. 

Table I.—Add Footnotes @ and 8b. 
Footnote a, referenced after the title 
of the table, shall read “For purposes 
of determining compliance with those 
specifications, the reported analysis shall 
be rounded off to the nearest unit in the 
last right-hand place of figures used in 
expressing the limiting value, in accord- 
ance with the rounding off method of 
the Tentative Recommended Practices for 
Designating Significant Places in Speci- 
fied Limiting Values (A.S.T.M. Designa- 
tion: E 29),?” 

Footnote 6, referenced after “‘Molyb- 
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denum, per cent” shall read “For 
purposes of determining the molybdenum 
content of any shipment, molybdenum 
shall be reported to the nearest 0.01 
per cent, applying the same rounding- 
off procedure as prescribed in Footnote 


a.” 


Specifications for Ferroboron (A 323 - 
49 T): 


Seclion 2.—Letter present section as 
Paragraph (a) and add a new Paragraph 
(b) to read “‘(b) The reported percentage 
of boron as obtained by chemical analysis 
shall be used to determine the billing of 
the material to the purchaser.” 

Table I.—Add Footnotes a and b 
as indicated above in Table I of Speci- 
fications A 146, Footnote }, referenced 
after “Boron, per cent,” shall read 
“For purposes of determining the boron 
content of any shipment, boron shall 
be reported to the nearest 0.01 per cent, 
applying the same rounding-off pro- 
cedure as prescribed in Footnote a.” 


Specifications for Ferrotitanium (A 324 — 
49 T): 


Section 2.—Revise as indicated above 
for Section 2 in Specifications A 323, 
except that in Paragraph (6) use the 
word “titanium” in place of the word 
“boron.” 

Table I.—Add Footnotes a and b 
as indicated above in Table I of Speci- 
fications A 146. Footnote b, referenced 
after ‘Titanium, per cent,” shall read 
“For purposes of determining the ti- 
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RECOMMENDATIONS ON STANDARDS FOR FERRO-ALLOYS 


tanium content of any shipment, ti- 
tanium shall be reported to the nearest 
0.01 per cent, applying the same round- 
ing-off procedure as prescribed in Foot- 


REVISION OF STANDARDS, 


IMMEDIATE ADOPTION 7 
Specifications for Spiegeleisen (A 98 or! 


note a.” 


TABLE I.—CHEMICAL REQUIREMENTS.* 


Grade A 


Grade B 


Grade C 


per cent 
Phosphorus, 

max., per cent.. 
Sulfur, 


6.5 

0.25 

0.05 


Silicon, per cent 


16.0 to 19. 


0)19.0 to 21.0 
6.5 
0.25 


0.05 


25.0 to 28.0 
6.5 
0.25 
0.05 


* For purposes of determining compliance to these s , c- 
ifications, the reported from analysis shall be rounde 


off 


to the nearest unit in the last right-hand place of figures 
used in expressing the limiting value, in accordance with 
the rounding-off method of the Tentative Recommended 
Practices for Designating Siaticent Places in Specified 


Limit ng Values (A.S.T 


Designation: E 29).1 


i 
For purposes of determining the manganese content 
of any shipment, manganese shall be reported to the 
nearest 0.01 per cent, applying the same rounding-off 
procedure as prescribed in Footnote a. 
© May be obtained containing silicon as follows: 1.0 
per cent, max., 1.0 to 2.0 per cent: 2.0 to 3.0 per cent; 


and 3.5 to 4.5 per cent. 


41): 

Section 2.—Letter present section as 
Paragraph (a) and add a new Paragraph 
(b) to read ‘‘(b) The reported percentage 
of manganese as obtained by chemical 
analysis shall be used to determine the 
billing of the material to the purchaser.” 

Section 3 (a).—Revise to read “The 
material shall conform to the require- 
ments as to chemical composition pre- 
scribed in Table I.” : 

Revise the chemical requirements now 
in this section to read as shown in the 
accompanying Table I. 


Specifications for 


(A 99 - 39): 


Section 2.—Revise as indicated above 


Ferromanganese 


TABLE Il.—CHEMICAL REQUIREMENTS.* 


Standard 


Medium Carbon 


Low Carbon 


Grade A 


Grade B Grade C Grade A | Grade B 


Manganese, per cent.°...... 
Carbon, max., per cent... . 
Phosphorus, max., per cent. 
Sulfur, max., per cent 
Silicon, max., per cent...... 


78.0 to 82.0 


80.0 to 85.0 | 80.0 to 85.0 | 80.0 to 85.0 
as specified 


as specified 
0.35 

0.05 

1.2 


80.0 to 85.0 | 80.0 to 85.0 
as specified? 0.75 
0.3 0.35 


0.05 
7.0 


as specified® 
0.35 


0.05 
2.5 


0.35 
0.05 
1.5 4 


0.05 
1.2 


nearest unit in the last right-hand 


* For purposes of determining compliance to these specifications, the 4 analysis shall be rounded off to the 
e 


rounding-off method of the Tentative 
Values (A.S.T.M. Designation: 


E 29).1 


lace of figures used in expressing t 
ecommended Practices for 


limiting value, in accordance with the 
esignating Significant Places in Specified Limiting 


For purposes of determining the manganese content of any shipment, manganese shall be reported to the nearest 
0.01 ox. applying the same rounding-off procedure as prescribed in Footnote a. 


ium-car 
4 Grade A low- 
0.15, and 0.10. 


n material may be obtained with the following maximum percentages of carbon: 3.0, 2.0, 1.5 and 1.0. 
carbon material may be obtained with the following maximum percentages of carbon: 0.75, 0.50, 0.30, 


TABLE III.—CHEMICAL REQUIREMENTS.* 


Grade A | Grade B 


Grade C 


Grade D Grade E Grade F Grade G 


Silicon, per cent®.... 
rbon, max., per 


Phosphorus, 
per cent.. 


90.0 to 95.0) 80.0 to 90.0 
0.15 
0.04 
0.05 


0.15 
0.04 
0.08 


0.15 
0.04 
0.05 


72.0 to 79.0 


14.0 to 18.0 8.0 to 14.0 
1.5 1.5 
0.06 0.06 
0.15 0.15 


47.0 to 52.0 
0.15 
0.04 
0.05 


25.0 to 30.0 
0.50 
0.04 
0.06 | 


* For purposes of determining compliance to these specifications, the reported analysis shall be rounded off to the 


nearest unit in the last right-hand place of figures used in expressing the limiting value, in accordance with the round- 
ing-off method of the Tentative Recommended Practices for Designating Significant Places in Specified Limiting Values 


(A.S.T.M. Designation: E 29). 


For 
cent, app 


1 


peoes of determining the silicon content of any shipment, silicon 
ying the same rounding-off procedure as prescribed in Footnote a. — 


1 per 


. 
| 
Manganese, per | 
| 
Carbon, max., 
= 
: 
| 
0.0 
J 7 
— 
7 
| 
al 


for Section 2 in Specifications A 98. 
Table I.—Revise to read as shown in 
the accompanying Table II. 


Specifications for Ferrosilicon (A 100 - 

39): 

Section 2.—Add a new Paragraph (c) 
to read as indicated above for Section 
2(b) in Specifications A 98, using the 
word “silicon” in place of the word 
“manganese.” 

Table I.—Revise to read as shown in 
the accompanying Table ITI. 


TABLE IV.—CHEMICAL REQUIREMENTS.* 


iw 
n Carbon 


Chromium, per cent” -0 to 75.0 
Carbon, per cent -0 max.© 
Silicon, max., per cent ¥y 1.5 


*¥For purposes of determining compliance to these 
specifications, the reported analysis shall be rounded off 
to the nearest unit in the last right-hand place of figures 
used in expressing the limiting value, in accordance with 
the rounding-off method of the Tentative Recommended 
Practices for Designating Significant Places in Specified 
Limiting Values (A.S.T.M. Designation: bk 29).1 
For purposes of determining the chromium content 

of any shipment, chromium shall be reported to the nearest 
0.01 per cent, applying the same rounding-off procedure 
as prescribed in Footnote a. 

© May be obtained with the following maximum per- 
omnes of carbon: 2.0, 1.0, 0.50, 0.20, 0.15, 0.10, 0.06, 
and 0.04. 


Specifications for Ferrochromium 


(A 101 — 42): 


Section 2.—Add a new Paragraph (c) 
to read as indicated above for Section 
2(6) in Specifications A 98, using the 
word “chromium” in place of the word 
“manganese.” 

Section 3 (a).—Revise as indicated 
above for Section 3 (a) in Specifications 
A 98, with 2 new Table I to read as 
shown in the accompanying Table IV. 


for Ferrovanadium 


(A 102 - 39): 


Section 2.—Revise as indicated above 
for Section 2 in Specifications A 98, ex- 
cept that in Paragraph (b) use the word 


“vanadium” 
“manganese.” 


in place of the word 


TABLE V.—CHEMICAL REQUIREMENTS.* 


Section 3 (a).—Revise as indicated 
above for Section 3 (a) in Specifications 
A 98, with a new Table I to read as 
shown in the accompanying Table V. 


Specifications for 


(A 132-39): 


Section 2.—Revise as indicated above 
for Section 2 in Specifications A 98, 
except that in Paragraph (6) use the 
word “molybdenum” in place of the 
word “manganese.” 


Ferromolybdenum 


Grade A Grade B Grade C 


30.0 to 40.0 35.0 to 45.0.35.0 to 45.0 
3.5 0.50 
0.25 0.10 
0.40 0.20 0.10 
13.0 3.5 1.2 
1.5 1.5 1.2 


0.20 
0.10 


Phosphorus, 
max., per cent.. 
Sulfur, max., per 


*For purposes of determining comelignte to these 
specifications, the reported analysis shall be rounded off 
to the nearest unit in the last right-hand place of figures 
used in expressing the limiting value, in accordance with 
the rounding-oft method of the Tentative Recommended 
Practices for Designating Significant Places in Specified 
Limiting Values (A.S.T.M. Designation: E 29).! 

For purposes of determining the vanadium content of 
any shipment, vanadium shall be reported to the nearest 
0.01 per cent, applying the same rounding-off procedure 
as prescribed in Footnote a. 


Section 3 (a).—Revise as indicated 
above for Section 3 (a) in Specifications 
A 98, with a new Table I to read as 
shown in the accompanying Table VI. 


Specifications for Ferrotungsten (A 144 — 
38): 


Section 2.—Revise as indicated above 
for Section 2 in Specifications A 98, 
except that in Paragraph (0) use the 
word “tungsten” in place of the word 
“manganese.” 

Section 3 (a).—Add a Footnote a 
after the list of chemical requirements, 
referenced after the words “chemical 
composition,” to read the same as 
Footnote a in the new Table I of Speci- 
fications A 98. 
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TABLE VI.—CHEMICAL REQUIREMENTS.* 


Grade A Grade B 


Molybdenum, per cent” | 55.0 to 70.0) 55.0 to 70.0 
Carbon, max., per cent 5 0.25 


Phosphorus, max., per cent. .| -1 
Sulfur, max., per cent : 
Silicon, max., per cent i 

pper, max., per cent...... 


5 
0 


* For purposes of determining compliance to these 
specifications, the reported analysis shall be rounded off 
to the nearest unit in the last right-hand place of figures 
used in expressing the limiting value, in accordance with 
the rounding-off method of the Tentative Recommended 
Practices for Designating Significant Places in Specified 
Limiting Values (A.S.T.M. Designation: E 29).! 

> For purposes of determining the molybdenum con- 
tent of any shipment, molybdenum shall be reported to 
the nearest 0.01 per cent, applying the same rounding-off 
procedure as prescribed in Footnote a. 
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Add a Footnote (6) referenced after 
“Tungsten, per cent” to read “For 
purposes of determining the tungsten 
content of any shipment, tungsten shall 
be reported to the nearest 0.01 per cent, 
applying the same rounding-off pro- 
cedure as prescribed in Footnote a.” 

Revise the required tungsten content 
range from the present “70.00 to 80.00” 


to read “70.0 to 80.0” per cent, as © 


specified. Revise the maximum silicon 
content from the present “1.00” to 
read ‘‘1.0” per cent. 
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REPORT OF COMMITTEE A-10 


ON 


Committee A-10 on Iron-Chromium, mium-Nickel Alloy Castings for General 
[ron-Chromium-Nickel, and Related Al- Application (A 297 ~ 49 T). 


loys held meetings at Atlantic City, 


N. J., on June 29, 1949, during the cepted by the Standards Committee on 
Annual Meeting of the Society, and on p-omber 21 1089, and. the 


March 2, 1950, at Pittsburgh, Pa. tentative specifications appear in the 


The committee expresses its regret 
at the demise of W. G. Conant, alternate se Pt of A.S.T.M. Standards, 


representative of the General Electric 
Co. 

R. H. Heyer has replaced T. F. Olt 
as Committee A-10’s representative on 
Committee E-1, Subcommittees IT, ITI, The committee recommends for im- 
IV and VII. mediate adoption revision of the follow- 

The present committee consists of ing standard and accordingly asks for 
88 members, of whom 42 are classified a nine-tenths affirmative vote at the 
as producers, 33 as consumers, and 13as Annual Meeting in order that these 
general interest members. recommendations may be referred to 

The election of officers for the ensuing letter ballot of the Society. 
term of two years resulted in the selection Standard Specifications for Seamless 
of the following: and Welded Austenitic Stainless Steel 

Chairman, Jerome Strauss. ia a Sanitary Tubing (A 270 - 47): 

Vice-Chairman, L.L.Wyman. 


< Section 8 (b).—Change to read as follows: 
Secretary, M. A. Cordovi. (6) The wall thickness at any point shall not 


RECOMMENDATIONS ACCEPTED BY THE vary more than 12} per cent, over and under, 
ADMINISTRATIVE COMMITTEE from the average wall specified. 


On STANDARDS The recommendation appearing in this 
Subsequent to the 1949 Annual Meet- report has been submitted to letter ballot 
ing, Committee A-10 presented to the of the committee, the results of which will 
Society through the Adminis'rativeCom- be reported at the Annual Meeting? 
mittee on Standards the following recom- 


mendations: a: ACTIVITIES OF SUBCOMMITTEES 


Revision of Tentative Specifications for: ae Subcommittee I on Classification of Data 
Corrosion-Resistant Iron-Chromium and I[ron- (F. P. Peters, chairman).—Since the 


Chromium-Nickel Alloy Castings for General ° 
Application (A 296-49 T), and last Annual Meeting this subcommittee 


Heat-Resistant Iron-Chromium and Iron-Chro- has completed its editorial work on 
cepeepamcerean 2 The letter ballot vote on this recommendation was 


1 Presented at the Fifty-third Annual Meeting of the favorable; the results of the vote are on record at ASTM 
Society, June 26-30, 1950. Headquarters. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


IRON-CHROMIUM, IRON-CHROMIUM-NICKEL AND RELATED ALLOYS! 
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On IRon-CHROMIUM, 


the compilation of Data on Wrought 
and Cast Heat- and Corrosion-Resisting 
Steels and forwarded it to Society 
Headquarters for publication. The com- 
pilation of data has been published and 
is available as Special Technical Publica- 
tion No. 52a. 

Subcommittee IV on Methods of Cor- 
rosion Testing (F. L. LaQue, chairman).— 
The* most important activity of sub- 
committee IV during the past year was 
the Symposium on Evaluation Tests for 
. Stainless Steels held at the Annual Meet- 
ing of the Society in June, 1949, in 
Atlantic City. This Symposium included 
ten papers and attracted as discussers 
‘ several other outstanding authorities 
on the properties of. stainless steels. 
The combined papers and discussions 
are available as a special publication of 
the Society’ which represents an im- 
portant addition to our knowledge of 
these alloys. 

As an outgrowth of this Symposium, 


. studies are under way to standardize 
. further certain details of the acid copper 
e sulfate test and the nitric-hydrofluoric 
0 acid test. In addition, data are being 

accumulated looking to the revision of 
7 the Tentative Recommended Practice 


for Boiling Nitric Acid Test for Corro- 
sion-Resisting Steels (A 262 - 44 T) so 
as to permit the use of apparatus for 
exposing a large number of specimens in 
a single container, as described in the 
Symposium paper by DeLong.* 

A special sub-group was organized 
under the chairmanship of E. G. Holm- 
berg to survey methods for the cleaning 
of vessels to eliminate surface contamina- 
tion or foreign metal and scale con- 
tamination, etc. after fabrication. This 
group will also explore suitable methods 
for inspection after such cleaning treat- 
ments. 


* Issued as a separate publication, STP No. 93, 1949. 
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Subcommittee IV is cooperating with 
a special committee of the High Alloys | 
Committee of the Welding Research | 
Council under the chairmanship of H. 
M. Brown. This committee is arranging 
for the preparation and subsequent long- 
time plant-corrosion testing of a large 
number of welded specimens of several] 
compositions of stainless steel given 
various heat treatments. The plant tests 
will be made in many environments and 
the results will be correlated with labora- 
tory evaluation tests. 

The long-planned atmospheric cor- — 
rosion testing program is still activeand 
just as soon as a few final details can be * 
cleared the accumulation and prepara- 
tion of specimens for exposure will be 
begun. 

Subcommittee V on Mechanical Testing 
(R. H. Heyer, chairman).—The results _ 
of the subcommittee’s investigations 
on the effect of speed of testing on tensile 
properties of austenitic stainless steels : 
were published in the A.S.T.M. Bure 
LETIN of May, 1949, with a discussion in a 
the December, 1949, issue. 

At the March 1, 1950, meeting of the 
subcommittee in Pittsburgh it was con- 
cluded that the elapsed-time method and 
the rate-of-strain method of controlling 
speed of testing have merit, and that 
additional data are now needed to es- 
tablish speed limits for the austenitic 
grades. Both of these methods of control 
will be used in tests designed to give this 
information. These tests will be carried 
out under carefully controlled conditions 
by two manufacturers of testing equip- 
ment. 

The data on yield strength determina- 
tion which were obtained in the fourth 
round robin were discussed in detail at the 
March 1 meeting. Limitations in equip- 
ment and testing technique and differ- 
ences in interpretation of data were 
evident. Further work on this phase of 
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tension testing is included in the test 
program mentioned above, which is 
under the chairmanship of R. A. Lincoln. 

Subcommittee VI on Metallography 
(Russell Franks, chairman).—The work 
of this subcommittee on the determina- 
tion of etching procedures for identifica- 
tion of the sigma phase in certain stain- 
less steels has made considerable prog- 
ress during the past year. 

This work is being done on 18-8 steels 
with and without molybdenum. There 
are three steels involved: one which 
represents the type 304 (18-8) steel 
without molybdenum; one in which the 
18 per cent chromium steel contains 
about 94 per cent nickel with 3} per cent 
molybdenum; and one in which the 18 
per cent chromium steel contains 13} 
per cent nickel and about 3} per cent 
molybdenum. The steels have been held 
at temperatures between 1200 and 1500 
F. and tested for impact toughness 
after exposure periods extending up to 
500 hr. The results of the impact tests 
and the metallography work done on the 
fractured samples has shown that sigma 
phase does develop in the molybdenum- 
bearing chromium-nickel steels and that 
when substantial quantities of this phase 
are present the steels lose toughness to a 
very great extent. A foolproof etching 
procedure has not been developed to 
identify the sigma phase (without re- 
sorting to X-ray diffraction testing), 
but it is anticipated that within the 
coming year such a procedure will be 
developed that can be successfully used 
on stainless steels of known compositions. 

Subcommittee VIII on Specifications 
for Wrought Products (J. K. Findley, 
chairman).—R. B. Gunia, who has been 
acting as temporary chairman of this 
subcommittee, reported the subcom- 
mittee had under consideration certain 
changes in Specification A 276 which 
would include the addition of type 430-F 


grade. A surface hardness test is under 
consideration for use in connection with 
this specification, also. 

Subcommittee IX on Specifications for 
Flat Products (H. A. Grove, chairman).— 
This subcommittee hasunder considera- 
tion the shape and size of tension test 
specimens for plate over 3 in. in thickness 
and is also considering certain changes in 
Specification A 240, requested bye the 
A.S.M.E. Boiler Code Committee. 

Subcommittee X on Specifications for 
Castings (J. J. Kanter, chairman).— 
This subcommittee carried out some 
matters by correspondence in connection 
with Specifications A 296 and A 297 
during the year, which resulted in re- 
vision of these as mentioned earlier, and 
also reviewed a TAPPI Specification 
E-400 s-43, covering chromium-nickel- 
iron castings for sulfite paper pulp pro- 
cessing, and made recommendations 
pertaining thereto the Technical As- 
sociation of the Pulp and Paper Industry. 
The subcommittee has now under study 
the problem of specifications for high- 
alloy centrifugal pipe castings and has 
appointed a task group under the chair- 
manship of W. F. Hodges to study 
this matter. 

Subcommittee XI on Specifications for 
Tubular Products (J. J. B. Rutherford, 
chairman)—This subcommittee, cooper- 
ating in a joint A-1—A-10 Subcommittee 
on Stainless Steel Tubing Specifications, 
has under consideration modification of 
the Tentative Specifications for Seam- 
less and Welded Austenitic Stainless 
Steel Pipe (A 312-—48T), which was 
unsatisfactory for use under the AS. 
M.E. Boiler Construction Code. A ballot 
on the changes required to make this 
specification acceptable is under way in 
the subcommittee and will be submitted 
to Committee A-10 for approval when the 
subcommittee’s recommendations are re- 
ceived. 
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On Iron-CHRomiuM, [IRON-CHROMIUM-NICKEL AND RELATED ALLOYS 


This joint subcommittee has under 
the wall 
requirements in A.S.T.M. 
Specification A 270 for sanitary tubing 
which will likely result in having an over 
and under tolerance rather than the 
present stipulation wherein the wall 
thickness at any point shall not be less 
than 87.5 per cent of the specified 


average wall thickness. 


consideration a change in 
thickness 
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This report has been submitted to © 


letter ballot of the committee, which — 
returned their ballots, of whom 48 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


JEROME STRAUSS, 
Chairman, 


H. D. NEWELL 
Secretary. 
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Committee B-1 on Wires for Electrical 
Conductors held two meetings during the 
year, both at the Society’s Headquarters 
in Philadelphia: one on January 20, 1950, 
and one on April 12, 1950. Meetings of 
the Advisory Committee and of Sub- 
committees II, IV, and VII also were 
held during the year. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, H. H. Stout, Jr. 

Vice-Chairman, W. R. Hibbard. 

Secretary, A. A. Jones. 

Election of members-at-large of the 
Advisory Committee resulted in the 
selection of the following: G. W. Acock, 
G. H. Harnden, W. F. Markley, J. L. 
Thomas, and J. R. Thompson. 

The subcommittee organization re- 
mains unchanged, except that B. J. Sirois 
has been appointed chairman of Subcom- 
mittee IV, succeeding Mr. Stout who as- 
sumes the chairmanship of Committee 
B-1. 

The committee reports, with deep re- 
gret, that during the year it lost the 
service of its able Headquarters’ sponsor, 
Carter S. Cole, who died on November 
17, 1949. The retirement in the fall of 
1949 of J. J. Morrison deprived the com- 
mittee of another member whose active 
participation in its work for more than 
twenty years will long be remembered. 
Mr. Morrison subsequently was elected 
an Honorary Member of Committee B-1. 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 


The committee now consists of 7 
members, of whom 36 are classified < 
producers, 27 as consumers, and 11 
general interest members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1949 Annual Meet-" 
ing, Committee B-1 presented to the So- 
ciety through the Administrative Com- 
mittee on Standards the recommendation 
that the Specifications for Standard 
Weight Zinc-Coated (Galvanized) Steel 
Core Wire for Aluminum Conductors, 
Steel Reinforced (ACSR) be published as 
tentative. This recommendation was ac- 
cepted by the Standards Committee on 
December 22, 1949, and the new tenta- 
tive specifications appear in the 1949 
Book of A.S.T.M. Standards, Part 2, 
bearing the designation B 245 - 49 T. 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following five specifications be revised as 
indicated and continued as tentative: 


Tentative Specifications for Rope-Lay- 


Stranded Copper Conductors Having 
Bunch-Stranded Members for Electrical 
Conductors (B 172 —- 49 T)? 

Note 5.—Add the following to this 
note: “In calculations involving density 
it must be borne in mind that apparent 
density of coated wire is not constant but 
a variable function of wire diameter. 


31949 Book of A.S.T.M. Standards, Part 2. 
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The smaller the diameter, the greater the 
percentage of coating present and hence 
the greater departure from the density of 
copper.” 


Tentative Specifications for Rope-Lay- 
Stranded Copper Conductors Having Con- 
centric Stranded Members for Electrical 
Conductors (B 173 - 49 T):? 

Note 4.—Revise as indicated above for 
Note 5 in Specifications B 172. 


Tentative Specifications for Bunch- 
Stranded Copper Conductors for Electrical 
Conductors (B 174-49 T)? 

Note 3.—Revise as indicated above for 
Note 5 in Specifications B 172. 

Tentative Specifications for Hard- 
Drawn Aluminum Wire for Electrical 
Purposes (B 230-49 T): 

Section 2.—Revise to read as follows: 
“The aluminum wire shall be made from 
rod meeting all the requirements of the 
Standard Specifications for Rolled Alu- 
minum Rods (EC Grade) for Electrical 
Purposes (A.S.T.M. Designation: 
B 233).” 

Section 3.—Reletter the present as 
Paragraph (b) and add a new Paragraph 
(a) to read as follows: 


3. (a) A sample for chemical analysis shall be 
taken to represent each 4000 lb. or less of ma- 
terial in the lot. Sampling of the finished wire 
for check analysis shall not be required if the 
manufacturer can show that the analysis made 
at a prior stage of manufacture conformed to 
the requirements prescribed in Section 4 of 
Specifications B 233. 


Section 4(d).—Reletter as Paragraph 
(a) of new Section 6 described below. 

New Section.—Add a new Section 6 
titled ‘“Retests,” renumbering subse- 
quent sections accordingly. Paragraph 
(a) of this new section shall consist of the 
present Paragraph (d) of Section 4. Para- 
graph (4) is to read as follows: 

(6) If on testing a sample from any reel, 


coil or spool of wire the results do not conform 
to the requirements of Section 5, two additional 
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samples shall be tested and the average of the 
three tests shall determine the acceptance or 
rejection of the reel, coil, or spool. 


Tentative Specifications for Concentric- 
Lay-Stranded Aluminum Conductors, 
Steel- Reinforced (ACS R) (B 232 48 T)2 

Section 2(b).—Revise to read as fol- 
lows: “Before stranding, the zinc-coated 
steel wires used shall meet all the require- 
ments of the Tentative Specifications for 
Standard Weight Zinc-Coated (Galva- 
nized) Steel Core Wire for Aluminum 
Conductors, Steel Reinforced (ACSR) 
(A.S.T.M. Designation: B 245).” 

Section 3(b).—Revise to read ““There 
shall be no joints of any kind made in the 
finished zinc-coated steel wires.” 

Section 6(b).—Revise to read ‘Tests 
for all properties of zinc-coated steel 
wires shall be made before stranding.” 

Section 7.—Change the title of Section 
7 to read “Strength of Conductor” and 
revise Section 7 to read as follows: 


7. (a) The ultimate tensile strength of the 
completed conductor shail be taken as the sum 
of the ultimate tensile strengths of the aluminum 
wires, calculated from their nominal diameter 
and the appropriate specified minimum average 
tensile strength given in Table I of the Tentative 
Specifications for Hard-Drawn Aluminum Wire 
for Electrical Purposes (A.S.T.M. Designation: 
B 230) plus the sum of the values for stress at 
1 per cent extension under load for the zinc- 
coated steel wires, calculated from their nominal 
diameter and the appropriate specified minimum 
stress at 1 per cent extension given in Table I 
of the Tentative Specifications for Standard 
Weight Zinc-Coated (Galvanized) Steel Core 
Wire for Aluminum Conductors, Steel Reinforced 
(ACSR) (A.S.T.M. Designation: B 245). 

(b) Tests for ultimate tensile strength of the 
completed conductor are not required by these 
specifications but may be made if agreed upon 
by the manufacturer and the purchaser. For 
this test, compression or other suitable fittings 
shall be employed and the breaking strength 
of the conductor when so tested shall be at least 
95 per cent of the rated conductor strength 

(Note 4). 


Section 9(c)—Change the word “‘ca- 


ble” to read “conductor.” 
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TABLE I.—RECOMMENDED SHIPPING DARD SIZES OF ALUMINUM CONDUCTOR, 


(For Information Only) 


r= | 
Stranding Weight Nominal Nominal 
Length of | Weight of 

per 1000 | “Fach |_ Each 
Piece, ft. | Length, lb. 


xx XXXXK KKXKKK KKKKK KKXKKK 


SERSE 


RSRSRK SERS 


xx XKKXK KKXKKK KKKKK KXKKKK KKXKKK KKKKK 


ADA 


HicH-StRENGTH CONDUCTORS 


12 X 0.1327 
16 X 0.1127 


XKKKX 


‘ 
inum 
1 590 000............. 0.1716 1722 
0.1672 19 104 1942 2435 4729 
a | 0.1535 | 19 1635 2885 — 
0.1486 392 1533 3080 4722 
0.1436 362 1431 3300 4722S 
~ 0.1291 291 1159 4425 | S129 
0.1273 273 1126 4555 $129 
0.1749 360 1094 3590 (3927 
ty 0.1214 214 1024 5010 | $130 
0.1544 926 1111 42000 | 416 
: 0.1659 290 985 308s | * 3925 
0.1111 111 858 5975 5127 
0.1456 874 988 4810 | 4752 
0.1564 216 875 4490 3929 
636 000............. 0.1085 085 819 6260 S127 
0.1420 B52 940 5070 4766 
GOS 0.1525 186 833 4715 3928 
0.1059 | 779 6580 51260 
0.1463 138 766 5125 392 4 
0.1355 054 657 5975 
0.1151 151 623 5555 3461 
> | 0.1236 961 547 7180 3927 
0.1059 059 527 6565 3460 
0.1074 835 413 4750 1962 
0.1013 788 367 5340 1960 
BOD. 0.2109 703 342 4975 1701 
0.1878 878 201.1 | 4285 1247 
0.1672 672 230.8 $400 1246 
0.14 490 183. 100 934 
0.1327 327 145.2 | 6440 935 
2 0.1182 182 115.2 #5405 623 
0.0974 299 106.7 8950 955 
0.1052 052 91.3 *6825 623 
0.0937 937 72.4 | *8620 624 
> = 0.0772 029 67.0 | *7145 479 
0.0834 $34 57.4 | *10870 624 
| 
@, 0.0743 743 45.5 | *13700 623 
0.0661 661 36.1 | *17240 622 
1 977 676.8 7675 5194 
ger 214 441.4 4995 2205 
12 X 0.1151 151 396.8 5555 2204 
059 336.0 | 6565 2206 
110 800.............| 12 0.0961 961 276.6 7175 1985 
8 X 0.1000 1670 149.0 5415 807 


Section 10. sae to read as follows: 


10. The area of cross-section of the aluminum 
wires of a conductor shall be not less than 98 
per cent of the area specified. The area of cross- 
section shall be considered to be the sum of the 
cross-sectional areas of the component aluminum 
wires at any section when measured perpen- 
dicularly to their individual axes. 


New Notes.—Add new Notes 6 and 7 to 
read as follows: 


Nore 6.—For the convenience of the users of 
these specifications, Table IV [the accompanying 
Table I] has been prepared giving recommended 
shipping lengths for the standard sizes of 
ACSR referred to in Tables I and II, based on 
the recommended steel wire coil weights given 
in the Tentative Specifications for Standard 
Weight Zinc-Coated (Galvanized) Steel Core 
Wire for Aluminum Conductors, Steel Rein- 
forced (ACSR) (A.S.T.M. Designation: B 245). 
Owing to the variation in coil weights, etc., it 
is common practice to allow a permissible vari- 
ation in length of plus and minus 5 per cent for 
sizes larger than No. 1 Awg. and a tolerance of 
plus aad minus 10 per cent on sizes No. 1 Awg. 
and smaller. It is also common practice to allow 
an amount not exceeding 10 per cent of the 
total weight of any one order to be shipped in 
random lengths but no piece shorter than 50 per 
cent of the standard length. 


Note 7.—-Wires unlaid from conductors will 
manifestly have different physical properties 
than those of the wire when prepared for cabling, 
on account of the deformation brought about by 
laying and again straightening for test. If tests 
on the aluminum and galvanized steel wires are 
to be made after stranding the purchaser and the 
manufacturer at the time of placing the order 
should agree on the properties to be met. 


New Table.—Add a new Table IV to 
read as shown in the accompanying 
Table I. 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends, for imme- 
diate adoption, revisions in the following 
five standards and accordingly asks for a 
nine-tenths affirmative vote at the An- 
nual Meeting in order that these recom- 
mendations may be referred to letter 
ballot of the Society: 
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Medium-Hard, or Soft (B 8 — 49): 2 
Note 8. —Revise as indicated above for | 
Note 5 in Tentative Specifications B 172. 


Standard Specifications for Cored, An- 
nular, 
Conductors (B 226-49) 2? 

Note 6.—Revise as indicated above for 
for Note 5 in Tentative Specifications 
B 172. 

Standard Specifications for Tinned =. 
or Annealed Copper Wire for Electrical 
Purposes (B 33 — 46): 

New Section—Add a new Section 13 
titled “Density” to read: “For the pur- 


TABLE II.—PERMISSIBLE VARIATIONS IN 
DIAMETER. 


Nominal 


Permissible 
Aye Diameter,? in. 


Variations, in. 


* Rods whose nominal diameters lie heeniin sizes 
listed above shall be subject to the permissible variation 
given for the next larger size. 


pose of calculating weights, cross-sec- 
tions, etc., the density of the copper shall 
be taken as 8.89 g. per cu. cm. (0.32117 
lb. per cu. in.) at 20 C. (68 F.) (Note 8).” 
Renumber subsequent sections accord- 
ingly. 

New Note.—Add a new Note 8 to read 
as follows: 


Note 8.—The value of density of copper is in 
accordance with the International Annealed 
Copper Standard. The corresponding value at 
0 C. (32 F.) is 8.90 g. per cu. cm. (0.32150 Ib. 
per cu. in.). In calculations involving density it 
must be borne in mind that the apparent density 
of coated wire is not a constant but a variable 
function of wire diameter. The smaller the 
diameter the greater the percentage of coating 
present and hence the greater departure from 
the density of copper. 


-Concentric-Lay-Stranded Copper 


TRICAL CONDUCTORS 
_ 


Standard Specifications for Hot-Rolled 
Copper Rods for msesinne Purposes 
49-41) 
Section 6.—Revise to “The diame- 
ter of the rod at any point shall not vary 
2 from that specified by more than the 
amounts prescribed in Table I [the ac- 
companying Table II}.” 
ro? Standard Specifications for Lead- 
Coated and Lead-Alloy-Coated Soft Cop- 
Wire for Electrical Purposes 
(B 189 48):2 
New Section —Add a new Section 11 to 
, read as indicated above for new Section 
- 13 in Specifications B 33, renumbering 
subsequent sections accordingly. 
New Note.—Add a new Note 4 to read 
as indicated above for new Note 8 in 
Specifications B 33. 


_ The recommendations appearing in 
_ this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Editorial and Rec- 
if _ords (A. A. Jones, chairman) continued 
its editorial review of specifications and 
is a is surveying the need for a proposed com- 
_ pilation of Committee B-1 standards. 
ad Subcommittee II onM ethods of Test and 


man) has a task group engaged in re- 
_ -vising Specification B 1 to include sam- 
_ pling procedures based on statistical 
methods, as developed by Committee 


Subcommittee IV on Conductors of Cop- 
per and Copper Alloys (H. H. Stout, Jr., 
_ chairman) has a task group engaged in 
_ the preparation of specifications for the 
conductors of segmental-type, single- 
_ conductor cable i in sizes up to and includ- 


The let letter ballot vote on these recommendations was 
favorable: the results of the vote are on record at ASTM 
Headquarters. 


Another task group is conducting an 
investigation to determine optimum con- 
centration of sodium polysulfide solu- 
tion for use in the tinning test prescribed 
in Specifications B 33 and B 189. 

The task group on revision of signifi- 
cant figures in all tables of wire sizes has 
been collaborating with the National Bu- 
reau of Standards to establish bases of 
calculation to be used in the forthcoming 
revision of Circular No. 31. 

Another task group is working on the 
preparation of proposed specifications 
covering the American Wire Gage. Still 
another task group is engaged in prepar- 
ing a specification for tinned hard-drawn 
and medium-hard-drawn copper wire. 

Subcommittee V on Conductors of Fer- 
rous Metals (L. H. Winkler, chairman) 
has just started the preparation of a 
proposed specification for steel core wire 
(for ACSR) having heavier than stand- 
ard zinc coating. 

Subcommitiee VI on Composite Con- 
ductors of Copper and Steel (C. E. Ambe- 
lang, chairman) is inactive at present, 
having completed an extensive program 
last year. 

Subcommittee VII on Conductors of 
Light Metals (P. V. Faragher, chairman) 
is collecting data on wire characteristics 
(employing proposed sampling proce- 
dures based on statistical methods) so 
that basic data will be available for fu- 
ture revision of these requirements. ae 


This report has been submitted to 
ietter ballot of the committee, which con- 
sists of 74 members; 52 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


J. H. Foore 
Chairman, 


* 
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During the past year Committee 
B-2 on Non-Ferrous Metals and Alloys 
has handled all its work by correspond- 
ence. A number of standards and tenta- 
tives have been revised, certain tenta- 
tives have been advanced to standards, 
and the standards and tentatives under 
the committee’s jurisdiction have been 
reaffirmed. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

_ Chairman, Bruce W. Gonser. 

ang Secretary, G. Howard LeFevre. 
Advisory Committee met on 
~ September 23, 1949, at Society Head- 
quarters in Philadelphia, approved 
changes in the membership of Committee 
B-2 and its subcommittees, and ac- 
cepted reports on the work of the sub- 
committees. 

At this meeting the Advisory Com- 
mittee discussed the scope of work of 
Committee B-2, in particular the work 
of writing specifications for what are 
termed High-Temperature Non-Ferrous 
Metals and Alloys (Jet Alloys), and in 
order to clarify the scope of Committee 
B-2 the following resolution was passed: 
“Committee B-2 is to be functional on 
all specifications dealing with non- 
ferrous metals and alloys not otherwise 
assigned to some other committee as of 
this date (September 23, 1949).” 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee B-2 presented to the 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
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Society, through the Administrative Jak 


Committee on Standards, the following 
recommendations: 


Revision of Tentative Specifications for: 


Nickel-Copper Alloy Plate, Sheet and Strip 
(B 127-41 T), 
Nicke]l-Plate, Sheet and Strip (B162-41T), 
Nickel-Chromium-Iron Alloy Plate, Sheet and 
Strip (B 168 - 41 T), a 
Nickel-Copper Alloy Rods and Bars (B 164 - < 
41 T), 
Nickel Rods and Bars (B 160-41 T), ; 
Nickel-Chromium-Iron Alloys Rods and Bars — 
(B 166-417), 
Nickel-Copper Alloy Cold-Drawn Pipe and ane 
Tubing (B 165-41 T), 
Nickel Cold-Drawn Pipe and Tubing (B 161 - 
41 T), 
Nickel-Chromium-Iron Alloy Cold-Drawn Pipe _ 
and Tubing (B 167 — 41 T), and 
Nickel, Nickel-Copper Alloy, and Nickel- _ 
Chromium- Iron Alloy Seamless Condenser 
Tubes and Ferrule Stock, (B 163 - 41 T). 


by the Standards Committee on De- — 
cember 14, 1949, and the revised tenta- 


TENTATIVE CONTINUED WITHOUT 
REVISION 


Pending clarification of the market 
condition for the material covered by 
Tentative Specification for Fire-Re- 
fined Casting Copper (B 72 — 47 T), the 
committee recommends that this tenta- 
tive specification be continued in its 
present status without revision. 


REAFFIRMATION OF STANDARDS 


The committee, without dissenting _ 
vote, reaffirmed the following specifica- 


hel 
tive Specifications appear in the 1949 
Book of A.S.T.M. Standards, Part 2. 

+ 
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tions, which have been published for 
six years or longer without revision and 
which are to be continued as such: 


Standard Specifications for: 


Lake Copper Wire Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars (B 4-42), 

Electrolytic Copper Wire Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars (B 5 - 43), 

Nickel (B 39 — 22), 

Rolled Zinc (B 69 — 39), 

Lead-Coated Copper Sheet (B 101 - 40), and 

Electrolytic Cathode Copper (B 115-43). 


SUBCOMMITTEE ACTIVITIES 


Subcommittee I on Refined Copper 


(William E. Milligan, chairman) re- 
viewed the specifications under its 
jurisdiction and reaffirmed the Standard 
Specifications for: Lake Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots and 
Ingot Bars (B 4-42) and Electrolytic 
Copper Wire Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars (B 5 - 43). 
_ Subcommittee IV on Refined Zinc and 
Wrought Zinc (E. H. Bunce, chairman) 
is further reviewing Specification B 6 - 
49 for Slab Zinc (Spelter). 
Subcommittee VI on Coated Metals 
(F. L. Scovill, Jr., acting chairman) is 
continuing its study of Standard Speci- 
fication for Lead Coated Copper Sheet 
-40) with an aim to provide 
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certain methods of test for the continuity 
of coating. 

Subcommitiee VII on Refined-Nickel 
and High-Nickel Alloys, Cast and Wrought 
(O. B. J. Fraser, chairman) revised the 
ten Tentative Standards for Nickel 
and High Nickel Alloys which are listed 
under ‘“‘Recommendations Accepted by 
the Administrative Committee on Stand- 
ards.” 

Subcommittee VIII on Miscellaneous 
Refined Metals and Alloys (E. E. Schu- 
macher, chairman).—There has _ been 
no work before this subcommittee during 
the past year. This subcommittee is 
prepared to consider specifications for 
high-temperature non-ferrous metals and 
alloys (jet alloys). 


This report has been submitted to 
letter ballot of the committee, which 
consists of 118 members; 85 members 
returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
Bruce W. GONSER, 
Chairman. 
G. Howarp LEFEvRE, 
Secretary. 
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CORROSION OF NON-FERROUS METALS AND ALLOYS! 
Committee B-3 on Corrosion of Non- castings. At a meeting of the subcom- 
Ferrous Metals and Alloys held a meet- mittee in February, T. P. May of the 
ing in Pittsburgh, Pa., on February 27, International Nickel Co., Inc. and A. L. 
1950. Alexander of the Naval Research Labora- 
The committee consists of 105 mem-_ tory reported the results of tests using 
bers of whom 87 are voting members; 28 different salt sprays, including natural 
are classified as consumers, 38 as pro- and artificial sea water, in regard to their 
ducers, and 21 as general interest mem-_ effect on metals and metallic and paint 
bers. coatings. Papers covering the work re- 
The election of officers for the ensuing ported are being sponsored by Com- 
two years resulted in the reelection of the mittee B-3.? 


following: Subcommittee VI on Atmospheric Cor- 
Chairman, K. G. Compton. rosion (W. H. Finkeldey, chairman).— 
Vice-Chairman, W. H. Finkeldey. All test specimens have been removed 
Secretary, A. W. Tracy. from the La Jolla, Calif., test site because 


the test area was needed by the Oceano- 


TENTATIVES CONTINUED WITHOUT 
graphic Institute. Plate specimens will 


REVISION be cleaned and weighed and tension 
The committee recommends that the specimens will be pulled, in accordance : 
following three methods be continued as__ with previously used methods. This ac- - 
tentative without revision: tion closes out the use of the La Jolla — 7 
Tentative Methods of: test site. : 
Specimens of light metals for the 


Total Immersion Corrosion Testing of Non- 
Ferrous Metals (B 185 - 43 T), atmospheric corrosion test, being jointly 


Salt Spray (Fog) Testing (B 117-497), and conducted by Subcommittee VI of B-3 

Alternate Immersion Corrosion Test of Non- and Committee B-7 on Light Metals 

Ferrous Metals (B 192 - 44 T). and Alloys, will be placed on exposure 
ACTIVITIES OF SUBCOMMITTEES this summer. 

Subcommittee VII on Weather (F. L. 
LaQue, chairman).—The principal ac- 
tivity of Subcommittee VII has been the 
work of the subgroup (C. P. Larrabee 
and O. B. Ellis) in exposing calibration 
specimens of zinc and steel at several of 
the A.S.T.M. atmospheric exposure sites. 


Subcommittee III on Spray Testing 
(N. L. Foltz, chairman).—This sub- 
committee is continuing the study of the 
salt spray test and has a working group 
under the chairmanship of W. D. Mc- 
Master studying the acetic acid-salt 
spray test, with special attention to its 


2 Two rs “Spray Testing with Natural and Syn- 
use for chromium-plated zinc-base die thetic Sea Water. IA Study of Organic Coatings” and 
t 


**A Synthetic Sea Water and Its Corrosion Characteristics 


1 Presented at the Fifty-third Annual Meeting of the in Salt Spray Testing,” by T. P. May and A. L. Alexander 
Society, June 26-30, 1950. appear on pages 1160 and 1131 of this publication. 
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f Results of exposure for one year at several 
sites have been reported. Additional 
specimens remain in test for removal 

over a period of years. A paper based on 

i work to correlate certain weather factors 

with the atmospheric corrosion of zinc 

and iron at Middletown, Ohio, was 
presented by O. B. Ellis, at the June, 
4949, meeting.’ 

A preliminary survey of instruments 
and methods for measuring various kinds 
of atmospheric pollution that might be 
expected to affect corrosion was pre- 
sented by L. G. von Lossberg at the 
_ February, 1950, meeting. 
Subcommittee VIII on Galvanic and 
Electrolytic Corrosion (L. J. Gorman, 
chairman).—Part I of the subcommit- 
tee’s program, consisting of disk-type 
- of two types of magnesium 
alloys coupled galvanically to other 


and placed on exposure as follows: 


New York, N. Y. 
Kure Beach, N. C. - November 2, 1949 
Panama Canal Zone ... February 10, 1950 
State College, Pa. . May 10, 1950 


August 15, 1949 


Part II of the program, consisting of 
Spool- type specimens, is going forward 
_ and it is planned to place these couples 
_ exposure before the end of the year. 

The preparation of the plate-type speci- 
_ mens for Part III of the program will 
then be undertaken. 

_ In accordance with the action taken 


“Effect of Weather on the Initial Corrosion Rate of 
i) Sheet Zinc,” Proceedings, Vol. 49, p. 152 (1949 ). 


A. 
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at the February, 1950, meeting of the 
committee, all of the iron specimens 
coupled with stainless steel have been 
removed from the test racks at New 
York, N. Y., Kure Beach, N. C., Al- 
toona, Pa., and State College, Pa. The 
couples containing mild steel having an 
abnormally low copper content had been 
on exposure approximately 9 yr. and the 
couples with mild steel having a normal 
copper content had been on test for 
approximately 5 yr. The steels in all 
these couples were severely corroded. 
The contact resistance between disks 
on all other couples was found to be 
satisfactory, and it is planned to allow 
these couples of stainless steels with 
aluminum alloys, copper, bronze, anti- 
monial lead, zinc, and monel to remain 
on test for a total of 15 yr. The first set 
of these specimens was removed in 1946 
after five years’ exposure and reported 
in the 1948 Proceedings.‘ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 87 voting members; 68 re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 

the committee, 

K. G. COMPTON, 

Chairman. 
A.W. Tracy, | : 
Secrelary. 


* Proceedings, Vol. 48, p. 167 (1948). 
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ON 


Committee B-4 on Electrical Heating, 
Resistance, and Related Alloys has 
held three meetings since the presenta- 
tion of its previous report: in New York, 
N. Y., on June 7, 8, and 9, 1949; in 
New York, N. Y. on November 2 and 3, 
1949; and in Philadelphia, Pa., on Feb- 
ruary 28, March 1 and 2, 1950. 

The present membership of this com- 
mittee totals 68 members, of whom 29 
are classified as producers, 34 as con- 
sumers, and 5 as general interest mem- 
bers. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


On June 24, 1949, the Administrative 
Committee on Standards accepted the 
recommendation of Committee B-4 that 
the Specifications for Circular Cross- 
Section Nickel Cathode Sleeves for 
Electronic Devices be published as 
tentative. The new specifications ap- 
pear in the 1949 Book of A.S.T.M. 
Standards, Part 2, bearing the designa- 
tion B 239-49 T. 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following 13 tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 


vision: 
Tentative Methods of Test for: 


Temper of Strip and Sheet Metals for for Electronic 
Devices (Spring Back Method) (B 155- 
45 T)? 

1 Presented at the 2 ae -third Annual Meeting of the 


Society, June 26-30, 
Bock of ASTM. Standards, Part 2. 


Density of Fine Wire and Ribbon for Electronic 
Devices (B 180 - 45 T),? 

Strength of Welded Joints of Lead Wires for 
Electronic Devices and Lamps (B 203 - 45 T),? 

Surface Flaws in Tungsten Seal Rod and Wire 
(B 204-45 

Equivalent Yield Stress of Thermostat Metals 
(B 191-44 T)? 

Effect of Controlled Atmosphere Upon Alloys in 
Electric Furnaces (B 181 - 43 T)? 

Modulus of Elasticity of Thermostat Metals 
(Cantilever Beam Method) (B 223-48 T), 


Tentative Method of Testing: 

Wire for Supports Used in Electronic Devices 
and Lamps (B 157 - 45 T),? 

Fine Round and Flat Wire for Electronic De- 
vices (B 219 —- 47 T),? 

Tentative Method for: 

Measuring Residual Stress in Cylindrical Metal- 
to-Glass Seals (B 218 - 47 T),? 

Tentative Specifications for: 

Round Nickel Wire for Lamps and Electronic 
Devices (B 175 - 45 T),? 

Chromium-Nickel-Iron Alloy Castings (25-12 
Class) for High-Temperature Service (B 190 - 
45 T),? and 

Nickel-Chromium-Iron Alloy Castings (35-15 
Class) for High-Temperature Service (B 207 - 
46 T)2 


PUBLISHED AS INFORMATION 


Committee B-4 recommends that the 
following proposed method of test be 
published as information, as appended 
hereto. 


Proposed Method of Test for: 
Relative Thermionic Emissive Properties of Ma- 
terials Used in Electron Tubes 
The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 
2¢ The letter ba'lot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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OF SUBCOMMITTEES 


Subcommitte I on Electrical Heating 
Materials (C. L. Raynor, chairman).— 


is with life testing of wire product for 


electrical heating elements leading to 
appropriate specifications. Since the An- 


- nual Meeting, this group has been con- 
Bre cerned with revision of specification 


B 76, mainly in the light of test equip- 
ment and test conditions. This revision 
is still in progress. Prominent in the 
year’s activity was the publication of 
the paper by A. deS. Brasunas and H. 


-_H. Uhlig, “Some Observations on the 
Accelerated A.S.T.M. Life Test for 


Electrical Heating Wires.’”* This group 


_ also reviewed a comprehensive summary 


of eleven years of testing on a single wire 
lot, pointing up the difference in seasonal 
results on test values thought largely 


_ due to humidity conditions. The design 

of life test equipment is receiving new 

and pointed consideration in the light 
aa of the above. 


Subcommitiee V on Wrought and Cast 
Alloys for High-Temperature Use (R. D. 
Van Nordstrand, chairman) is con- 


cerned with methods of test and speci- 


fications for high-temperature alloys in 


- electric furnaces. Over the past year the 


work program has included considera- 
tion of a method of test for intermit- 
tently heating and cooling specimens 


- automatically, in relation to oxidation, 
and investigation of Alloy Casting Insti- 


tute tests and report of thermal fatigue 
and hot gas attack. The importance of 
silicon in alloy composition is judged 
important and beneficial to corrosion 


resistivity. The above characteristics 


are the basis of future work for specifi- 


cations. 


Subcommittee VII on Thermostat Ma- 
terials (P. H. Brace, chairman) is con- 


- cerned with methods of test and speci- 


* ASTM ButtetTin, No. 161, October, 1949, p. 31. 


fications for thermostat metals. At 
the present time, the problem of “hard- 
ness” testing is active and an extensive 
field test program is nearing completion 
which is hoped will lead to specification 
status in the near future. While two 
types of testers show generally good 
agreement, some variance in results as 
a function of decreasing load and with 
surface films and have somewhat de- 
layed progress. 

This group has a section working on 
a method for low expansion tests such 
as invar field testing. Effects of vari- 
ances in composition are also under 
consideration. A survey of possible 
future application of Method B 95 with 
modification is also under consideration. 

Subcommitiee VIII on Metallic Ma- 
terials for Radio Tubes and Incandescent 
Lamps (S. A. Standing, chairman) is 
concerned with materials for electronic 
tubes and lamps and supports the activ- 
ities of four creative sections on cathode 
materials, tungsten wire, and metal 
cone material. 

Section A on Cathode has continued 
extensive work on determination of 
quality of nickel-base metal for “‘emit- 
ter” purposes, improving chemical test 
methods, establishing better tube “prove 
n” practice and continues to establish 
an improved foundation by means of 
melt comparison, chemical, metallurgi- 
cal, and physical test approaches. Prom- 
inent work of this group has been pub- 
publicized in the ASTM Butterin. 

Section C on Tungsten Wire devel- 
oped and put forward a tentative Method 
for Sag Testing, which has been favor- 
ably voted upon by Committee B-4. 
This group continues active on the 
many other problems affecting very fine 
wire for typical electronic tube and 
lamp works. 

Section E.—This section, influenced 
by the requirements of metal-to-glass 
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seals in television picture tubes, has 
completed a specification for a suitable 
metal for this service and is active on 
another at this time. 

Subcommittee IX on Methods of Test 
for Alloys in Controlled Atmospheres 
(P. H. Brace, chairman)—The present 
work program continues on deterioration 
investigation of “greer rot” effects and 
behavior of alloys in atmospheres con- 
taining sulfur and moisture. 

Subcommittee X on Contact Materials 
(F. E. Carter, chairman) is dealing with 
problems relating to the life test, physi- 
cal properties, hardness, standardization 
of forms and sizes, and related subjects. 
Life test in relation to welding charac- 
teristic, and “surety of contact making” 


are currently being worked upon. A 
proposed Tentative Method of Test for 
Determining Hardness of Contact Ma- 
terials, is nearing completion. Progress 


is reported on standardization of forms 
and sizes. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 68 members; 55 members 
returned their ballots, of whom 52 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


S. A. STANDING, 
Chairman. 
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Scope 


1. This method of test covers a pro- 
cedure for determining the comparative 
merits of various radio tube materials 
based on their effect upon the electrical 
characteristics of a typical high vacuum 
tube (standard diode). 


Outline of Method > oe 


2. Specifically, the andand diode is 
used as a means for determining the 
acceptability for production of melts 
of cathode nickel alloys, lots of cathode 
coating material, and heater insulation 
coating materials. In all tests the material 
or process to be tested is substituted for 
the standard material or process listed 
in Sections 5 to 13, inclusive. The listed 
materials and processes constitute the 
control, or standard for comparison. For 
effective use of the standard diode it is 
imperative that every processing step 
be controlled to a high degree. Wherever 
possible the test and control materials 
must be randomized and intermixed 
after marking with positive identifica- 
tion. 


1 This proposed method is under the jurisdiction of the 
A.S.T.M. Committee B-4 on Electrical Heating, Resist- 
ance, and Related Alloys. Published as information, June, 
1950. 


PROPOSED METHOD OF TEST FOR RELATIVE THERMIONIC 
EMISSIVE PROPERTIES OF MATERIALS USED IN i 
ELECTRON TUBES! 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to. the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Symbols 


3. The symbols used in this method 
are as follows: 


I, = emission at 40 v., d-c., eae 


I, = emission under low-field condi- 
tions, 

{, = emission under pulsed conditions, 

heater current, 

Ey; = heater voltage, 

E; = plate supply voltage, 

Ep = actual plate voltage, 

Rx = load resistance in series with plate, 

Kr = cathode nickel brightness temper- 
ature, in degrees Centigrade, == 

= average of reported readings, 

range of reported readings, 

ratio of test lot averages to control 

averages, 

FM = figure of merit, and 

QR = quality ratio. 


~ 
~ 


ll 


Test Lot 


4. A test lot shall, unless specifically 
excepted, result in a minimum of ten 
finished tubes. Sufficient quantities of 
parts shall be prepared on all tests to 
insure this final lot size. All tests shall 
include a control lot assembled and pro- 
cessed at the same time as ‘the lot under 


test. 
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Diode Tube Parts 


5. (a) The standard diode shall have 
the following parts with the important 
dimensions listed (Detail drawings are 


shown in Supplement I.): ~ 0.602 
Connector tab 


C) Cathode sleeve 


@) 3.45 mg. triple carbonates 
Fic. 1.—Cathode Assembly. | 


(1) Cathode (Fig. 1) (Note).—Nickel 


alloy sleeves made from tubing or strip 


with the following dimensions: 
Outside diameter, in. 
— 0.0005 


thickness, 
. 0.0020 + 0.0025 


OOS + 0.0005 equivalent. 
0 045 + 0.001 on (5) Stem.—Lead glass to provide 


Length, in...... 1.063 + 0.005 (27.0mm.) 


Embossing loca- 

tion from one 

end, in....... 0.060 + 0.005 
Embossed diam- 

eter, in....... 0.053 + 0.002 
Embossed width, 

0.017 + 0.003 


ribbon, SiNi 
or Invar..... 0.015 in. by 0.005 in. by 
11 mm. 


Note.—For methods for physical testing of 
cathodes, see the Tentative Methods of Testing 
Sleeves and Tubing for Radio Tube Cathodes 
(A.S.T.M. Designation: B 128).2 When cathode- 
base metals are being tested the control cathodes 
shall preferably be of the same alloy grade, 
see the Tentative Specifications for Circular 
Cross-Section Nickel Cathode Sleeves for Elec- 
tronic Devices (A.S.T.M. Designation: B 239).? 


(2) Plate-—Grade 21 nickel strip is 
, preferred conforming to the Tentative 
specifications for Circular Cross-Sec- 
tion Nickel Cathode Sleeves for Elec- 
tronic Devices (A.S.T.M. Specifica- 
tions: B 239):° 


Strip thickness, in......... 0.005 + 0.0005 
Plate height, in....... 0.750 + 0.010 
Plate barrel inside diameter 

(round), in. ; 0.132 + 0.002 


Plate width between center 
lines of two support 
glides, in. ; .... 0.750 + 0.004 
Center line of n main barrel. shall be within 
0.0015 in. of com- 
mon center line 
of support glides. 


(3) Mica Spacers.—(two per mount), 
fair stain grade or better: 


Thickness, in..... 0.010 + 0.002 

Cathode hole, in... ... 0.0465 + 0.0005 
Plate support hole, in..... 0.0405 + 0.0005 
Center lines of holes. . . shall not deviate 
than 0.001 
in. from the de- 
sign center line. 


(4) Bulb—T9-F1 lime glass or 


support for requisite wires and through 
connection leads. 


1949 Book of A.S.T.M. Standards, Part 2. 
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(6) Connector Wires and Stay Rib- 
bons.—As_ required. Grade 21 of 
A.S.T.M. Specifications B 239 is pre- 
ferred. 

(7) Heater —The heater shall con- 
form to the following requirements: 


Diameter of coated 
material, in. 
Coating material 


0.0075 to 0.0060 
alundum grain 
tered to hardness. 
Hydrogen fired at 
1500 C. or higher 

before tube assembly. 


sin- 


cA “i (8) Getter.—Barium or high barium 

alloy (free from magnesium). Inductive 

or resistance flashing. 

(b) The cathode sleeves shall be 
spray coated with carbonate solution of 
the following composition (for detailed 
requirements see Sections A8 to Al4 of 
Supplement I): 


Barium, per cent by 
weight.... 
Strontium, per cent 
by weight. . 
oT per cent 
by weight... 
{Nitrocellulose (25 sec.). 


+2 


Carbonates 39 +2 


4+0.5 
12.0 per cent 


Ethyl alcohol (dehy- 
Binder drated) 6.5 per cent 
Amy] acetate... 81.5 per cent 
Carbonates, g.. 100 
Binder, ml..... 30 


Amy] acetate, 

ml... .. 
Quantities shall be accurate to 
+ 3 per cent and shall be 
ground in a ball mill for 18 + 
4 hr. 


Spray Mixture 


The mixture shall be applied with a 
spray gun to cathode sleeves held in a 
suitable spray bar to obtain a coating 
conforming to the following require- 
ments: 


Report oF Commirrer B-4 (APPENDIX 


6.3 v., 0.300 amp. 
folded 6 legs; average 
of center legs, 27.5 
mm. in length. 
Wire, tungsten, mg. 
per 200 mm. of on 
length 12 + 0.2 
Cut length, mm...... 179 + 1 y = ad. 
Coated length, nom- Lan 


) 


Length of coated 
sleeve, mm. . 12 + 0.25 (7.5 mm. un- 
coated at each end) 
Coated weight, mg.. 3.45 + 0.35 
Diameter of coated 
sleeve nominal, 
i . 0.051 


Area of coated cath- = 
ode, sq. cm. . 0.431 os 

Apparent density of x 


coating..... 0.8 mg. per cu. mm. + 5 
per cent 


Unit weight of coat- 
i 8.0 mg. per sq. cm. + 10 
per cent 


The coating diameter shall be measured 
with a barrel type micrometer reading 
to 0.0001 in. The diameter shall be meas- 
ured by using the micrometer setting at 
which the cathode will just drop between 
the anvil and the spindle opening. In 
taking the measurement, the microm- 
eter shall be set at a reading of less 
than cathode diameter, then adjusted 
until the cathode will just clear the 
opening by dropping through of its own 
weight. Coating thickness and density 
shall be controlled by taking samples 
at the middle and near each end of the 
spray bar, thus checking three cathodes 
from each spray bar. Before application, 
the guns and racks shall be thoroughly 
cleaned. 


6. All parts shall be cleaned and stored 
in accordance with best practices of the 
laboratory employing the diode test 
method. Detailed recommended sched- 
ules are given in Supplement I, Sections 
A3 to A6, inclusive. Several steps are 
recommended particularly as follows: 

(a) Cathodes shall be fired in an atmos- 
phere of dry hydrogen at temperatures 
between 575 and 600 C. for times be- 
tween 5 and 10 min. 

(6) Plates shall be selected to a uniform 
size for each group of comparative tests. 
The minor axis in the “as-stamped” 

condition (with no sizing) shall be within 
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a range of plus or minus 0.0005 in. 
(c) Mica shall be selected similarly to a 
thickness range within +0.001 in. 


Mount Assembly 
7. (a) All parts shall be assembled into 


45 


mounts (Fig. 2) in accordance with the — 
best practices of the laboratory employ- 
ing the diode test method. Oxide areas 
around welds or adherence of welder elec- 
trode material to the mount parts shall 


40, 
Cathode 
’ a ; _— Stay wires—~ 
x spacer 
30 
* 
- 
jag 
+410 U 
ms 
bs 
J Gett 
= tem 
tos Mount notes 
= @ Plote to have five welds per glide. 
oa Shorter heater loop to be approx 
"ea Exhaust tube 7 5mm below bottom of cathode. 
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(6) Individual mounts and lots shall 
be identified by suitable scratched marks 
on the plate, or India ink marks on the 
top mica. All mounts from several lots 
being inter-compared shall be thoroughly 
mixed from this point until they are 
ready for electrical testing. 


Sealing-In 

8. Sealing-in may be carried out by 
either the manual or automatic process 
as described in the following Paragraphs 
(a) or (5), respectively: 

(a) Manual.—When the manual proc- 
ess is followed the following items shall 


(1) Sealing-in shall be carried out 
by best practices available. All mounts 
of several lots under comparative tests 
should be sealed at one time. 

(2) In the event that sealed mounts 
will not be exhausted at once, they 
should be rough evacuated and tipped- 


whenever feasible. 

(3) During sealing-in the cathode 
temperature shall be kept below about 
250 C. or shall be raised above about 
350 C. If the cathode remains within 
this critical temperature range, the 
damage to the coating will be indicated 
by a caramel discoloration (see Section 
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off. Exhaust may then take place ' 


Test Diode \ 


a minimum fire splash into the mount. 
All fires that have an opportunity of 
entering the mount shall be clean 
oxygen and gas fires. 

(4) Conditions set forth in Para- 
graph (a), Item (3) are also applicable. 


Exhaust 


9. The exhaust procedure may be 


carried out by either the manual or 
automatic process as described in the 
following Paragraphs (a) or (6), respec- 
tively: 


(a) Manual.—When the manual proc- 


ess is followed the following items shall 
be observed: be observed: 


(1) Manual exhaust equipment shall 
be capable of pumping to less than 1 » 
of mercury ultimate vacuum and 
have a pumping speed of greater than 
25 |. per sec. at the tube. 


No Connection 


Variable 
DC Supply oc 


0-8 volts Voltmeter 


A14 in Supplement I). Also, the mount 

shall not reach a temperature which 

will cause the bright nickel parts to be- 
come oxidized. 

(b) Automatic—When the automatic 
process is followed the following items 
shall be observed: 

(1) Sealing-in shall be done on an 
automatic machine which is currently 
producing good tubes of as near the 
same design as possible. 

(2) Sealed mounts shall be trans- 
ferred immediately to the exhaust. 
Mounts that are permitted to cool 
shall be discarded. 

(3) On button stem construction, all 
fires shall be so directed as to present 


> 


Fic. 3.—Circuit for Measuring Filament 
Current (J;). 

(2) Glass parts shall be baked to 
remove surface gas films. 

(3) Metal parts shall be inductively 
heated to 800 + 50 C. to remove 
adsorbed and absorbed gases. 

(4) The cathode coating shall be 
broken down by an optimum schedule 
developed by each testing laboratory 
for each type of cathode material 
used for control purposes. 

(5) Timing of each step of the 
exhaust procedure shall be accurate to 
within 1 sec. 

(b) Automatic.—When the automatic 
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process is followed the following items 
shall be observed: 
(1) The exhaust conditions should 
be normal to that of regular tube 
manufacture of a similar ace 


| Variable 


Test Diode 


Variable 
OC Supply 
0-50 volts 


{ Filament \ AC or DC 
\Voltmeter Supply 
0-8 volts 


A 


Fic. 4.—Circuit for Measuring Static Emission 


Currents and (J,). 
(2) Exhaust setup shall be capable 


of attaining a vacuum of 254 or less 
before reaching the getter flashing 
position. All port positions should 
pump to equal vacuum under equal 
load. 

(3) The sealex shall be uniformly 
loaded, that is all ports full, or every 
other port, in order to insure uniform 


+ 


Pin Number Element 
plate 


cording to Radio and Television Manu- 
facturers Association base pin number se- 
quence) is as follows: 


Nore.—To avoid arc-overs between lead 
wires or in the base and socket during pulse 
testing (where voltages are to exceed 2 kv.) it is 
recommended that the tubes be rebased so that 
the plate lead is connected to base pin No. 5. 


Seasoning 


11. Each tube shall be seasoned in 
accordance with optimum schedules as 
developed by each laboratory. Recom- 
mended schedules are shown in Sections 
A17 and A18 of Supplement I. The sea- 
soning shall act to clean up residual gases, 
and bring the cathode to a high state of 
activation and stability. The emission, 
at Ey = 65 v. and BE, = 40 v., d-c. 
should be stable (at least on the control 
test) at the end of seasoning to the extent 
that it will not change by more than 3 


Pulser 1000v 


y 
Peak Amps 
LowR 


Test Diode 
Variable 
AC or DC 
Voltmeter) 
0-8 volts 


Fic. 5.—Circuit for Measuring 


lighting shall be controlled to eliminate 
variations. 


 Nore.—Suggested manual and automatic 
exhaust schedules are shown in Supplement I, 
Sections A15 to A18, inclusive. 

Basing 


10. Tubes shall be based prior to aging. 
Recommended basing arrangement (ac- 


Pulsed Emission Current (f,). 


> 


per cent when drawn continuously for a | 
minimum of 1 min. 


Testing 

12. (a) Initial tests for diode emission 
shall be carried out under five conditions 
in the following sequence: 


Preheat 1.75 v., Ey for 5 min. 
(1) Low Field | Ey = 1.75 v. (a.c. or d.c.) 
J). E, = 4.0 v., 
Report J, in microamperes 
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(Preheat 4.5 v., Ey for 5 min. 

Ey = 4.5 v. (a.c. or d.c.) 

1000 v. peak—square pulse 
Pulse width = 1 microsecond 
200 pulses 


(2) Pulse 
(f,). Pulse repetition rate = 
per second or less 
Report /, in amperes, pulse shape, 
| width and repetition rate 
Preheat 7.0 v. Ey for 5 min. 
Ey = 7.0 v. to 3.0 v. (a.c. or 
d.c.) descending steps of 
0.5 v. 
E, = 40.0 v., duc. 
Report J, in milliamperes 


(3) 40 v., d-c. 
Emission 


Nore.—At lower cathode temperatures, in 
the range of temperature-limited emission, 
slumping emission may occur. In such cases, 
peak instantaneous emission readings shall be 
taken. These readings shall be listed, followed 
by a downward arrow (that is, 35 |). Figures 
3, 4, 5, and 6 for recommended testing circuits 
apply to the three conditions above. 
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(b) It shall be standard practice to 
correct reported readings for meter 
currents or voltage drops where signifi- 
cant. Recommended practice for filament 
testing is to connect the filament volt- 
meter directly across tube terminals and 
to correct current readings for the fila- 
ment voltmeter current. A direct current 
filament source and direct current meters 
are much to be preferred for most 
accurate and convenient filament current 
readings. Either alternating or direct 
current filament supply is suitable for 
all other tests. Recommended practice 
for plate current tests is to connect the 
d-c. voltmeter directly across the voltage 
source and to connect the d-c. ammeter 


Pulser 
+ 
(500,) Diode | Diode2 Diode 3 
ae Source V Fuse 
- 
£ 
Synchro- 
scope of) 
Peak Wz 


Preheat 6.5 v. for 1 min. 

Ey = 6.5 v. (d.c. recom- 
mended) 

eo I; in milliam- 


peres 
Preheat E; = 7.5 v. for 1 


= 45 v. (a.c. or d.c.) 
~~ temperature of nickel 
cathode sleeve: 
(a) Just above top of 
plate and below top mica 
spacer in degrees Centi- 


(4) Filament Current 


(5) Cathode 
me 
| 


grade, and/or 
(b) As sighted through 
ie 0.040 in. diameter hole 


in center of plate and 
focusing upon the coat- 


ing 

Record brightness tempera- 
ture with optical pyrome- 
ter and location of tem- 
perature reading. 


6.—Circuit for Pulse Life Testing and Measuring Peak and Average Emission Currents. — 


between the source and the plate termi- 
nal of the tube. Correction here is made 
to the voltmeter reading due to voltage 
drop in the ammeter. This correction can 
generally be made insignificant through 
the use of ammeters having low voltage 
drop (of the order of one-tenth of a volt 
or less for full scale reading). All meters 
shall be periodically calibrated against 
meters having an accuracy of } per cent 
of the full scale reading and readings 
shall be taken on the upper two-thirds 
of the scale wherever possible. Test 
equipment shall be calibrated in both 
heater and cathode-plate circuits by the 
use of stable precision resistors. The 
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values of resistors shall be chosen to 1000, 1250, 1500 hr.) Readings should © 
provide calibration readings in the be taken within 5 per cent of the specified — 
ranges found for tube testing. naw, reading period. Tubes shall be a i 


to: remain without applied voltages at 
Life Testing least 10 min. before at 
13. (a) At least five tubes for each down periods. 
test lot and each control lot shall be (c) Life tests should be discontinued 
life tested. Emission readings shall be when the 40 v. d-c. emission value at 


x 


© 


1. R=1000 n t2% 


eau as 2.XX= Voltage Through 
to.i5v 
Ls Fic. 7.—Circuit for Life Testing Standard Diode Tubes. 
, - taken at the intervals indicated. Life Ey = 4.5 v. has dropped to 50 per cent 
. test conditions are as follows: of the initial value of the control lot 
me! Ey = 6.5 + 0.15 v. d.c. (this does not include early hour slump- 
Es = ing, or low initial values which may be 
“obtained with passive or slow activation 
e This will provide an effective tube drop materials). 
t of about 40.0 v. and a cathode current (d) Pulse emission (7,) and low field 
‘s of 60 ma. The plate dissipation will be emission ( I,) readings should be taken 
t about 2.4 w. ; _ at the end of life. Additional readings ' 
t The schematic wiring diagram is are optional. 
S shown in Fig. 7. 
ls (6b) Tubes shall be read for I, (Ey = Report 
st 6.5 v., 4.5 v., 3.5 v. and 3.0 v. with 14. Results of the test shall be re- 
h E, = 40.0 v. d. c.) at the following time ported as follows: 
e intervals: 0, 5, 25, 50, 100, 250 and 500 (a) Curves of d-c. emission (E, = 40.0v. 
e hr. (An alternative time schedule may be: d.c.) shall be presented, using rectangular 
0, 5, 25, 50, 100, 200, 350, 500, 750, coordinates. The test and control lots 
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should be plotted on the same graph 
sheet. 

(b) Test results on individual tubes 
which differ widely from the average of 
the lot, due to assignable causes, shall 

be omitted from consideration. 

- (c) At least two tubes of each lot shall 
be opened before the life test and two 
after the life test. Their dimensions and 
appearances shall be analyzed and re- 
ported in accordance with instructions 
in Supplement II. 

(d) A precautionary test for gas shall 
be included. This test shall be made by 
measuring space-charged emission cur- 
rent at two different anode voltages. The 
test conditions are: 

= 6.5 v. 

Read /,. 
The ratio of J, (40 v. E,): J, (20 v. Ey) 
should have a value of 2' = 2.8. A 
significantly higher value than this, or 
higher than a normal value based on 
accumulated history, will indicate quali- 
tatively the degree of gas in the tube. 

(e) The preferred method of reporting 
results is as follows: 

(1) The appended forms (Tables I 
and II) for reporting test results, pro- 
cessing and analytical data should be 
employed. It is recommended that at 
least ten good tubes be read for each 
test reported. With the average of con- 
trol lot readings used as a base of 1.000, 
the ratio of the test to the control 
readings is to be calculated (“r” in 


Table I). 


Note.—Control lots should show a repro- 
ducible J, curve on successive runs. They should 
have a slope between Ey = 6.5 to 4.5 v. which 
is uniform and not to exceed 1.25 ma. per v. 
The slope should average 1.0 ma. per v. Absolute 
values of points on this section of the curve for 
successive control runs should lie within +1 ma. 
Test lots having a slope of not more than 1.0 
ma. per v. greater than 1.25 (or a total of 2.25 
ma. per v.) are considered as not having signifi- 
cant difference from the control for production 
purposes. 


a oe (2) Life test results shall be reported 
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form, as well as the quality ratio, QR. 
Ey = 40 v. and Ey = 20 v. d.c. 


(APPENDIX) 
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on rectangular graph paper. The ordi- 
nate shall represent time in hours, the 
abscissa shall represent J, in milli- 
amperes. Indicate the average emission 
values at Ey = 4.5 and 6.5 v. for the 
test lots and control lots (Note) for 
each reading period. 
(f) An alternate method of reporting 
FM values and other results is as follows: 
(1) The report forms (Tables I and 
II) shall be used, with the exception 
that the range, R, of each set of read- 
ings shall replace the ratio of values, r, 
with respect to the control. 
(2) The d-c. emission figure of merit 
FM, shall also be shown on the report 


They are calculated as follows: 

Plot- log J, versus log Ey on single 

cycle log-log graph paper. Use 10 ma. 
I, and 1.0 v. Ey as coordinates at the 
origin. Draw a line from the origin 
which is tangent to the knee of the 
d-c. emission curve. Divide the J, value 
at the point of tangency (Note) by the 
heater voltage for this same point. This 
is the FM. Then divide the figure of 
merit for the test lot by the figure of 
merit for the control lot. Multiply this 
value by 10 and round off to one 
decimal place. This is the OR. 
Note: Example.—Point of tangency of curve 
and consiruction slope line = 40.3 ma. I, + 3.26 
v. Ey = 12.36 (FM for control). 42.4 ma. 
I, + 5.74 v. Ey = 7.39 (FM for test lot). 7.39 + 
12.36 = 0.598 X 10 and rounding to one decimal 
place = 6.0. This figure is the d-c. emission 
quality ratio, QR. Values below 10 indicate 
that the test lots are poorer than the control. 
Values above 10 indicate the test lot to be better 
than the control. 

(3) Life tests shall be reported by 
graphs, where the ordinate represents 
the time in hours, and the abscissa the 
values of FM or QR. When emphasis 

is desired upon early hour life per- 
formance, use semi-log graph paper 
(log on time axis up to 1000 hr.). 
Plot the test and control lots on the — 
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Al. The following sources of supply are 

Part Suggested Supplier Part Number 


Heater (Fig. 8)..... Sylvania Electric Product 
Plate (Fig. 9) Byer Manufacturing Co. 
Ts ig. Ford Radio and Mica Co. 
Base. 


inghouse Electric Co. 
Bulbs, T9-1°i, lime.. Corning Glass Works 
Stem (Fig. 11)... 


Spacer ribbon...... Driver-Harris Co. 


Kemet Labs., Div. of National 


{R.C.A. Victor Division of R.C.A. 
R.C.A. Victor Division of R.C.A. 33-C-130 


Triple Carbonates.. . 


SUPPLEMENT I 


DETAILED Secu AND SUGGESTED PROCESSING PROCEDURE 
FOR THE STANDARD DIODE 


. Raytheon Manufacturing Co. 


Lockseam LA5R2-10 


F-109W1 
> 


. Owens-Illinois Glass Co. or West- 


Octal Intermediate 


OCT6-46 
KIC 697 
Batalum FZ323AC 


(Pyroxylin)...:.. E. I. duPont de Nemours and Co., 5511 
Inc. 
Cathode - The distilled water shall have a residue content 


A2. Material for the control normally used 
in the standard diode is International Nickel 
Co. 220 Alloy—a selected sample known as 
Melt No. 66. The chemical requirements are 
as prescribed in Table I. 

If other b ase metal materials are being com- 
pared, one heat of that alloy is to be selected 
as a control for testing the other heats. The same 
is true for other materials subjected to the diode 
test. 


RECOMMENDED PARTS CLEANING PROCE- 
DURES FOR STANDARD DIODE 


Processing of Metal Parts 


A3. All metal parts shall be processed ac- 
cording to the following schedule: 

(a) Wash in boiling trichlorethylene solu- 
tion 5 min. using a wire mesh basket to hold the 
parts. The size of the baskets shall be such that 
the parts can be placed not more than three 
layers deep across the bottom of the tray. 
The trichlorethylene shall be stabilized for 
metal degreasing and shall have a residue con- 
tent of not over 0.002 per cent on evapora- 
tion at 100 C. 

(b) Rinse in trichlorethylene for 5 min. 

(c) Dry for 5 min. at 100 C. 

(d) Wash in boiling distilled water 5 min. 

(e) Rinse in boiling distilled water 5 min. 


of not over 0.002 per cent determined by evap- 
oration to dryness at 100 C. The conductivity 
of the distilled water shall be 300,000 ohms per 
cu. cm. or better. These provisions apply 
throughout this method 
water is specified. 


(f) Rinse in acetone and air dry. The acetone 


shall be ACS reagent grade or better. This 
grade is also to be used throughout this speci- 
fication. 

(g) Oven dry using precautions to keep sam- 
ple free from dust or other contamination. 

(i) Fire at 600 C. for 10 min. in a hydrogen 
atmosphere that will bright anneal nickel- 
chromium or chromium-steel alloys. This is 
approximately equivalent to a dew point of 
—60C 

Processing of Mica Parts Ally 

A4. Mica spacers shall be prepared by the 
following procedure: 

(a) Rinse in distilled water for 5 min. 

(6) Rinse in methanol and air dry. The meth- 
anol shall be ACS reagent grade or better. 
This provision applies to all methanol called 
for in this specification. 

(c) Fire in hydrogen at 600 C. for 8 min. 
The hydrogen shall be at least 99.5 per cent 
pure and have a dew point | of 0 C. or litte 


whenever distilled 


Asal 
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Processing of Bulbs and Stems 


AS. Bulbs and stems shall be cleaned as fol- 
lows: 

(a) Rinse in boiling distilled water for 3 min. 

(6) Rinse in boiling distilled water for 1 min. 

(c) Rinse in methanol and air dry. 

(d) Dry for 5 min. at 150 C. in oven, using 
precautions to keep free from dust or other con- 


tamination. 

A6. All parts and assemblies shall be stored 
in dustproof containers or wrappings in heated 


cabinets. The temperature of the cabinet shall 
be 40 + 2C. 


Barium carbonate, per cent 
Strontium carbonate, per cent... . 
Calcium carbonate, per cent 
Water soluble ened Per cent, 
max. 
Iron, per cent, max. 
Chloride, per cent, max. ye 
Heavy metals, per cent, max...... 
(HC1) acid insoluble 


The carbonate shall be dried for 12 hr. at 110 C. 
just before using and allowed to cool in a dry 


atmosphere. 


Selection and Handling of Carbonate 


A9. A lot of carbonate shall be selected in 
sufficient quantity to cover a 2-yr. minimum 


TABLE I.—CHEMICAL REQUIREMENTS FOR CATHODE MATERIAL.* 


| Nickel 
plus 
Cobalt, 
per cent | 


_ Carbon, Copper, | 


Tron, 
| per cent per cent | per cent 


Magnesium, 


per cent 


| 
Silicon, 


per cent per cent 


per cent 


No. 220 Allo 
Melt No. 


0.01 to 0.05 | 0.01 to 0.10 
0.03 max. 0.038 


0.20 | 0.008 
0.07 x 0.004 


® Maximum per cent except where range is shown. 


+ Aluminum, per cent. 
: Boron, per cent 
Cobalt, per cent 


Heater Coating 


A7. The tungsten heater-wire shall be coated 
with a mixture of alundum powder and hydro- 
gen fired at 1500 C. or above before use. It is 
suggested that the heater coating contain 1 part 
of 38-900 alundum to 3 parts of 38-500 alun- 
dum. The vehicle may be aluminum nitrate in 
water. The coated-wire diameter should be ap- 
proximately 0.0075 to 0.0060 in. for a base wire 
size of 0.0014 in. It should not be brittle and 
subject to fracture upon normal handling and 
forming. The coating must be thoroughly cleaned 
from the legs of the heater at the points for weld- 
ing to the stem wires. 


RECOMMENDED PRACTICE FOR CATHODE 
COATING AND METHOD OF APPLICA- 
TION FOR THE STANDARD DIODE 

Cerbonate 

A8. The carbonate shall be a co-precipitated 
triple carbonate containing 4 per cent calcium 
carbonate, the remainder consisting of approxi- 
mately equal molecular portions of barium and 
strontium carbonate. The particle size shall 
average within the range of 1 to 9 u with a maxi- 
mum particle size of 25 4. The chemical com- 
position shall be as follows: 


Believed most reliable percentage composition from re 
© Additional chemical anergets for Melt No. 66 are as follows: 
; 003 


rts of several laboratories. 


Chromium, per cent 
Phosphorus, per cent 
Titanium, per cent 


period. The carbonate shall conform to the re- 
quirements of Section A8 and shall be approved 
for use by the tube diode test using a previously 
approved lot of cathode base material. The car- 
bonate shall be stored dry. 


Binder for Cathode Carbonate 


(a) Chemical Composition—The stock 
binder for the cathode carbonate shall consist 
of a solution of nitrocellulose in amyl acetate 
(du Pont No. 5511 pyroxylin) with the following 
chemical composition: 


Nitrocellulose (25 sec.), per cent 

Ethy] alcohol (dehydrated), per cent 
Amy] acetate, per cent 

Total solids, per cent................ 


(b) Viscosity—The viscosity of the binder 
shall be 36 to 50 sec. at 25 C. determined in 
accordance with the Standard Specifications 
and Tests for Soluble Nitrocellulose (A.S.T.M. 
Designation: D 301).’ 

(c) Appearance.—The binder shall be a clear, 
slightly yellow, syrupy liquid. 

(d) Packaging and Shipping.—The material 
shall be shipped in airtight sealed 1-gal. cans. 


3 1949 Book of A.S.T.M. Standards, Part 4. 


| 
S7.242 
38.8 + 2 
4.0+0.5 
0.10 
0.003 | 
0.003 
0.003 
0.01 
12.2 
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Spray Mixture 


Ail. (a) With each 200 g. of carbonates 60 
ml. of stock binder solution diluted with 400 ml. 
of amyl acetate (see Paragraph (c)) shall be 
used. Quantities shall be weighed and measured 
to an accuracy of +3 per cent. The viscosity of 
the binder shall be 16 + 5 centipoises. The mix- 


Leg lengths 
= 33.5mm. 
26 

*3= 27 

*4= 28 
*5=29 

*6= 355 


Nore 1.—Variation in leg lengths must be in direct 
prop ortion to variation in cutting length. 
Yote 2.—Heaters to be fired in hydrogen at 1500 C. 
before use. 
Rating: 
Heater voltage—6.3 v. 
Heater current—0.30 amp. 
Bill of Material: 
eater wire—cleaned, straightened tungsten, 
0.0025 in. diameter, 12.0 mg + 144 per cent per 200 
mm. Cut length—180 to 178 mm. 
Diameter of coated wire—0.0075 in. to 0.006 in. 
Coated length—173 mm. 


Fic. 8.—Heater. 


ture shall be ground in a ball mill for 18 + 4 
hr. using a 1-qt. porcelain mill and porcelain 
balls. Suggested requirements for the bal! mill 
shall be as follows: 


Volume of mill, ml.. . 

Volume of pebbles, ml 

Weight of pebbles, g. 
Number of pebbles... ..... 

Average weight of pebbles, g.. * 
Weight of largest pebbles, g.. 
Weight of smallest pebbles, g.. 
Rotational speed of mill 70. rpm + 
10 per cent 


- (b) The viscosity of the n:'ied spray mixture 
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shall be 38 + 1 centipoise at 25 C. The viscosity 
of the binder and of the spray mixture may be 
determined either with a Brookfield synchro- 
lectric type viscometer or the Hercules capillary 
tube. 

(c) The amy] acetate used in the binder prepa- 
ration shall conform either to the requirements 
of the Standard Specifications for Amy] Acetate 
(Synthetic) (85 to 88 per cent grade) (A.S.T.M. 
Designation: D 318),’ or the Standard Specifica- 
tions for Amy! Acetate Made from Fusel Oil 
(A.S.T.M. Designation: D 554).’ 

(d) The spray mixture may be packed and 
shipped in tinned cans or drums. Stoppers of 
the cans shall be metallic or foil-covered and 
shall be sealed. 


Preparation of Cathode Sleeves 


A12. For the preparation of cathode sleeves 
reference should be made to Section A3. 


Coating A pplication 


A13. (a) The coating shall be applied uni- 
formly to the cathode sleeve with an air spray 
gun of the DeVilbiss CV type or its equivalent. 
The cathode shall be mounted and sprayed on a 
fixture holding 25 to 60 cathodes spaced suffi- 
ciently far apart to avoid turbulence. The test 
and control sleeves shall be randomized in the 
same rack. The texture of the coating shall be 
specified according to the diameter and weight 
in terms of apparent density. The apparent 
density of the coating shall be 0.8 + 5 per cent 
with a coating weight of 8 mg. + 10 per cent per 
sq. cm. The coating diameter shall be measured 
with a barrel type micrometer reading to 0.0001 
in. The diameter shall be measured by using the 
micrometer setting at which the cathode will 
just drop between the anvil and the spindle 
opening. In taking the measurement, the microm- 
eter shall be set at a reading of less than the 
cathode diameter, then adjusted by light tapping 
until the cathode will just clear the opening. 

(b) The coating thickness and density shall 
be controlled by taking samples at the middle 
and near each end of the spray bar, thus check- 
ing 3 cathodes from each spray bar. Before 
application, the guns and racks shall be thor- 
oughly cleaned. 


Sealing-In 


A14. (a) Sealing temperatures may be checked 
by visual examination of cooled mounts cut apart 


= sealing. Presence of a caramel discoloration 


trace on the cathode coating should subject re- 
sults of tubes from that run to suspicion. The 
cathode coating may increase in temperature 
after tubes are removed from the sealing head 
due to heat conduction from hotter parts of the 
assembly. 


i 
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(b) Proper sealing conditions may be readily 
checked by application of calibrated fusion point 
lacquers.* The indicating temperature range of 


the lacquer, the points of application, and the 


time and place of fusion require standardization 
by each laboratory. Cathode discoloration is the 


_ standard of comparison. 


(c) Experience in the production of electron 


. : TG the coating binder is discolored during the sealing 


operation, It is believed that the nitrocellulose 


_ binder is partially decomposed and remains in 


a form which does not entirely leave the coating. 


_ Also, the darker color may affect the operating 


temperature. Not only is the emission partic- 


ularly low at reduced sleeve temperatures, but it 


 slumps—which is indicative of poisoning. Ex- 


treme accuracy of fire setting and control is 
necessary to avoid the critical temperature range. 
There does not seem to be appreciable difference 
for initial emission or its maintenance during life 
between tubes whose cathodes have been kept 
below or above the temperatures causing dis- 
colored coating. 


4 Obtainable from Tempil Corp., New York 11, N. Y., 


under trade name of Tempilaq. emperature indications 


are in 25 + 2 F. steps in the 


e desired sealing range. 
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A15. The following is a typical set up for 
automatic exhausting at an index speed of 800 
positions per hour: | 


Exhaust (Automatic) 


Posi- 


| Lighting 
tion | 


Evacuation | Bombarding | Current, 
ma. 


| Load sealed mount 
Port clamp opened 
Rough vacuum-leak de- 
tector 
Rough vacuum 


Preheat | 

Dull red | 

ed 

Red 
d 


CONAN Whe | 


|)Fine vacuum pumping 


..| Tip off 


Exhaust (Manual) 


A16. A suggested exhaust schedule for sta- 
tionary exhaust equipment is as follows: 

(a) Pumping system should include diffusion 
and forepumps capable of attaining an end 


Max. gap 0.015" 


Nore.—Center line of main barrel to be within 0.0015 in. of common center line of glides. Hole stamped in hali 


Plate—0.005 in. nickel, 0.750 in. wide. 


plate section, optional for optical cathode coating temperature measurements. 


[TEE ] 
310 
510 
490 
13 Getter flash | 470 
14 455 
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vacuum of less than one yw of mercury and with 
a pumping speed at the tube port of at least 25 
1. per sec. 

(b) Adequate precautions, such as a cold trap, 
should be employed to avoid presence of slight 
amounts of mercury or oil vapors in the mani- 
fold. 

(c) After the standard diodes are placed on 
the manifold and reach a vacuum of at least 50 
» of mercury, they shall be baked out by a sur- 
rounding oven for at least 15 min. at 400 C. ora 
temperature just below the softening point of 
the glass. 
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(d) Degassing and cathode breakdown 
schedule: 

(1) Bomb plate for 3 min. (800 C. brightness 
temperature at the plate center), 

(2) Breakdown cathode carbonate coating 7 
for 1 min. at 15 v. Ey applied gradually, Loe Sa 

(3) Bomb plate for 2 min., while applying _ 
9.0 v. Ey, 

(4) Flash getter, while applying 9.0 v. Ey, 
and 

(5) Tip off. 

Nore.—For a Batalum getter apply 1-min. 
degassing (dull red) for a minimum of 4 min., 
preceding step (J). 


0.377" 


0.377" 


0.373" 

A holes—0.041 in. to 0.040 in. diameter. 

_ E hole—0.047 in. to 0.046 in. diameter. 
Mica—0.008 in. to 0.012 in. thick. 


0.373" 


Nore.-—Centers of all holes on same center line must not deviate more than 0,001 in. 


Fic. 10.—Mica Spacer. - 


| 
s 
rom that line. \ 


Seasoning (Automatic) 


A17. A typical seasoning schedule to accom- 
pany automatic exhaust is as follows: 


Time, min. Ey, v. E, v., d.c. 


100 
100 


Nore.—Tungsten filament lamps of 10 w., 120 v. shall 
be used in the plate circuit in series with each tube during 
steps 2 and 3. Cold d-c. resistance of the lamps should be 
matched within + 5 ohms. 


1457" (37mm) 


4.5 
3.5mm. 
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Seasoning (Manual) 


A18. The following schedule is recommended 
for use in connection with the stationary exhaust 
schedule of Section A15: 


Average 


Step Tp, ma. 


35 


Nore.—Tungsten filament lamps of 6 w., 120 v. shall 
be used in the plate circuit in series with each tube dur- 
ing steps 2 and 3. Cold d-c. resistances of the lamps should 
be matched within + 5 ohms (in about 205 ohms). Ep 
(effective) is approximately 28 v. 


0373" 03737 


| Plate lead 4040 Ni-!612D-2039 Cu 


3 Plate dummy 4040 Ni- 1630 


Heater lead 2024 Ni-I68D 2054 Cu 


Preh 
were 100 12 
| 1( 3.....| 10.0 100 
I 
a & mo een 0158" | O178 
| 


The report forms shall be used as follows: 
Al. Data for Tubes Tested (Table I): 

1. Static Emission at Ey = 6.5 v. a.c. or d.c., 
E, = 40 v. d.c. 

2. Static Emission at Ey = 4.5 v. a.c. or d.c., 
E, = 40 v. d.c. 

3. Peak Emission (f,) at Ey = 4.5 v. a.c. or 
d.c., E, = 1000 v. Pulse width = 1y sec. Repe- 
tition rate = 60 to 200 pps. (as available). 
Report pulse conditions actually used at bottom 
of page. 

4. Low field emission (J,) at Ey = 1.75 v. d.c., 
E, = 4.0 v. d.c. 

5. Filament current at Ey = 6.5 v. d.c. 
(preferred) or a.c. or Brightness Temperature at 
Ey = 7.5 v. a.c. or d.c. Use optical pyrometer of 
hot disappearing wire type focused upon bare 
cathode between top of plate and top mica; or 
focused through sighting hole in center of plate 
and upon cathode coating. Report in notes at 
bottom of page location of temperature reading. 

6. (a) Figure of merit for d-c emission (see 
method of Section 14). (6) Quality ratio for d-c. 
emission. 


SUPPLEMENT II 


INSTRUCTIONS FOR USING REPORT FORMS 


Note—X = Average; R = Range; r = Ra- 


tio of X test lot to X control lot. 


A2. Cathode Data (Table I): 

The following symbols shall be used: 

Coating Texture: S$ = Smooth; M = 
Medium; R = Rough. 

Coating Hardness: S = 
H = Hard. 

Interface: 0 = None; VL = Very Light; L = 
Light; A = Pioney VH = Very Heavy; 
H = Heavy. 

Plate Barrel Color: I = Iridescent; B = 
Blue; Br = Brown; Bl = Black; G = Grey. 
(Prefix Body Color with B, Ring Color with R) 

Dome Deposit: 0 = None; L = Light; M = 
Medium; H = Heavy or report average diameter 
of deposit in mm. 

A3. Plotting (Table I).—Construct and append 
copy of E; — /, curve for each test and control 
for E, = 40 v. and Ey between 3.0 v. and 7.0 v. 
using 1 cycle log-log paper. Construct tangent 
line per Section 14. 

A4. Processing.—Cathode, plate, mica and 
heater processing shall be given in the form for 
reporting general data (Table IT). 


Soft; M = Medium; 


TABLE I.—ILLUSTRATIVE FORM FOR REPORTING INITIAL TEST DATA. 


Other Special Features 


Lot No. 


Il. (a) Exhaust date. 


(6) Number tubes tested: 
Is 6. 


or 
KT deg. Cent. R. 


6. DC. Emission: 
Figure of Merit 
Quality Ratio eS 
(c) Pulse conditions: Width........ wSec........ 
Pulse shape... 


(d) Cathode temperature read at oa of shen. 


center 
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Lot No. Alloy Melt 
etition rate................ ~ 
“ 


III. Cathode: 
(a) Coating mix 
Coating date . 
c) Coating weight, mg. 
(d) Coating diameter, mils. 
(e) Coating weight per unit area, mg. 


per sq. cm. 
(f) Coating density, mg. per cu. mm. ................ 


- Analysis Before Life (at least 2 tubes on lot): 
(a) Plate diameter, mi 
(b) Coated K (cathode) diameter, mils . 

(c) P-K (plate-cathode coating) spac- 


ing, mils. 
(d) Plate ID (inside diameter) color 
e) Cathode coating texture 
Cathode coating hardness 
te) Cathode interface color 
(h) Dome deposit 


- faet sis after Life (at least 2 tubes per lot): 
late diameter, mils. 
6) Coated K (cathode) diameter, 


mils 
(c) P-K (plate-cathode coating) space 


ing, mi 

(4) Plate ID (inside diameter) color 
i Cathode coating texture 

( 


Cathode coating hardness 
) Cathode interface color 
) Dome deposit 


TABLE II.—ILLUSTRATIVE FORM FOR REPORTING GENERAL DATA. 


Com 
data apply ‘test lots numbered.:... 
Cathode Processing: 


(6) Firing temperature........... Time............ Atmosphere 


. Plate Processing: 
(a) Cleaning procedure. 


(6) Firing temperature Atmosphere 


. Mica Processing: 
(a) Cleaning procedure 


. Heater Processing: 
(a) Type of heater used 


(6) Temperature of highest firing... 


. Getter: 


2 and Stem } Cleaning Methods: 


. Exhaust: 
(a) Type of 


— 
158 ReEpPorRT OF COMMITTEE B-4 (APPENDIX) 
| 
~< 
VI 
‘ea VIII. Seasoni 
Step Ey Ep Ent Time 
- upply volts... Plate 


ON 


COPPER AND COPPER ALLOYS, CAST AND WROUGHT! 


Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought, held two 
meetings during the year: at New York, 
N. Y., on October 6, 1949, and at Phila- 
delphia, Pa., on January 25, 1950. At 
these sessions the Advisory Committee 
and Subcommittees W-1, W-2, W-3, W-4, 
G-1 and G-3 also met. 

During the year 7 members were 
added to the committee and there were 
12 removals. At the present time the 
committee consists of 133 members, of 
whom 113 are voting members; 51 are 
classified as producers, 45 as consumers, 
and 17 as general interest members. 

The committee records with sorrow 
the death of Carter S. Cole on November 
17, 1949. Mr. Cole had been a member 
of the committee for many years; he had 
been first vice-chairman from 1944 to 
1946 and secretary of Subcommittee 
F-1 since 1944. His personal qualities, 
his diligence, his expert knowledge of 
copper alloys and his position as a mem- 
ber of the Headquarters staff of the 
Society provided assistance which is 
sorely missed. 

At the meeting on January 25, 1950, 
the election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: a 

Chairman, G. H. Harnden. 

First Vice-Chairman, H. C. Ashley. 

Second Vice-Chairman, J. J. Kanter. 

Secretary, V. P. Weaver. 


RECOMMENDATIONS AFFECTING 
STANDARDS 
The committee is submitting revisions 


1Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 


in 14 tentative specifications and revi- 
sions in 7 standards for immediate adop- 
tion. The standards and _tentatives 
affected, together with the revisions 
recommended, are given in detail in the 
Appendix. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.? 


ACTIVITIES OF SUBCOMMITTEES © 


The following is the report of the 
several subcommittees during the year. 
The actions on standards are given in 
detail in the Appendix. 

Subcommittee W-1 on Plate, Sheet, 
and Strip (S. A. Rosecrans, chairman, 
W. D. France, secretary) recommended 
that revisions be incorporated in the 
following 9 tentative specifications: 


A.S.T.M. Designation Material a 
Cartridge Brass Fi 
Brass 
Leaded Brass 
Copper - Nickel - Zinc and 


Copper-Nickel Alloy 


Gilding Metal 

Copper 

Aluminum Bronze 

Beryllium Copper 

Beryllium Copper, 
Grade 


‘ 


Special 


Revisions for immediate adoption were 
recommended in two standard specifi- 
cations: 


B 97 for Copper-Silicon Alloy Plate, Sheet and 
Strip for General Purposes and 

B 103 for Phosphor Bronze Plate, Sheet and 
Strip. 


2 The letter ballot vote on these recommendations was 
favorable: the results of the vote are on record at A.S.T.M. 
Headquarters. 
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A task group (W. D. France, chair- 
man) prepared the revisions of chemical 
compositions in Specifications B 121. 
Another task group (G. R. Gohn, chair- 
man) prepared the revisions of physical 
properties in Specifications B 194 and 
B 195. 


ne Among the subjects being studied by 
oo the subcommittee are the addition of 

2 th sawed bar to plate specifications, the 

aw, z addition of alloy No. B 2 of Specifica- 
if z tions B 139 for Phosphor Bronze Rods, 


Bars, and Shapes to Specifications B 103, 
the use of Rockwell hardness information 
as a mandatory requirement in 8 plate, 
sheet, and strip specifications, the addi- 
tion of a new alloy to Specifications 
B 169 and the addition of two new alloys 
to Specifications B 171 for Copper-Alloy 
Condenser Tube Plates. 

Subcommittee W-2 on Rods, Bars, and 
Shapes (J. D. MacQueen, chairman) 
recommended that revisions be incor- 
porated in three tentative specifications: 
B 21 for Naval Brass, B 139 for Phosphor 
Bronze, and B 151 for Copper-Nickel- 
Zinc Alloy. Revisions for immediate 
adoption were recommended in Stand- 
ard Specifications B 140 for Leaded Red 
Brass (Hardware Bronze). 

Among the subjects being considered 
in the subcommittee are the inclusion of 
additional size ranges in Specifications 
B 133 for Copper Rods, Bars, and 
Shapes, the collection of Rockwell hard- 
ness data in anticipation of future inclu- 
sion of such requirements in rod and bar 
specifications, the addition of a new 
alloy to Specifications B 150 for Alumi- 
num Bronze, the revision of requirements 
for mechanica! properties in Specifica- 
tions B 196 for Beryllium Copper, and 
the possibility of specifications for forg- 
ings. 

Subcommittee W-3 on Wire and Wire 
Rod (B. J. Sirois, chairman) recom- 
mended that revisions be incorporated 
in two tentative specifications: B 197 for 


Report or Commirree B-S 


Beryllium Copper and B 206 for Copper- 
Nickel-Zinc Alloy. Revisions for immedi- 
ate adoption were recommended in 
Standard Specifications B 134 for Brass. 

A task group (H. S. Freynik, chair- 
man) prepared the revisions for tensile 
requirements in Specifications B 197. 
Another task group (W. D. France, 
chairman) prepared the revision of lot 
size for sampling for chemical analysis 
in Specifications B 134. 

Subcommittee W-4 on Pipe and Tube 
(Alan Morris, chairman, R. S. Pratt, 
secretary) recommended revisions for 
immediate adoption in two standard 
specifications: B 88 for Seamless Copper 
Water Tube and B 111 for Copper and 
Copper-Alloy Seamless Condenser Tubes 
and Ferrule Stock. 

Among the subjects under considera- 
tion in the subcommittee are the devel- 
opment of requirements for automotive 
and refrigeration service tube, review of 
temper requirements in Specifications 
B 75 for Seamless Copper Tubes, review 
of Rockwell hardness requirements in 
tube specifications and the addition of 
90-10 copper-zinc alloy to Specifications 
B 135 for Seamless Brass Tubes. For 
Specifications B 111, the subcommittee 
is studying the revision of dimensional 
tolerances, the addition of requirements 
for drawn temper for copper-nickel 
alloys, and the addition of a copper- 
nickel-aluminum alloy. 

Subcommittee F-1 on Castings, and 
Ingots for Remelting (G. H. Clamer, 
chairman) is reactivating the task group 
to review Specifications B 61 for Steam 
or Valve Bronze and B 62 for Composi- 
tion Brass or Ounce Metal and is study- 
ing the preparation of a document similar 
to the “Code of Procedure in Inspection 
of Copper-Base Alloy Sand Castings” 
adopted by the British Standards In- 
stitution in 1947. In cooperation with 
Committee E-3 the subcommittee is 
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studying the revision of provisions for 
sampling for chemical analysis in speci- 
fications for ingots and castings. 

Subcommittee G-1 on Methods of Test 
(G. R. Gohn, chairman, J. P. Guerard, 
secretary) recommended revisions for 
immediate adoption in the Standard 
Method of Mercurous Nitrate Test for 
Copper and Copper Alloys (B 154 - 45). 

The subcommittee is continuing its 
studies on the effect of speed of testing 
on tensile properties, the relation of 
Rockwell hardness to thickness of speci- 
men, and the revision of Standard 
Method B 154. 

Committee E-1 on Methods of Testing 
has under consideration a revision of the 
Standard Methods of Tension Testing 
of Metallic Materials (E 8 - 46) to in- 
corporate the requirements now included 
in the Tentative Methods of Tension 
Testing of Copper and Copper-Alloy 
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Subcommittee G-2 on Tolerances (J.E. 
McGraw, chairman) recommended the 
revisions of straightness tolerances for __ 
slit materials in 11 plate, sheet, and strip = 
specifications. 

Subcommitiee G-3 on Editorial and ‘ae 
Publications (W. F. Roeser, chairman) 
is continuing the study of nomenclature 
and classification of wrought alloys under | 
the jurisdiction of the committee. 


This report has been submitted to - 
letter ballot of the committee, which 
consists of 113 voting members;92 mem- > 
bers returned their ballots, of whom 89 e! 
have voted affirmatively and 0 nega- _- 
tively. 


Respectfully submitted on behalf of 
the committee, 
G. H. HARNDEN, 
Chairman. 
V. P. WEAVER, 
Secretary. 
+ 
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RECOMME N D ATIONS AFFECTING STAND: 


ARDS FOR COPPER AND 


COPPER ALLOYS, CAST AND WROUGHT 


In this Appendix are given the recom- 
mendations affecting certain standards 
covering copper and copper alloys which 
are referred to earlier in this report. 
The standards appear in their present 
form in the 1949 Book of A.S.T.M. 
Standards, Part 2. fe 

REVISIONS OF TENTATIVE 
SPECIFICATIONS 


The committee recommends that the 
following 14 tentative specifications be 
revised as indicated below and continued 
as tentative. 


Tentative Specifications for Cartridge 
Brass Sheet, Strip, Plate, Bar and 
Disks (B 19 - 49 T): 

Table X.—Revise the portion headed 

“Slit Metal” to read as follows: 


Straightness Tolerance, in 


| As Slit and 
Either 

Straightened, 
or Edge 
Rolled 


Ship Flat, 
in Rolls, or 
on Bucks 


As Slit Only 


Tentative Specifications for Brass Plate, 
Sheet, and Strip (B 36-49T): 


Table VIII.—Revise the portion 
headed “Slit Metal and Slit Metal with 
Rolled Edges” as indicated above for 
Table X in Specifications B 19. 


Tentative Specifications for Leaded 
Brass Plate, Sheet, and Strip (B 121 - 
49 T): 


Section 1 (a).—Revise the table of 
nominal compositions to read as follows, 
indicating that six instead of five alloys 
are specified, and delete Footnote a: 
Nominal Composition 


Copper, inc, 
per cent 


0.5 

0.5 
1.0 4.0 ~~ 
1.8 , 35.2 
2.0 
2.5 


per cent 


33.0 
34.5 


Section 4.—Delete Footnote a, and 
revise the table of chemical compositions 
to read as follows: 


Zinc, per 
cent 


Iron, 
max., 
|per cent 


Lead, 
per cent 


Copper, 
per cent 


Overi to2, 
Over 2 to4 , incl. 


Over \% to %, incl........... 
Over to incl 
Over tol ,i 


Tentative Specifications for Naval Brass 
Rods, Bars, and Shapes (B 21 - 49 T): 
Table I.—For alloy C change the lead 

content range from the present “1.25 

to 2.25” to read “1.3 to 2.2” per cent. 


89.0 to 91.0 | 


remainder 
remainder 
| remainder 
| remainder 
remainder 
| remainder 


Tables I, II, and III.—Add alloy 


No. 5 to the group designated alloy 
Nos. 2, 3, 4 and 6. 


Table VIII.—Revise the portion 
headed “Slit Metal and Slit Metal with 


-| 60.5 to 64.5 


— 
| 
| 
| 
; 
5 65.0 
63.0 
| 
| 
2 6 3100.7 | 0.10 
3 6 8 to 1.4 0.10 
4. 6 $to2.3 | 0.10 
5 $to2.5 | 0.10 
6 to 3.0 | 0.10 
| ‘} 
| 
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Rolled Edges” as indicated above for 
Table X in Specifications B 19. 


Tentative Specifications for Copper- 
Nickel-Zinc and Copper-Nickel Alloy 
Plate, Sheet, and Strip (B 122 - 49 T): 


Table VIII.—Revise the portion 
headed “Slit Metal and Slit Metal with 
Rolled Edges” as indicated above for 
Table X in Specifications B 19. 


Tentative Specifications for Gilding 
Metal Strip (B 130-49 T): 


Table VIII.—Revise the portion 
headed “Slit Metal and Slit Metal with 
Rolled Edges” as indicated above for 
Table X in Specifications B 19. 


Tentative Specifications for Phosphor 
Bronze Rods, Bars, and Shapes 
(B 139 - 49 T): 


Table I.—In the last line of the first 
column and in Footnote a delete the 
words “plus lead”’. 

Add a new Footnote 6 referenced after 
the value “99.5” for alloy B1 to read 
“® For alloy B 1 the minimum percentage 
of 99.5 includes lead content as well as 
copper plus tin plus phosphorus.” 

Reletter the present Footnote 0 as c, 
adding the words “lead and” after the 
word “includes” and delete the words 
“plus lead.” 


Tentative Specifications for Copper- 
Nickel-Zinc Alloy Rods and Bars 
(B 151 - 49 T): 


Table I.—For alloy C change the lead 
content range from the present “0.75 
to 1.25” to read “0.8 to 1.2” per cent. 


Tentative Specifications for Copper 
Sheet, Strip, and Plate (B 152 - 49 T): 


Table IX .—Revise the portion headed 
“Slit Metal and Slit Metal with Rolled 
Edges” as indicated above for Table X 


in Specifications B 19. 
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Tentative Specifications for Aluminum 
Bronze Plate, Sheet, and Strip (B 169 
-49T): 


Table VII.—Revise the portion 
headed “Slit Metal and Slit Metal with 
Rolled Edges” as indicated above for 
Table X in Specifications B 19. 


Tentative Specifications for Beryllium- 
Copper Alloy Plate, Sheet, and Strip 
(B 194-49T): 


Table IIT.—Revise to read as shown in 
the accompanying Table I. 


TABLE I.—MECHANICAL TEST REQUIREMENTS 
FOR COLD-ROLLED PLATE, SHEET AND STRIP 
_AS SUPPLIED COMMERCIALLY. 


| Rockwell Hardness* 

Tensile Strength, 
psi. Superficial 
Cond B scale | 
min. max. min. | max. 
65000 | 78000 |...| 79 ... [67.0 
+H....| 76000 | 88000 | 74) 9064.0 75.5 
4H....| 86000 102 000 | 89| 9674.5 |79.5 
| 105 000 (125 000 97 102 80.5 83.5 


. The minimura thickness of material that may be oF 
tested in the case of the above Rockwellhardnessscalesis = | 


as follows: 
Thickness, in. 


Table III.—Delete all of the present 
Rockwell hardness requirements and 


replace with the following, revising the — 
present Footnote 6 as indicated: 


Rockwell Hardness’, min 
Superficial 
Condition C Scale 30 N Scale 
38 59.5 


The minimum thickness of material that 
tested in the case of the above Rockwell hardness scales is 
as follows: 

Thickness, in. 
0.032 and over 
0.010 and over 


Table VIII.—Revise the portion 
headed “Slit Metal and Slit Metal with 
Rolled Edges” as indicated above for 
Table X | in Specifications B 19. 


| 
| 4 ¢ 


0.010 andover 


i 
gt 
a! 


¥ 


RePort OF BS (APPENDIX 


New Appendix.—Add an Appendix 
II to read “Table IX (accompanying 
Table II) shows the approximate re- 
lationship between tensile strength and 
Vickers diamond pyramid hardness. The 
tensile values given in the table are those 
specified as limiting values in Tables 
II and III.” 


- Tentative Specifications for Beryllium- 


Copper Alloy Strip, Special Grade 
(B 195 - 49 T): 


Table II.—Revise to read as shown in 
the accompanying Table I except the 


TABLE II.—APPROXIMATE RELATIONSHIP 
BETWEEN TENSILE STRENGTH AND 
VICKERS DIAMOND PYRAMID 
HARDNESS 


Vichors 
Tensile Strength, psi. 


Load 5-Kg. Load 


142 
157 
195 
201 
233 
238 
271 
335 
356 
373 
387 
| 394 


* Applies to thicknesses of 0.010 in. and over. 


title shall read “Mechanical Test Re- 
quirements for Cold-Rolled Strip (Special 
Grade) As Supplied Commercially.” 

Table III.—Add the following hard- 
ness requirements: 


Rockwell Hardness®, min. 
Sa rficial 
Scale 
55.0 


59.5 


38.5 60.0 


>The minimum thickness of material that ma: be 
tested in the case of the above Rockwell hardness 
as follows: 
Thickness, in. 
0.032 and over 
. 0.010 and over 


Table VIII.—Revise as_ indicated 
above for Table X in Specifications B 19, 
omitting the last line of Table X. 

New Appendix.—Add an Appendix to 
read as indicated above for new Ap- 
pendix II in Specifications B 194. 


Tentative Specifications for Beryllium- 
Copper Alloy Wire (B 197-49 T): 


Table III.—Revise to read as shown 
in the accompanying Table III. 


TABLE III.—MECHANICAL TEST REQUIREMENTS 
FOR WIRE AFTER PRECIPITATION 
HARDENING. 
Tensile Strength, psi. 
160 000 to 190 000 
175 000 to 205 000 
185 009 to 215 000 
190 000 to 220 000 


* Three-quarter hard temper is generally available in 
diameters up to 0.080 in., inclusive. 


Condition 


Tentative Specifications for Copper- 
Nickel-Zinc Alloy Wire (B 206 - 49 T): 
Table I.—For alloy C change the lead 

content range from the present “0.75 

to 1.25” to read “0.8 to 1.2” per cent. 


REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 

The committee recommends, for im- 
mediate adoption, revisions in 7 speci- 
fications as indicated below and ac- 
cordingly asks for a nine-tenths affir- 
mative vote at the Annual Meeting 
in order that these modifications may be 
referred to letter ballot of the Society. 


Standard Specifications for Seamless 
Copper Water Tube (B 88 - 49): 


Section 1.—In the fourth line after the 
word “services” add the word “drain- 
age.” 

Section 3—For type M add “Sizes 
14, 1}, and 2 in. are suitable solely for 
soil, waste, and vent lines, and other in- 
terior non-pressure uses.” 

Table II.—Revise by the addition of 
the sizes shown in the accompanying 
Table IV. 


164 
C= 
180 000 2ec 
185 000 
the AT.. 
HT 


“4. 


RECOMMENDATIONS ON STANDARDS FO 


Under the headings for types K, L, 
and M add the following: 


“Type K.—Recommended for underground 
service, general plumbing and heating purposes 
involving severe service conditions, and for gas, 
steam and oil lines. 

Type L.—Recommended for interior applica- 
tions involving general plumbing and heating 
purposes. 

Sizes 24 to 12 in., inclusive, rec- 
ommended for use with soldered 
fittings only, for interior applica- 
tions involving general plumbing 
and heating purposes. 

Sizes 1} to 12 in., inclusive, rec- 
ommended for use with soldered 
fittings only, for waste, vent, 
and soil lines, and for other 
interior non-pressure applica- 
tions.” 


a 
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to read “* For alloys B and B-1 the — 
minimum percentage of 99.5 includes 
lead content as well as copper plus tin 
plus phosphorus.” 

Table VII.—Revise the portion 
headed “Slit Metal and Slit Metal with 
Rolled Edges” as indicated above for 
Table X in Tentative Specifications B 19. 


Standard Specifications for Copper and 
Copper-Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 111 - 49): 


Table I.—For aluminum brass delete 
Footnote c and reletter subsequent foot- 
notes accordingly. 

For copper-nickel alloys add minimum 
copper content as follows; also retain 
footnote /: 


TABLE I1V.—ADDITIONAL SIZES OF SEAMLESS COPPER WATER TUBE. 


Average Outside 


Standard Water Diameter 


Wall Thickness, in. 


Tube Size, in. Tolerance, in. 


Type L Type M 


Type L 


Annealed | Drawn 


Nominal |Tolerance 


Nominal |Tolerance 


0.002 0.001 


0.030 


0.0035 vr 

0.042 
0.049 
0.058 


Section 15(a).—Revise “20 ft.” to 
read “either 12 ft. or 20 ft.” 


Standard Specifications for Copper- 
Silicon Alloy Plate, Sheet and Strip 
for General Purposes (B 97-49): 


Table VIII.—Revise the portion 
headed “Slit Metal and Slit Metal with 
Rolled Edges” as indicated above for 
Table X in Tentative Specifications 
B19. 


Standard Specifications for Phosphor 
Bronze Plate, Sheet, and Strip 
(B 103 - 49): 

Table I.—In the sixth line of the first 
column delete the words “plus lead.” 


Add a Footnote a referenced after the 
value “99. 5” for alloys B and B- 1 


70-30 copper-nickel 
80-20 copper-nickel: 
Type A 
Type 
90-10 copper-nickel 


For 90-10 copper-nickel alloy 
the iron content from the present “1.0 


max.” to read “0.5 to 2.0” per cent. 
Standard Specifications for Brass Wire 
(B 134 - 49): 


Section 5.—Change the present lot 
e “10,000 lb.” to read “5000 Ib.” — 


Standard Specifications for Leaded Red i 
Brass (Hardware Bronze) Rods, Bars, _ 


and Shapes (B 140-49): 
Section 4.—For alloy A change the 


lead content range from the present _ 


“1.50 to 2.25” to read “1.5 to 2.2” | 
per cent. B the lead 


= 
| Type M 
= 
74.0 | 
70.0 


content range from the present ‘1.25 
— to 2.25” to read “1.3 to 2.2” per cent. 


: - Standard Method of Mercurous Nitrate 
Test for Copper and Copper Alloys 
(B 154-45): 


a _ Section 1.—Revise the second sentence 
to read “This test is an accelerated cor- 
7 rosion test for the purpose of determining 
ene in copper or copper-base alloy products, 

7 the presence of residual (internal) stresses 
which might bring about failure of the 
material in service or storage through 
season cracking.” 


REPORT we Commrrrez BS 1) 


Revise the beginning of Note 1 to 
read “The following definitions are 
supplied for information.” 

Add a new Note 2 to read “This 
method was originally prepared to cover 
the mercurous nitrate testing of certain 
mill products supplied in accordance with 
A.S.T.M. Committee B-5 specifications. 
While the method of test has also been 
used for testing assemblies and partial 
assemblies, the method was not written 
with that intent and some modification 
may be required for such use.” 


a 


Committee B-6 on Die-Cast Metals 
and Alloys held two meetings during the 
year: one in Atlantic City, N. J., on 
June 29, 1949, and one in Pittsburgh, 
Pa., on March 1, 1950, with an attend- 
ance of 31 and 45, respectively. 

Subcommittee IV on Physical Tests 
on Die Castings has been discharged 
since it has completed its agenda. 

There is a balance of $2642.29 in the 
funds of Committee B-6, as of December 
31, 1949. 

At the present time, the committee 
consists of 92 members, of whom 43 are 
classified as producers, 23 as consumers, 
and 26 as general interest members. 


REVISION OF TENTATIVE 


The committee recommends a revi- 
sion in the following tentative specifica- 
tion: 


Tentative Specifications for Aluminum- 
Base Alloy Die Castings (B 85 - 49 T)? 


Table I.—Change the maximum limit 
for zinc in alloys SC5 and SC6 from 0.6 
per cent to 1.0 per cent. 


ADOPTION OF TENTATIVE 
AS STANDARD 


The committee recommends that the 
Tentative Specifications for Copper-Base 
(Brass) Alloy Die Castings (B 176 - 49 T)” 
be approved for reference to letter ballot 
of the Society for adoption as standard. 


1 Presented at Dg Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
2 1949 Book of * S.T.M. Standards, Part 2, p. 579. 
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These recommendations have been 
submitted to letter ballot of the com- 
mittee, the results of which will be re- 
ported at the Annual Meeting.’ 


Subcommittee I on Aluminum-Base 
Die-Casting Alloys (J. J. Bowman, chair- 
man) recommended, in view of the favor- 
able results obtained by a Task Group 
on the study of the effect of zinc con- 
tamination on the properties of SC5 and 
SC6, that the maximum zinc content for 
these alloys as given in Specifications 
B 85 - 49 T be raised from 0.6 to 1.0 per 
cent. 

Subcommittee V on Exposure and Cor- 
rosion Tests (W. M. Peirce, chairman) 
completed the testing of the magnesium- 
base and zinc-base alloys from five out- 
door and three indoor sites after 10 yr. 
of exposure. The results of the original 
properties of these alloys and the 5-yr. 
aging data were included in the 19394 and 
1946 reports,® respectively. The 10-yr. 
data are given in Table I appended to 
this report. 

The remaining lot of magnesium-base 
and zinc-base alloy specimens will be 
left at these eight sites until 1959 for a 
total exposure of 20 yr. 

Subcommittee IX on Die-Casting Pro- 
cess (A. E. Martin, chairman) reported 


3 The letter ballot vote on these recommendations was 
favorable: the results of the vote are on record at A.S.T.M. 
Headquarters. 

a 4 pcan Am. Soc. Testing Mats., Vol. 39, p. 280 
1939) 
5Ibid., Vol. 46, p. 244. 
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TABLE I—MECHANICAL PROPERTY DATA ON MAGNESIUM-BASE AND ZINC-BASE ALLOY SP 
AFTER 10-YR. ATMOSPHERIC EXPOSUR ¥ SPECIMENS 


ft-lb. 
y 
Bars) 


Analyzed 
Composi- 
tion, per 


th 


Charpy Impact 
Stren; 
(4 b 


Type 


Outdoors | Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. J 
State College, Pa. 


Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 

State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors | Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 

State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors | Key West, Fla. 
J. 


o 
= 


Neo 


2 


S8tst 


88S SSS SEES° SSES° SES SSS SSSSE SEE 
838 


= 
o 
= 


8 
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State College, Pa. 


Coco Solo, C.Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 
State College, Pa. 


Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Key West, + 
Sandy Hook, N 5. 
New Yo .Y: 
Altoona, Pa. 
State College, Pa. 


Coco Solo, €. Z. 
New Kensington, Pa. 
cson, Ariz. 


Key West, Fie. 


sear 
ne 


State College, Pa. 


Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Sees £es 
BSR wow 


Key West, Fla. 


Oo 


_| Rock- |Dimen- 
Exposure Tensil | well | sional 
a: psi. cont ry 
Location 
XXIa | A | Al...4.2 
Cu...2.8 
Mg... .0.04 
| D | AL...3.8 | Outdo 
a Cu...2.8 
Mg...0.05 
XXIa J | Al...4.2 
Cu...2.8 
y Mg...0.05 
@ 
Cu...2.6 
j Mg.. .0.05 
=. 
Indoo: 
rs XXIa | S | Al....4.1 | Outdo 
Cu...3.0 
XXIa | Z | Al....4.3 | Outdo 
Cu...2.8 
ie. 
| | | Outde 
| Mg...0.05 
4. > 
| 
| Mg. ..0.05 Sandy Hook, N. J. 33 300 61° —0.0005 
‘us ai | New York, N. Y. 30 800 3 81 —0.0010 
Altoona, Pa. 32 100 4 71 0.0009 
| | State College, Pa. 33400 | 33 | | 75 —0.0003 


On Die-Cast METALS AND ALLOYS 


TABLE I.—Continued 


Analyzed Ag | 

nalyzec Exposure i 
Pro- | Composi- ats 
ducer | tion, per : 


cent 


(% by %-in. 
Bars) 


Strength, ft-lb. 


Charpy Impact 


Type Location 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


a 


Outdoors | Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 
State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


XXIII ....4.1_ | Outdoors | Key West, Fla. 
0.05 


State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors | Key West, Fla. 
Sandy Hook, N. J. 

New York, N. Y. 

Altoona, Pa. 

State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors | Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 
State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors | Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 

State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors | Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 
State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors | Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 

| State College, Pa 


Indoors | Coco Solo, C. Z. 
New Kensington, Pa 
Tucson, Ariz. 
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| | 4 
| Rock- |Dimen- 
longa-| “well | sional 
Alloy tionin| ap» 
No. 2 Hard- | in. per 
er cent) ness | 6 in. 
32 500 22 75 |—0.0003 
34 700 13 74 |—0.0004 
33 800 14 79 |—0.0006 : 
XXIII | P AL...3.3 31 400 | 22 76 0.0021 
Mg...0.( 32 890 18 19 61° | 0.0000 : 
30 400 33 24 80 |—0.0010 
32 200 43 11 70 |-0.0011 
D 33 400 33 15 74 |—0.0002 
31900 | 44 28 76 |—0.0001 
34 400 41 25 75 |—0.0005 
33 700 | 40 23 79 |—0.0007 
34 000 24 13 62° |—0.0001 
31 600 30 18 82 |—0.0006 J 
33700 | 46 12 73 |-0.0006 
' 33900 | 21 13 75 |—0.0002 
» 33 100 44 20 78 |-0.0001 
35 400 40 17 75 |—0.0003 
34.800 | 40 17 80 |—0.0005 
XXV A 36 100 13 85 0.0000 
29 8 79° |—0.0005 
: Mg...0. 27 5 89 0.0003 
| 26 3 75 0.0003 
26 5 83 |—0.0008 
7 35 17 84 |—0.0006 
31 13 88 |—0.0007 ‘ 
XXV D | Al....3. 87 0.0010 
30 5 82° |—0.0004 
hee Ay Mg...0. 26 3 90 0.0015 
16 3 86 |—0.0005 
38 88 | 0.0006 
xxv | J | AlL...4. 84. | 0.0003 
Mg...0. 34100 | 19 87 |—0.0002 
ee 32 600 19 72 0.0013 
37 400 30 81 |—0.0013 
‘ 
35 900 32 82 |—0.0006 
38 500 | 38 81 |—0.0014 
37 600 34 86 |—0.0010 
‘ 
37 900 27 75° |—0.0014 
Mg...0. 34 800 28 87 |—0.0003 
| 33 700 24 73 0.0003 
. 
82 |—0.0019 
: Cu...1 75° —0.0004 
Mg...0 89 0.001: 
74 0.0013 
81 |—0.0007 
86 |—0.0001 
83 |—0.0007 
87 |-0.0006 


TABLE I.—Continued 


ft-lb 


(%4 by \-in. 


Bars) 


Exposure ot 


Strength 


Charpy Impact. 


Type | Location 


Outdoors | Key West, Fla. 
Sandy Hook, N. J. 
New York, N. 
Altoona, Pa. 
State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors | Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 

State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors 


Altoona, Pa. 
State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


| Outdoors | Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 

State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors | Key West, Fla. 
le Sandy Hook, N. J. 
Poa! New York, N. Y. 
Altoona, Pa. 
|: State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors | Key West, Fla 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 
State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoor Key West, Fla. 
Ys Sandy Hook, N. J. 
New York, N. Y. 

Altoona, Pa. 

State College, Pa 

Indoors Coco Solo, C. Z. 
New Kensington, Pa 
Tucson, Ariz. 


Outdoors | Key West, Fla. 


& 


| State College, Pa. 


Coco Solo, C. Z. 
| New Kensington, Pa. 
| Tucson, Ari 


enw 


170 Report oF ComMITTEE B-6 
on Rock a 
| Pro- | Composi- tion in = roo 
No. |/ducer| tion, per 2 in., | Hard- | in. per 
cent | per cent) “hess 6 
35 600 4 15 86, | 0.0003 
Cu.. 38700 | 31 10 75° |—0.0006 
Mg. 35 500 29 6 89 0.0016 
eS 34 600 24 4 74 0.0013 
> 38 700 18 8 84 |—0.0009 
37 000 36 15 85 |—0.0002 
ns 39 700 42 20 83 |—0.0009 
38 700 | 87 |—0.0007 
307 H | Al... 27 700 0.0002 
22 700 65 0.0017 
pe ‘ Mn. 19 600 57 0.0124 
a. 17 200 64 | 0.0244 
; 24 700 67 0.0018 
28 300 64 0.0030 
30 600 63 0.000§ 
29 900 43> |—0.000% 
| 30 400 68 | 0.000 
~ a Si... 0.1 27 100 63 0.0011 
=a Mn...0.24 20 500 59 0.0084 
19 100 61 0.0132 
28 200 69 0.0002 
31 100 64 0.0011 
ba 32 900 38° | 0.0001 
M | AL. 25 300 .. | 0.0005 
< Si 22 600 o 0.0006 
n. 17 700 0.006 
15 800 59 0.0143 
TE 23 400 67 | 0.0010 
25 900 63 | 0.0026 
ee 26 400 64 0.0010 
26 100 41° |—0.0003 
312 H | Al... 8.9 28 400 ..  |—=0.0003 
632 25 800 73 0.0009 
Mn...0.14 20 600 76 0.0090 
19 700 71 0.0201 
"eg 29 200 79 0.0009 
28 700 76 0.0021 
29 700 75, | 0.0002 
29 800 47° | 0.0008 
a 312 K | Al....9.4 | 30 100 78 0.0004 
| | Si....0.3 | 26 200 75 0.0016 
Mn. 0.24 | 23 800 76 0.0044 
21 700 72 | 0.0126 
4 30 100 75 0.0020 
7 as 32 800 76 | 0.0021 
ed > =) 33 300 73 0.0013 
— 34 100 45° | 0.0001 
M | Al. 10.3 30 700 |79-0008 
27 200 0.001 
ee Mn.. 0.14 23 000 80 | 0.0119 
21 100 80 0.0141 
31 100 83 0.0017 
33 400 83 0.0020 
31 800 82 0.0014 
32 300 46° |—0.0005 
313 H | AL. 8.5 | 28 000 79 |—0.0001 
‘ Si. 0.2 26 300 73 0.0017 
Mn...0.14 | 19 800 67 0.0102 
Zn.. 0.4 18 300 | 67 0.0245 
* 28 300 76 | 0.0006 
Indoors 30 300 76 0.0028 
29 000 73 0.0010 
| 28 800 | 36° |—0.0004 


On Die-Cast METALS -AND ALLOYS 


| 


Alloy | Pro- i + Exposure 7 Bt Tensile | 
No. ducer} ti Strength, 
Type | 


TABLE I1.—Continued 


Charpy Impact 


ft-lb. 


(\% by \-in. 


Strength 


Location 


Outdoors | Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 

State College, Pa. 


Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 

State College, Pa. 


Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Key West, Fla. 
N. J. 
New York, N. Y. 
Altoona, Pa. 

State College, Pa. 


Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Key West, Fla. 
Sandy Hook, N. J. 
New York, N. Y. 
Altoona, Pa. 

State College, Pa. 


Indoors Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


Outdoors | Key West, Fla. 
| Hook, N. J. 


na, Pa. 
State College, Pa. 


Coco Solo, C. Z. 
New Kensington, Pa. 
Tucson, Ariz. 


~ 


2 
2 
2 
2 
2 
1 
1 
2 
3 
4 
2 
1 
2 
1 
1 
1 
3 
2 
2 


® Specimens lost. 

> Brinell hardness. 

€ The original cross-sectional areas were used in computing the tensile strengths. 

Specimens did not break in Izod Machine of 60 ft-lb. capacity. 

* Dimensional measurements have little value for these magnesium alloys because their internal change, if any, was 
overshadowed by the surface condition of the specimens. Where the surface corrosion products adhered to the specimens, 
the dimensional change measurements were quite appreciable. Where these corrosion products had eroded away, the 
measured dimensional changes were of lesser magnitude. 

Izod impact strength. 


| 
| Rock- |Dimen- 
on in | well sional t 
ee ard- | in. per I 
“| ness 6 
313 K | Al....8.6 31 000 74 0.0001 ; 
27 600 74 0.0010 
Mn...0.22 23 400 73 0.0107 ae 
Zn. ..0.6 21 100 72 0.0249 
30 800 77 0.0021 
33 100 74 | 0.0026 
32 900 72 0.0010 
| 32 600 42° | 0.0000 
313. | M | Al....8.6 | Outdoors 26 700 | 0,002 
26 500 74 0.0005 
Zn. ..0.5 17 300 72 0.0201 ? 
29 200 75 | 0.008 
Indoors 27 800 75 0.0030 
28 800 75 0.008 ~ 
| 30 200 49> |-0.0003 } 
314 H | Al... 6.9 | Outdoors 31 100 77 | 0.00010 
Si. ...0.2 23 200 71 0.0008 
Mn...0.14 17 600 70 0.0122 
Zn. ..1.8 15 800 67 0.0189 8 | 
26 100 74 0.0017 
Indoors 31 000 76 0.0025 ~ 
32 200 73 0.0010 
31 500 Si |-0.0007 
| | AL...6.4 | Outdoors .. | 0.008 
Si....0 27 600 71 0.0015 
Mn...0.33 17 400 70 0.0062 
Zn. ..2.3 17 600 64 0.0102 4 
ae 30 400 74 0.0018 
33 500 75 | 0.0007 
34 300 64 0.0013 
35 000 48> | 0.0003 
M 24 200 | 0.009 
ts Si. ...0 23 500 70 0.007 
ae Mn...0.2 17 700 66 0.0095 7, 
24 900 74 0.0017 
. Indoors 31 700 76 | 0.0034 
31 100 72 | 0.0011 
it 30 600 38° | 0.0003 
- & 
at 


REPORT OF 
_ that Task Groups AZ and BZ are making 
ae progress with the design of the test cast- 
ing die for hot- or cold-chamber casting 
my of zinc alloys. 

Task Group E on Pressure Studies has 
iad developed a satisfactory method for 
De g measuring metal pressures within the test 
casting die. With this procedure it is 

_ planned to study the effect of pressure 
on the quality of die castings. 

_ The subcommittee is sponsoring a 

paper by E. N. Jacobi on ‘‘Flow Calcu- 

lations for Die Casting Applied to the 

AS.T.M. Committee B-6 Test Casting 

Die” for publication in the ASTM But- 


SYSTEM FOR ALLOYS 


In view of a number of negative letter 

ballot votes on the proposed usage of a 
new code identification system, com- 

_ monly known as the Frankford Arsenal 
system, for all of the alloys under the 
‘jurisdiction of Committee B-6, the com- 


_ mittee has not yet approved its adoption. 
In order to bring about greater unity on 
* ASTM BvLtetin, No. 166, May, 1950, p. 65. 


CoMMITTEE B-6 


this subject, a Task Group has been 
appointed to study the negative votes 
and try to devise a satisfactory com- 
promise, with the idea of later recom- 
mending a new letter ballot. 


A Nominating Committee, consisting 
of D. L. Colwell, F. C. Bennett and J. 
C. Fox, was appointed to present, at the 
June meeting, nominees for the offices of 
chairman, vice-chairman, and secretary. 
The current officers have been reelected 
for the ensuing term of two years. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 92 members; 85 members re- 
turned their ballots, of whom 78 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. R. Townsenp, 
Chairman. 
G. L. WERLEY, ey 


Secretary. 


aw 


Committee B-7 on Light Metals and 
Alloys, Cast and Wrought, held two 
meetings in the past year: one in Atlantic 
City on June 28, 1949, and the other 
in Pittsburgh on March 2, 1950. 

During the year 44 members were 
added to the committee and there were 
3 removals. At the present time, the 
committee consists of 76 members of 
whom; 36 are classified as producers, 
28 as consumers, and 12 as general in- 
terest members. 

The election of offices for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, I. V. Williams. aa 

Vice-chairman, W. Bonsack. Bis 

Secretary, J. J. Bowman. mares 

Committee B-7 is continuing to work 
on the preparation of a corrosion test 
program under a special subcommittee 
which was organized last year. This 
subcommittee has on hand most of the 
material which is to be exposed during 
this test; it is expected that the actual 
exposure of the specimens will start 
either this year or early next year. 


RECOMMENDATIONS ACCEPTED BY THF 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee B-7 presented to the 
Society through the Administrative Com- 
mittee on Standards the following recom- 
mendations: 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 


REPORT OF COMMITTEE 
ON 


New Tentative Method of: 


173 


Measuring Thickness of Anodic Coatings on 
Aluminum by Means of the Filmeter (B 244 - 
49 T). 


Revision of Tentative Specifications for: 


Aluminum-Base Alloy Permanent Mold Castings 
(B 108-48 T), and 

Aluminum-Base Alloys in Ingot Form for Sand 
Castings, Die Castings, and Permanent 
Mold Castings (B 179 - 48 T). 


These recommendations were accepted 
by the Standards Committee on Septem- 
ber 22, 1949, and the new and revised 
tentatives appear in the 1949 Book of 
A.S.T.M. Standards, Part 2. 

Revisions of the Tentative Specifica- 
tions for Magnesium-Base Alloys in 
Ingot Form for Sand Castings, Die 
Castings and Permanent Mold Castings 
(B93-49T) were accepted by the 
Standards Committee on December 14, 
1949. The revised tentative specifications 
appear in the 1949 Book of A.S.T.M. 
Standards, Part 2. 

On December 21, 1949, the Adminis- 
trative Committee on Standards ac- 
cepted the following recommendations 
submitted by Committee B-7: 


Revision of Tentative Specifications for: 


Magnesium-Base Alloy Sheets (B 90-49 T), 

Magnesium-Base Alloy Bars, Rods and Shapes 
(B 107 - 49 T), 

Magnesium-Base Alloy Permanent Mold Cast- 
ings (B 199 - 47 T), and 

Magnesium-Base Alloy Extruded Round Tubing 
(B 217 - 48 T). 


The revised tentative specifications 


| 
| 
LIGHT METALS AND ALLOYS, CASTAND WROUGHT! 
4 
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if 


appear in the 1949 Book of A.S.T.M. 
Standards, Part 2. 


New TENTATIVE 


The committee recommends the ac- 
ceptance of the proposed Tentative 
Specification for Aluminum Alloy Die 
Forgings as appended hereto.? 


REVISION OF TENTATIVES 


The committee is submitting revisions 
in 9 tentative specifications. The tenta- 
tives affected, together with the revisions 
recommended, are given in detail in the 
Appendix. 

During the year, the committee has 
editorially revised all of the product 
specifications under its jurisdiction to 
incorporate a revised designation system 
for the alloys. This designation system 
is very similar to the one that has been 
in use for the magnesium alloys, with 
some revisions which have made it more 
universally applicable. 


2 The new specification was accepted by the Society 
and appears in the 1950 Supplement to Book of ASTM 
Standards, Part 2. 


ifs 


mendations: 


Revision of Tentative Specifications for: 


Castings (B 179-50 T). 


REPORT OF COMMITTEE B-7 


through the Administrative Committee on Standards the following recom- 


7 Aluminum and Aluminum-Alloy Sheet and Plate for Use in Pressure Vessels (B 178 —- 50 T), 


Aluminum-Base Alloy Sand Castings (B 26 - 50 T» 
: Aluminum-Base Alloy Permanent Mold Castings (B 108 - 50 T), 
-. Aluminum-Base Alloys in Ingot Form for Sand Castings, Die Castings, and Permanent Mold 


These recommendations were accepted by the Standards Committee on Sep- 
tember 26, 1950, and the revised tentative specifications appear in the 1950 
Supplement to Book of ASTM Standards, Part 2. 


TENTATIVE CONTINUED 
WITHOUT REVISION 


The committee recommends that the 
Tentative Specification for Aluminum 
Bars for Electrical Purposes (B 236 - 
48 T) be continued in its present status 
without change. 

The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee, the 
results of which will be reported at the 
Annual Meeting.’ 


This report has been submitted to a 
letter ballot of the committee, which 
consists of 76 members; 65 members 
returned their ballots, of whom 57 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 


I. V. WILLIAMs, 
Chairman. 
J. J. Bowman, a 


Secretary. 

3 The letter ballot vote on these recommends tions was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 
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RECOMMENDATIONS AFFE 


APPENDIX 


CTING STANDARDS FOR LIGHT 


METALS 


AND ALLOYS, CAST AND WROUGHT _ 


In this Appendix are given the recom- | 
mendations affecting certain standards 2. | g. | tion 
covering light metals and alloys which Alloy Cat) | 2in., 

are referred to earlier in this report. %S | 3S | “per” 
° 

The standards appear in their present SF | SF | cent 
| 

form in the 1949 Book of A.S.T.M. ZOStA Od So Ts, 22 000 | 32 000 3.0 

eer 5 22 000 | 30 000 3.0 

Standards, Part 2. Ts¢ | 20 000 | 32000| 2.0 
| 17.000 | 30000) 5.0 

REVISIONS OF TENTATIVE Ts® | 22 000 | 33 000| 2.0 

find SPECIFICATIONS Y => * Yield strength to be determined only when specified 


The committee recommends that the 
following 9 tentative specifications be 
revised as indicated below and continued 
as tentative. 


Specifications for Aluminum-Base Alloy 
Sand Castings (B 26-48T): 


Table I.—Add four new alloys and 
revise the chemical composition of alloy 
ZG61A as follows: 


in the contract or purchase order. 

> Aged 21 days at room temperature or artificially 
aged according to schedule in Table III. 

© Aged 21 days at room temperature. 


Section 6.—Revise to read as follows: 


6. (a) The tension test specimens represent- 
ing the castings shall conform to the requirement 
as to tensile properties shown in Table II. 
Yield strength tests are to be made on alloys 
ZG61A, ZC81A, ZGO1B, ZG32A, and ZG42A, 
only when specifically indicated in the contract 
or purchase order. 

(b) Although alloys ZG61A, ZC81A, ZG32A 


= | Other 
le 
| 5S | Manga- Magne- Chro- » | ments 
Ailoy | Aluminum] Copper, | | | | mium, | Titanium, |  |per cen 
&! percent | percent | ! percent | |- 
2 
Zlale 
ZG61A. ..| Remainder 0.3 1.0 }0.25 0.3 0.5 to 0.65 |5.2 to 6.0/0.4 to 0.6)0.10 to 0.25) .. |0.05/0.2 
ZC81A....| Remainder |0.4 to 1.0 |1.0 |0.3 0.6 0.2 to 0.5 {7.0 to 8.0 0.3 0.2 0.1 }0.1 |0.2 
ZG61B ..| Remainder |0.35 to 0.65)0.5 |0.15 0.05 0.6 to 0.8 (6.0 to7.0) ...... 0.2 0.05/0.15 
ZG32A. ..| Remainder 0.2 0.8 |0.2 |0.4 to 0.6/1.4 to 1.8 [2.7 to 3.3/0.2 to 0.4 0.2 0.05] ... 
ZG42A. ..| Remainder 0.2 0.8 |0.2 |0.4 to 0.6/1.8 to 2.4 |4.0 to 4.5/0.2 to 0.4 0.2 0.05 


Table IIT.—Add four new alloys and 
revise the tensile requirements of alloy 
ZG61A as follows: 


and ZG42A are most frequently used in the 
naturally aged condition, by agreement of the 
producer and purchaser, the castings may be 
artificially aged. The producer and purchaser 


a 


i) 
the 
| 
ot 
~, 
| 
| 


may also agree to base the acceptance of castings 
on artificially aged test bars. The preferred 
conditions of artificial aging shown in Table IIT 
shall be employed unless other conditions are 
accepted by mutual consent. 


TABLE III.—CONDITIONS FOR ARTIFICIAL 
AGING 


Aging 
| 356 + 5 F. for 10 hr. 
| 1 day at room temperature +250 + 10 F. 
| for 16 hr., or 1 day at room temperature 
| +310 + 5 F. for 9 hr. 
2GSGA....... | 210 + 10 F. for 8 hr. 
| Ae | 210 + 10 F. for 8 hr. 


Alloy | 


ZG61A...... 
ZCBIA...... 


Section 7 (a)—Revise to read as 
follows: 


7. (a) The tension test specimens shall be 
separately cast in green sand and shall be cast to 
size according to the dimensions shown in Fig. 3 
of the Standard Methods of Tension Testing of 
Metallic Materials (A.S.T.M. Designation: 
E 8) except that the radii at the ends of the 
reduced section shall be not less than 3 in. 
They shall not be machined prior to test except 
to adapt the grip ends to the holders of the 
testing machine in such a manner as to assure 
axial loading. 


Section 7 (b).—Delete 
sentence. 


the second 


Specification for Aluminum-Base Alloys 
for Permanent Mold Castings (B 108 — 


or ComMitree B-7 (APPENDIX) 


Table II.—Add data for four new 
alloys as follows: 


| {| 
= Elonga- 
tion 
5-3 in 
Alloy Condi-| £2 a & | 2in. 
toa | 2: | min. 
| 22 000 | 32 000 4 
| 17 000 | 37000! 10 
ZG42A Ts® 25000 42000; 4 


* Yield strength to be evaluated only when specified 
in contract or purchase order. 

> Aged 21 days at room temperature or artificially aged 
as shown in Table IIT. 

© Aged 21 days at room temperature. 


Section 6.—Revise to read as follows: 


6. (a) The tension test specimen representing 
the castings shall conform to the requirement as 
to tensile properties shown in Table II. Yield 
strength tests are to be made on alloys ZC81B, 
ZG32A and ZG42A only when specifically 
indicated in the contract or purchase order. 

(6b) Although alloys ZC81B, ZG32A and 
ZG42A are most frequently used in the naturally 
aged condition, by agreement of the producer 
and purchaser, the castings may be artificially 
aged. The producer and purchaser may also 
agree to base the acceptance of castings on 
artificially aged test bars. The preferred condi- 
tions of artificial aging shown in Table III shall 
be employed unless other conditions are accepted 
by mutual consent. 


TABLE III.—AGING CONDITIONS. 


Alloy | Aging 
49 T) ZC81B } temperature +250 + 1UF 
| for 16 hr. 
Table I.—Add data for four new alloys —2G32A...... | 210 F. for 8 br. 
ZG42A... 210 F. for 8 br. 
as follows: 
: anga- Magne- : Chro- 
~ | percent] percent | percent | 3 = 
gies 
| 
ZCS1iB...... Remainder |0.4 to 1.0 1.3 | 0.3 0.6 0.2 to 0.5 |7.0 to 8.0 0.3 0.2 | 0.1 | 0.1 | 0.2 
ZC60A...... Remainder |0.35 to 0.65) 1.4 | 0.3 0.05 {0.25 to 0.45|6.0 to 7.0 0.05) 0.15 
pk ar Remainder 0.2 0.8 | 0.2 |0.4 to 0.6/1.4 to 1.8 [2.7 to 3.3/0.2 to 0.4) 0.2 0.05) ... 
G42A..... Remainder 0.2 0.8 | 0.2 10.4 to 0.6)1.8 to 2.4 |4.0 to 4.5)0.2 to 0.4) 0.2 0.05 
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Section 7 (a).—Revise to read as 
follows: 


7. (a) The tension test specimens shall be 
separately cast in permanent molds and shall be 
cast to size in accordance with Fig. 3 of the 
Standard Methods of Tension Testing of Me- 
tallic Materials (A.S.T.M. Designation: E 8), 
except that the radii at the ends of the reduced 
section shall be not less than $ in. They shall 
not be machined prior to test except to adapt 
the grip ends to the holders of the testing 
machine in such a manner as to assure axial 
loading. 


Section 7 (b).—Delete the second 
sentence. 


Specifications for Aluminum and Alu- 
minum-Alloy Sheet and Plate for 
Use in Pressure Vessels (B 178 - 
49 T): 


Table I.—Add requirements for alloys 
MGI11A and GIA as follows: 


MGIIA G1A 

Copper, per cent.............. 0.20 0.25 
Manganese, per cent........... 1.0 to 1.5 0.15 
Magnesium, per cent.......... 0.8 to 1.3 | 1.0 to 1.8 
0.10 0.25 
Chromium, per cent........... aoe 0.10 
Titanium, per cent............ 
Other Elements, per cent, 

Other Elements, per cent, 

Aluminum, per cent........... Remainder | Remainder 


Table II.—Add requirements for alloys 
MGI11A and GIA as follows: 


Tensile 
Strength,| 
Temper Thickness, in. min., 2 in., 
y min., 
ye. per cent 
Attoy MG1iA 
oO 0.051 to 0.249 23 000 18 
CS ae 0.250 to 3.000 23 000 16 
0.051 to 0.113 28 000 5 
RRR 0.114 to 0.249 28 000 6 
0.250 to 2.000 28 000 6 
H34 0.051 to 0.113 32 000 4 
0.114 to 0.249 32 000 5 
0.250 to 1.000 32 000 5 
ee 0.250 to 3.000 23 000 7 
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AtLoy GIA 

0.051 to 0.113 19 000 
0.114 to 0.249 18 000 22 

0.250 to 1.000 18 000 20 
0.051 to 0.200 22 000 6 
ee 0.051 to 0.140 25 000 5 
ee 0.201 to 1.000 20 000 12 


4 Not required, 
Seclion 7.—Revise to read as follows: 


7. Tension test specimens for sheet or plate 
in the H12, H32, H14 and H34 tempers shall be 
taken parallel to the direction of rolling; for 
sheet or plate in all other tempers, the tension 
test specimens may be taken in any direction 
(Note). For sheet and plate less than 0.500-in. in 
thickness, the standard tension test specimen 
for sheet metal, as shown in Fig. 2 of the Stand- 
ard Methods of Tension Testing of Metallic 
Materials (A.S.T.M. Designation: E 8),! shall be 
used. For plate 0.500 in. or over in thickness, the 
standard }-in. diameter specimen shown in 
Fig. 3 of the Standard Methods of Tension 
Testing of Metallic Materials (A.S.T.M. Desig- 
nation: E 8),' or a similar round specimen having 
the maximum possible dimensions proportional 
to those of the standard 4-in. diameter specimen, 
shall be used. For plate over 1} in. in thickness, 
the specimen shall be taken midway between 
the center and surface of the plate. (Retain 
note). 


Table III.—Revise title of Table 
III to include alloy G1A. 

Table IV.—Revise title of Table 
IV to include alloy MGI1A. 

A ppendix.—Add the following data 
for alloys MG11A and GIA: 


Yield 
Temper Thickness, in. Strength, 
psi. 
Attoy MGI1A 
0.051 to 3.000 8 500 
are 0.051 to 2.000 21 000 
ee 0.051 to 1.000 25 000 
ee 0.250 to 3.000 9 000 

0.051 to 1.000 6 000 
a 0.051 to 0.200 17 000 
0.201 to 1.000 10 000 


Specification for Aluminum Base Alloys 
in Ingot Form For Sand Castings, 
Die Castings, and Permanent Mold 
Castings (B 179-49T): 


Table I.—Add five new alloys with 


it 
id 
ay 


the following chemical composition re- 
quirements: 


. 
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Table III.—Revise title of Table IIT 
to include reference to alloy GIA. 


= 
All Aluminum Copper, Manga- 
oy 4 > nese, 
per cent per cent | per cent 
ho ajo 
eis 
ZC81A-B .....}| Remainder | 0.4 to 1.0 | 0.9]0.25 0.6 
ZG32A.......| Remainder 0.2 0.6}0.2 |0.4 to 0.6 
ZG42A.......| Remainder 0.2 0.6/0.2 |0.4 to 0.6 
ZG61B.......| Remainder |0.35 to 0.65) 0.4)0.15) 0.05 
Remainder 0.35 to 0.65] 1.3/0.3 0.05 


Other 
Elements, 


Chro- per cent 


mium, 
per cent 


cent 
| Nickel, per cent 


| Each 
| Total 


0.3 
0.2 to 0.4 
0:2 to 0.4 


| Titanium, per 


| 
| 
AAnnn 


Specifications for Aluminum and Alu- 
-Alloy Sheet and Plate (B 209 - 


Table I.—Add requirements for alloy 
G1A, using chemical composition limits 
given above in revised Table I of 
B 178-49 T. 

Table II.—Add physical requirements 
for alloy G1A as follows: 


Tensile 
Temper | Thickness, in. Strength, 


psi. 


in., min., per 


Yield Strength, 
min., psi. 

Elongation in 2 
cent 


Bend 


Attoy GIA 


| 0.016 to 0.019 | 24 000 max. | .. | 16 | 0° 
0.020 to 0.031 | 24 000 max. | .. | 18 | 0¢ 
0.032 to 0.113 | 24 000 max. | .. | 20 | 0¢ 
0.114 to 0.249 | 24 000 max. | .. | 22 | 0° 
0.250 to 1.000 | 24 000 max. | .. | 20 | 2 


0.020 to 0.050 22 000 min. | 
0.051 to 0.200 | 22 000 min. 


| 0.016 to 0.031 | 25 000 min. 


0.032 to 0.050 | 25 000 min. 
0.051 to 0.140 | 25 000 min. 


0.016 to 0.019 | 27 000 min. 
0.020 to 0.050 | 27 000 min. : 
0.051 to 0.102 | 27 000 min. | 


0.016 to 0.031 | 29 000 min. 
0.032 to 0.050 | 29 000 min. 
0.051 to 0.072 | 29 000 min. 


0.016 to 1.000 | 


a FON DS 
aan 


4 Not required. 


Section 8 (a).—Change to read as 
above for revised Section 7 of B 178 - 
49 T. 


Tentative Specifications for Aluminum- 
Alloy Drawn Seamless Tubes 
(B 210-49T): 


Table I.—Add chemical composition 
requirements for alloy MG11A given 
above in revised Table I of B 178 — 49 T. 

Table II.—Add tensile requirements 
for alloy MG11A in annealed temper 
only. These are 29,000 psi. max., tensile 
strength for wall thicknesses 0.018 to 
0.450 in. No requirements for yield 
strength or elongation. 

Section 7.—Revise to read as follows: 


7. Tension test specimens from round tubes 
2 in. or less in outside diameter and from square 
tubes 14 in. or less on a side shall be of the full 
section of the tube unless the limitations of the 
testing machine preclude the use of such a 
specimen. Specimens of the types shown in 
Figs. 3 or 11 (specimen No. 1) of the Standard 
Methods of Tension Testing of Metallic Mate- 
rials (A.S.T.M. Designation: E 8)' may be used 
for round tubes over 2 in. in diameter, for square 
tubes over 1} in. on a side, for all sizes of tubes 
other than round and square, or in those cases 
when a full-section specimen can not be used; 
small size specimens with dimensions propor- 
tional to those shown in Fig. 3 of the Stand- 
ard Methods of Tension Testing of Metallic 
Materials (A.S.T.M. Designation: E 8)! may be 
used when necessary. 


Specification for Aluminum-Alloy Drawn 


Seamless Tubes for Condensers and 
Heat Exchangers (B234-—48T): 


Table I.—Revise to permit 0.10 per 
cent max. magnesium in the coating of 
alloy MiA Clad Tubes and to change 


a 


0. 
Magne- Zinc 
| per cent : 
af. 
0.2 to 0.5 |7.0 
to 1.8 (2.7 D 
1.8 to 2.4 [4.0 to 4.5 
Ww 0.6 to 0.8 |6.0 to 7.0 wW 
0.25 to 0.45|6.0 to 7.0 
Ss 
1] 
fe 
= 
— 
( 
u 
i 
( 
| 
: oF i 


d 
e 


RECOMMENDATIONS ON STANDARDS FOR Licnt METALS AND 179 


” 


Footnote under Table I by replacing 
0.60 per cent with 0.70 per cent. 
Section 7.—Revise to read as follows: 


7. Tension test specimens shall be of the full 
section of the tube unless the limitations of the 
testing machine preclude the use of such a 
specimen. Specimens of the type shown in Fig. 11 
(specimen No. 1) of the Standard Methods of 
Tension Testing of Metallic Materials (A.S.T.M. 
Designation: E 8) may be used in those cases 
when a full-section specimen can not be used. 


Specifications for Aluminum-Alloy Ex- 
truded Tubes (B 235-4¢T): 


Section 7.—Change to read as indi- 
cated above for revised Section 7 of 
B 210 - 49 T. 

Table VI.—Revise Table VI by delet- 
ing the tabular form and substituting the 
following statement: 

“Permissible variations of wall 
thickness at any point from specified 
wall thickness shall not be greater 
than plus or minus 10 per cent of the 
specified wall thickness: maximum 
0.060 in., minimum 0.010 in.” 


Specifications for Aluminum-Alloy Pipe 
(B 241-49T): 


Table I.—Change the limit for iron in 
alloy GS10A from 0.35 per cent to 
0.50 per cent. 

Section 7.—Revise to read as follows: 


7. Tension test specimens of pipes 1} in. or 
less in size shall be a full section of the pipe 
unless the limitations of the testing machine 
preclude the use of such a specimen. For pipes 
in sizes greater than 1} in., or in those cases 
when a full-section specimen can not be used it 
is permissible to use specimens of the type 
shown in Fig. 11 (specimen No. 1) of the 
Standard Methods of Tension Testing of Me- 
tallic Materials (A.S.T.M. Designation: E 8)! 
or small size specimens with dimensions propor- 
tional to those shown in Fig. 3 of the Standard 
Methods of Tension Testing of Metallic Materials 
(A.S.T.M. Designation: E 


EpITORIAL CHANGES IN TENTATIVES 


When the following tentatives are 
next revised for other reasons, the 


changes outlined below are 
mended as editorial: 


recom- 


Specifications for Magnesium-Base Alloy 
Sand Castings (B 80-49T): 


Section 8 (a).—Revise as indicated for 
Section 7 (a) of Tentative Specifications 
B 26. 


Specifications for Magnesium-Base Alloy 
Sheet (B 90 — 49 T): 


Section 7.—Revise to read as follows: 


7. The tension test specimens shall be cut in 
the direction of rolling or longitudinal direction 
and shall be machined to the form and dimen- 
sions shown in Fig. 2 of the Standard Methods of 
Tension Testing of Metallic Materials (A.S.T.M. 
Designation: E 8). 


Specifications for Magnesium-Base Alloy 
Forgings (B 91-—49T): 


Section 7.—Revise to read as follows: 


7; Tension test specimens shall be taken from 
a forging or from a separately forged coupon 
made from material representative of the 
forgings, in such a manner that the longitudinal 
axis of the specimen is parallel to the direction 
of maximum flow of the metal in the forging. 
The specimens shall be machined to the form 
and dimensions shown in Fig. 3 of the Standard 
Methods of Tension Testing of Metallic Ma- 
terials (A.S.T.M. Designation: E 8), or in the 
case of thin material may be machined to the 
form and dimensions shown in Fig. 2 of the 


Standard Methods of Tension Testing of 
Metallic Materials (A.S.T.M. Designation: 
E 8). 


Specifications for Magnesium-Base Alloy 
Bars, Rods and Shapes (B 107 — 49 T): 


Section 7 (a).—Revise to read as 
follows: 


7. (a) Tension test specimens shall be a full 
section of the material or of the type shown in 
Fig. 3 of the Standard Methods of Tension 
Testing of Metallic Materials (A.S.T.M. Desig- 
nation: E 8). Small-size specimens with dimen- 
sions proportional to those shown in Fig. 3 
(of E 8), or a sheet tension specimen of the type 
shown in Fig. 2 of the Standard Methods of 
Tension Testing of Metallic Materials (A.S. 
T.M. Designation: E 8),! may be used if the 


size or shape of the material makes it impracti- 
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cable to use a full-section or the standard round 

specimen. 

Specifications for Magnesium-Base Alloy 
Permanent Mold Castings (B 199 
49T): 


Section 8 (a).—Revise to read as 
follows: 


8. (a) The tension test specimens shall be 
separately cast in permanent molds and shall be 
cast to size in accordance with Fig. 3 of the 
Standard Methods of Tension Testing of Me- 
tallic Materials (A.S.T.M. Designation: E 8),' 
except that the radii at the ends of the reduced 
section shall be not less than 4 in. They shall 
not be machined prior to test except to adapt 
the grip ends to the holders of the testing ma- 
chine in such a manner as to assure axial loading. 


Specifications for Aluminum and Alumi- 
num-Alloy Bars, Rods and Wire (B 

a 211-—49T): 

ss Section 7 (a).—Change to read as 

« indicated above for revised Section 7 

(a) of B107-49T. 


Specifications for Magnesium-Base Alloy 

Extruded Round Tubes (B217- 
4 

Section 7.—Revise to read as follows: 
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7. Tension test specimens from tubes 2 in. or 
less in outside diameter shall be of the full sec- 
tion of the tube unless the limitations of the 
testing machine preclude the use of such a 
specimen. For tubes over 2 in. in diameter, or in 
those cases when a full-section specimen can 
not be used it is permissible to use specimens 
of the type shown in Fig. 11 (specimen No. 1) 
of the Standard Methods of Tension Testing 
of Metallic Materials (A.S.T.M. Designation: 
E 8)' or small size specimens with dimensions 
proportional to those shown in Fig. 3 of the 
Standard Methods of Tension Testing of Me- 
tallic Materials (A.S.T.M. Designation : E 8).! 


Specifications for Aluminum and Alu- 
minum-Alloy Extruded Bars, Rods 
and Shapes (B 221-49T): 


Section 7 (a).—Change to read as 
indicated above for revised Section 7 
(a) of B 107 - 49 T. 


Specifications for Aluminum Bars for 
Electrical Purposes Bars) 
(B 236-48 T): 


Section 9—Change first two sentences 
to read as indicated above for Section 
7(a) of Specifications B 107. Retain last 
sentence. 


& 
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B-8 on Electrodeposited 
Metallic Coatings held two meetings 
during the year: one on October 14, 
1949, in Chicago, IIl., in conjunction 
with the Fall Congress of the Electro- 
chemical Society, and one in Pittsburgh, 
Pa., on March 4, 1950. 

The membership of the committee 
now totals 138 members, of whom 44 
are classified as producers, 22 as con- 
sumers, 66 as general interest, and 6 as 
consulting members. 

The following officers were elected for 
the ensuing term of two years: 

Chairman, C. H. Sample. 

Vice-Chairman, K. G. Soderberg. 

Secretary, R. B. Saltonstall. 

Advisory Committee Member-at- 
large, B. C. Case. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee recommends that the 
following tentatives be continued as 
tentative without revision: 

Specifications for  Electrodeposited 
Coatings of Nickel and Chromium on 
Steel (A 166-45 T).—Committee B-8 
recommends continuation as tentative, 
pending the outcome of exposure tests 
presently being conducted by Subcom- 
mittee IT. 

Methods of Test for Local Thickness of 
Electrodeposited Coatings (A 219-45 
T).—The committee recommends con- 
tinuation as tentative in view of the 
fact that the reproducibility of the 


1 Presented at the 4 third Annual Meeting of the 
Society, 26-30, 195 
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methods of test covered by the specifica- 
tion is currently being investigated by 
Section A of Subcommittee III. 

Specifications for  Electrodeposited 
Coatings of Nickel and Chromium on 
Zinc and Zinc-base Alloys (B 142 - 45 
T).—The committee recommends con- 
tinuation as tentative, pending the out- 
come of large scale private tests now in 
progress. 

Specifications for  Electrodeposited 
Coatings of Lead on Steel (B 200-45 
T).—The committee recommends con- 
tinuation as tentative, pending a study 
of the results of exposure tests conducted 
by Subcommittee IT. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Specifications, Pa- 
pers, and Definitions (J. E. Stareck, 
chairman).—A section of this subcom- 
mittee (K. G. Soderberg, chairman) has 
drafted modifications of Specifications 
A 164, A 165, and A 166 to point out 
that they are not applicable to many 
threaded components because of diffi- 
culties with dimensional tolerances. 

The same section has drafted modifica- 
tions of Specifications A 164 and A 165 
to point out the danger of making recom- 
mendations for atmospheric exposure 
from salt spray (fog) test results. 

Another active section of subcom- 
mittee I (M. M. Beckwith, chairman) 
has canvassed available information on 
the effect of thickness of chromium on 
thin nickel coatings over copper alloys, 
with respect to stress cracking of the 
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nickel deposits. Existing information is 
not sufficiently conclusive to be a basis 
for changes in present specifications for 
chromium thickness. Exposure tests to 
yield such information are suggested; 
also a footnote to Specifications B 141 
suggesting agreement between purchaser 
and manufacturer on lower minimum 
thicknesses of chromium in certain cases. 

Subcommittee is _ considering, 
through a working section, (F. Nagley, 
chairman), the desirability of including 
metric as well as English units in speci- 
fications under the jurisdiction of Com- 
mittee B-8; also the question of signifi- 
cant figures. 

Subcommittee II on Performance Tests 
(H. A. Pray, chairman).—This subcom- 
mittee has continued exposure tests of 
electrodeposited lead coatings on steel, 
and copper-nickel-chromium on_high- 
carbon steel and is continuing the peri- 
odic removal of lead-coated steel panels 
for steel weight loss and tension tests. 

Supplementary panels have been 
added to the copper-nickel-chromium 
group including chromium and _ nickel- 
chromium deposits on rolled nickel sheet, 
and additional copper-nickel-chromium 
deposits on high-carbon steel, the latter 
for the purpose of further investigating 
the effect of copper. 

Progress is also being made in develop- 
ing photographic standards to aid in in- 
specting the panels. 

Salt spray (fog) tests have been per- 
formed on a set of the panels and results 
will be included in the final report. 

Subcommittee III on Conformance 
Tésts. (W. A. Wesley, chairman).—The 
resignation of Chairman Wesley, effec- 
tive June 1, 1950, has been accepted with 
regret, and B. C. Case has been 
appointed to succeed him. 

Four working sections of this subcom- 
mittee have been active throughout the 
year. 


Section A on Thickness Tests (A. H. 
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DuRose, chairman) has a program in pro- 
gress to investigate the reproducibility of 
various thickness test methods, that is, 
magnetic, stripping, microscopic and 
dropping tests. A number of specimens 
have been prepared and distributed to 
cooperating laboratories for magnetic 
thickness measurements. The data are 
being analyzed statistically, and the 
other methods of thickness measurement 
will be investigated in a similar manner 
on the same specimens. 

Section B on Porosity Tests (A. Men- 
dizza, chairman), through the coopera- 
tion of several firms, has had a number of 
steel panels, with indentations formed 
by the Olsen Cup Method, nickel plated 
for salt spray (fog) test. 

Section C on Mechanical Property 
Tests (M. M. Beckwith, chairman), has 
been measuring the hardness of electro- 
deposited coatings by the Knoop Inden- 
tor Method. No apparatus or method for 
adhesion testing has been found which 
appears to warrant testing by the Sec- 
tion. Information on promising ductility 
test methods is being obtained. 

Section D on Luster Tests (G. Jern- 
stedt, chairman), has investigated quan- 
titative methods of measuring luster such 
as reflectivity and surface analysis. It 
appears that reflectivity measurements 
alone are not sufficient to define luster, 
and that surface analyzer readings must 
be included. 

Subcommitiee IV on Plating Practice 
(K. M. Huston, chairman).—This sub- 
committee has been very active through 
its several working sections which have 
either prepared, or have in the course of 
preparation, Recommended Practices as 
follows: 


Section B (E. A. Anderson, chairman), ‘‘“Recom- 
mended Practice for the Preparation of Zinc 
Base Die Castings for Plating.” 

Section C (E. S. Coe, chairman), “Recommended 
Practice for the Preparation of Copper and 


Copper Alloys for Electroplating.” 
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Section D (K. M. Huston, chairman), “Recom- 
mended Practice for the Preparation of and 
Plating on Stainless Steel.” 

Section E (F. Keller, Chairman), “Recommended 
Practice for the Preparation of Aluminum 
for Electroplating.” 

Section F (H. Narcus, chairman), “Recom- 
mended Practice for Preparation of Plastics 
for Electroplating.” 

Authorization has been given for the 
appointment of two new sections to in- 
vestigate the desirability of preparing 
recommended practices for plating (J) 
on lead and tin and their alloys and (2) 
on cast and malleable iron. 

Subcommittee V on Supplemental Treat- 
ments of Metallic Coatings (Marc Darrin, 
chairman).—Sections B on Accelerated 
Tests (A. Mendizza, chairman), C on 
Performance Tests (R. E. Harr, chair- 
man), and D on Surface Treatments for 
Cadmium (L. O. Gilbert, chairman) have 
been working in close cooperation. An 
exploratory outdoor exposure study of 
chromate-treated zinc and cadmium 
finishes has been completed, and plans 
have been formulated for a more exten- 
sive program to investigate five types of 
chromate treatments which will include 
the exposure of treated specimens to (a) 


industrial atmosphere, ©) marine 
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phere, and (c) warehouse storage and to 
study accelerated corrosion in (a) 100 
per cent humidity, (6) pressure cooker, 
(c) salt spray (fog), and (d) water immer- 
sion. The effect of the hexavalent chrom- 
ium content of the surface films will also 
be investigated. 

Section E on Phosphate Treatments 
(A. L. Alexander, temporary chairman) 
has under way an experimental program 
to develop possible methods for evaluat- 
ing the effectiveness of phosphate treat- 
ments for corrosion protection and as a 
surface preparation for subsequently 
applied finishes. 

we 

This report has been submitted to 
letter ballot of the committee, which 
consists of 128 voting members; 92 mem- 
bers returned their ballots, of whom 91 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
C. H. SAMPLE, 


R. B. SALTONSTALL, 
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This report covers the activities of 
Committee B-9 on Metal Powders and 
Metal Powder Products for the period 
from June, 1949, to June, 1950. During 
this time, one meeting was held in New 
York, N. Y., on February 13, 1950. 

The election of officers for the ensuing 
term of two years resulted in: the selec- 
tion of the following: 

Chairman, W. A. Reich. 

Vice-Chairman, D. S. Urquhart. 

Secretary, A. Squire. 

Additional members appointed to the 
Advisory Committee are as follows: 

J. E. Drapeau, Jr., 

F. P. Peters, 

R. P. Seelig, 

J. F. Kuzmick. 

The committee notes with sadness the 
death of Carter S. Cole of the A.S.T.M. 
Headquarters Staff. The membership 
of Committee B-9 particularly benefited 
from his kind advice and assistance in 
carrying out matters of both internal 
interest and general A.S.T.M. procedure. 


REVISION OF TENTATIVE 


Tentative Specifications for Sintered 
Metal Powder Structural Parts (B 222 - 
47 T).»—The committee recommends an 
addition to the scope of these specifica- 
tions as follows: 

Section 1—Add the following sen- 
tence: “These parts contain a controlled 
amount of porosity which may be uti- 
lized for oil impregnation.” 


1 Presented at the — third Annual Meeting of 
the Society, June 26-30, 
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The recommendation appearing in 
this report has been submitted to 
letter ballot of the committee, the re- 
sults of which will be reported at the 


Annual Meeting.’ 


ACTIVITIES OF ADVISORY COMMITTEE 


The Advisory Committee held two 
meetings during the year to act on 
various problems connected with the 
administration of the committee. Some 
success has been attained in enlarging 
the consumer representation on Com- 
mittee B-9, 

In addition, a meeting was held of 
representatives of A.S.T.M. Head- 
quarters, Committee B-9, and officers of 
the Metal Powder Association to discuss 
methods of coordinating parallel ac- 
tivities of the two agencies in the field 
of test methods and specifications. A 
tentative arrangement of cross-refer- 
encing of standards was drawn up, sub- 
ject to the approval of the two groups. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Technical Data (F. N. Rhines, chairman). 
—The glossary of terms used in powder 
metallurgy drawn up by this subcom- 
mittee has been published as the Tenta- 
tive Definitions of Terms Used in 
Powder Metallurgy (B 243-49T). It 
has been decided that a lead paragraph 
should be added to this glossary ex- 
plaining that the glossary is composed 

3 The letter ballot vote on this recommendation was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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3.187" +0.001" 


3.529" +0.001" 


Pressing Area= sq. in. 


Dimensions Specified Are Those of 
The Compact When in The Die. 


Fic. 1.—Flat — Tension Test Bar for Powdered Metals. 


diam. 


0.450" 


0250 0.00! 
Compact t0 9 550" 


Let Die Ca 


vity Width 


3"Die Cavity Length 


Pressing Area of Unmachined Compoct=!.5 sq in. 


16 


Rough Machine to diam. 
2. Finish Turn 0.250" diam. with Radii and Taper. 

3. Polish with OO Emery Cloth. vr) 

4. Lap with Crocus Cloth. 


Fic. 2.—Round Machined Tension Test Bar for Powdered Metals 
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only of terms not generally used in the 
same sense in fields other than powder 
metallurgy. This paragraph is being 
drafted for submission to main com- 
mittee ballot during the coming year. 

Subcommittee I has agreed on the 
design of two standard tension test 
bars for use in powder metallurgy 
work. One of these designs is for a bar 
which is to be used in the pressed and 
sintered condition while the other is to 
be machined. These designs, Figs. 1 and 
2, have been submitted to main com- 
mittee ballot, the results of which will be 
reported at the Annual Meeting. 

Subcommittee II on Metal Powders 
(D. O. Noel, chairman).—One meeting 
of this subcommittee was held’ during 
the year. The following tests methods 
are being written in A.S.T.M. form for 
ballot by the members and subsequent 
submittal to Committee E-3: 

1. Test for “Hydrogen Loss” in metal 

powders. 

2. Test for insoluble matter in iron 

and copper powders. 

3. Test for free and total iron in iron 

powder. 

In addition, a method for subsieve 
particle analysis using the Roller Air 
Analyzer is being drafted in final form 
for approval by the subcommittee. 
Additional work on the compressibility 
of metal powders has resulted in a 
proposed method which will be tried by 
several cooperating laboratories prior to 
submittal to committee ballot. 

A review of work on subsieve particle 
analysis using the Cenco Photolometer 
is being made by a special subgroup. 
Methods of determining green strength 
and green density of metal powder 
compacts are also under consideration. 

Subcommittee III on Metal Powder 
Products (R. P. Koehring, chairman) 
Section A on Bearings (D. S. Urquhart, 
chairman) engaged in the following 
activities during the year: Specifications 


for Metal Powder Sintered Bearings 
(Oil Impregnated) (B 202-45 T) were 
discussed with a view to changing the 
range of carbon content to 1.75 per cent, 
maximum, for classes A and B of type I 
material. This change was voted by the 
subsection and is to be submitted to 
main committee ballot. A proposed 
addition to Specifications B 202 giving 
recommended press fits and running 
clearances was tentatively agreed upon 
and is being drawn up for ballot. The 
section also considered an addition to 
Specifications B 202 to cover a new class 
of type II material having a low carbon 
content and is continuing its efforts to 
develop some kind of standardization of 
bearing sizes which will be useful to 
producers and consumers of metal 
powder bronze and iron bearings. 

Subcommittee III-B on Structural Parts 
(F. V. Lenel, chairman)—This group 
held one meeting during the year and the 
following action was taken: The change 
in scope of Specifications B 222 - 47 T, 
noted earlier in this report, was recom- 
mended. This change recognizes the 
upper limit in density carried in the 
specifications and the usefulness of the 
self-lubricating property thereby im- 
parted, in some applications. 

The study group on copper-tin alloy 
structural parts reported that specifi- 
cations covering 90 per cent copper, 10 
per cent tin alloy should be drafted to 
include two density ranges, 6.4 to 6.8 
g. per cu. cm. and 6.8 to 7.2 g. per cu. cm. 
Such specifications are in the process of 
being drafted by the study group. 
Manufacturers of the 95 per cent copper, 
5 per cent tin structural alloy are being 
canvassed for proposed specifications 
covering this material to be considered 
by the group. 

Work is being continued on a draft of 
specifications for three brass parts made 
from metal powders. 

With reference to copper impregnated 
iron and steel parts, a draft of specifica- 
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tions on this material is being prepared 
for consideration by the group. 

Section C on Cemented Carbides 
(J. C. Redmond, chairman) met twice 
during the year and made some progress 
in the preparation of several standards 
and test methods. 

A task group on metallographic prepa- 
ration has conducted an extensive survey 
of the variation in interpretation and 
classification of carbides according to 
their porosity. This survey indicated 
substantial agreement in interpretation of 
results but a second survey is being made 
before a definite method of classification 
is proposed for adoption. 

A subgroup appointed to study the 
transverse rupture test as a quality 
control method reported that the results 
of this test are so dependent upon speci- 
men size and preparation that it is not 
recommended as an acceptance test. A 
second group on hardness testing of 
carbides met during the year, but no 
specific test methods were agreed upon. 
This group was reconstituted to make a 
further study of the problem. 

Work was done in an effort to prepare 
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a usable chart of cemented carbide 
grade designations. This chart has been 
considered carefully and returned to the 
subgroup for further consideration. 

Section D on Friction Materials (F. F. 
White, chairman) held no meetings 
during the year but considerable progress 
was made towards the development and 
standardization of a machine for testing 
the frictional characteristics of metal 
powder materials. As soon as sufficient 
data to show that this machineissatis- 
factory have been accumulated, its 
design will be recommended for use in 
testing friction facings. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 50 members; 35 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
W. A. 


Chairman a 
A. SQUIRE, 


Secretary. 
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EFFECT OF TEMPERATURE ON 

The ASTM-ASME Joint Committee 
on the Effect of Temperature on the 
Properties of Metals met on December 2, 
1949, during the Annual Meeting of the 
American Society of Mechanical En- 
gineers in New York. This meeting was 
preceded by a meeting of the Technical 
Advisory Committee. Constructive re- 
ports indicating much progress in the 
work were received from the several 
panels and project committees. 

In a technical session sponsored jointly 
by the Gas-Turbine Power Division and 
the Joint Committee, two papers were 
presented: 

“The Outlook for Ceramics in Gas Turbines’? 
by I. E. Campbell and W. H. Duckworth, 


“Metallurgy of Gas-Turbine Materials” by N. 
L. Mochel. 


In another session cosponsored with 
the Research Committee on High-Tem- 
perature Steam Generation, two papers 
were presented: 


“Heat Transfer to Superheated Steam at High 
Pressures” by W. H. McAdams, W. E. Ken- 
nell, and J. N. Adams, 

“Possibilities of the Regenerative Steam Cycle 
at Temperatures up to 1600 F.” by P. H. 
Knowlton and R. W. Hartwell. 


Funds in the hands of the ASME to 
the credit of the committee amounted to 
$8698.40 as of May 31, 1950. Of these 
funds, the sum of $3500 is earmarked to 
cover costs of Project 18 at Battelle 
Memorial Inst.; $1000 is earmarked for 
the creep data surveys, to cover costs at 
Battelle for preparing and circulating a 
transmittal letter and data questionnaire 


1 Presented at the Fifty-third Annual Meeting of 
the Society, June 26-30, 1950. 
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to possible cooperating laboratories, and 
another $1000 is to be allocated for work 
on non-ferrous metals. The questionnaire 
requests data for use in a revised compila- 
tion on cast and wrought austenitic 
steels. 

An important publication was issued 
under the auspices of the Joint Com- 
mittee, dated March, 1950, constituting 
a “Report on the Strength of Wrought 
Steels at Elevated Temperatures,” pre- 
pared by R. F. Miller and J. J. Heger, 
Carnegie-Illinois Steel Corp. This 116- 
page publication, 85 by 11-in. page size, 
contains a great amount of data, largely 
in graphical form, on both plain carbon 
and alloy steels, the latter including fer- 
ritic and austenitic steels. 

An important new Subcommittee on 
Low-Temperature Problems has been or- 
ganized, and held its first meeting in 
April, this group functioning under the 
Petroleum and Chemical Panel. 

Preceded by meetings of most of the 
Panels and the Technical Advisory Com- 
mittee the main committee met on 
Tuesday, June 27, during the Annual 
Meeting of the ASTM at Atlantic City. 
Reports were received from the Panel 
chairmen and from Projects 18 and 29. 

The Joint Committee is sponsoring two 
symposiums and a round-table discussion 
at this Annual Meeting. The Gas-Tur- 
bine Panel arranged for a Symposium on 
Corrosion of Materials at Elevated Tem- 
peratures* and a Round-Table Discussion 
on Heavy Forgings. The General Re- 
search Panel arranged a Symposium on 


> a = issued as a separate technical publication, 
STP 108 
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the Nature, Occurrence, and Effects of 
Sigma Phase.’ In addition, the Joint 
Committee sponsored a session on Effect 
of Temperature on the Properties of 
Metals at which the following papers 
were presented: 


“The Effect of Various Treatments on the 
Fatigue Strength of Notched S-816 and Tim- 
ken 16-25-6 at Elevated Temperatures,” by 
W. E. Jones and G. B. Wilkes, Jr., General 
Electric Co.,‘ 

“Hardened Alloy Steel for Service Up to 700 
F.” by G. V. Smith, W. B. Seens, and E. J. 
Dulis, U. S. Steel Corp.,® 

“The Selection of a Limited Number from Many 
Possible Conditioning Treatments for Alloys 
to Achieve Best Coverage and Statistical 
Evaluation,” by J. M. Cameron and W. J. 
Youden, Nat. Bureau of Standards,® 

“Effect of Rate of Strain on the Flow Stress of 
Gas Turbine Alloys at 1200 and 1500 F., 
by M. J. Manjoine, Westinghouse Electric 
Corp.,’ 

“Chromium-Base Alloys,” by W. L. Havekotte, 
C. T. Greenidge, and H. C. Cross, Battelle 
Memorial Inst.,® 

“Hardening of Austenitic Stainless Steels by 
Mechanical Working at Sub-Zero Tempera- 
tures,” by N. A. Ziegler and P. H. Brace, 
Westinghouse Electric Corp.,’ 

“Effect of Temperature on the Mechanical Prop- 
erties, Characteristics and Processing of Aus- 
tenitic Stainless Steels,” by V. N. Krivobok 
and A. M. Talbot, International Nickel Co., 
Inc.!¢ 


A tentative Recommended Practice for 
Conducting Time for Rupture Tests of 
Metallic Materials prepared by a sub- 
group of the Gas-Turbine Panel, and 
approved by the main committee, has 
received the approval of the A.S.T.M. 
Administrative Committee on Standards 
and is being printed by the Society, 
carrying the A.S.T.M. designation 
E 85 50 T. 

The work of the committee has ex- 
panded greatly and many more indi- 
viduals are now participating in the 


3To be issued as a separate technical publication, 
STP 110. 
4 See p. 744. 
5 See p. 882. 
6 See p. 951. 
7 See p. 
8 See p. 1101. 
* See p. 861. 
See p. 895. 


activities. In order that there should be 
clear understanding of the operations of 
the committee and how it functions, a 
set of “By-Laws and Information” has 
been drafted which is now under con- 
sideration in the committee. 

Notes on the activities of certain of the 
Panels and Research Projects follow: 


Aviation Panel (Leo Schapiro, chairman): 

Project AP1A, “Statistical Evaluation 
of Creep-Rupture Properties of Certain 
Sheet Materials,” is being instructed to 
proceed with the accumulation of mate- 
rials. Project AP2A, “Exploratory In- 
vestigation of High-Temperature Sheet 
Materials for Power Plant Applications,”’ 
has accumulated some of its test mate- 
rials and has made distribution to co- 
operating companies. A new project is 
under discussion relating to elevated tem- 
perature properties of aluminum and 
magnesium alloys, but no action was 
taken pending the receipt of more infor- 
mation from airframe builders. 


Gas Turbine Panel (C. T. Evans, Jr., 
chairman): 

The Panel voted to appoint the chair- 
man as a liaison representative with the 
Gas Turbine Power Division of ASME. 
Project GTP1 on fatigue was reviewed 
with particular reference to the program 
to determine the effects of notches on 
high-temperature fatigue. There was dis- 
cussion on the subject of brittleness and 
the relation of design factors to brittle 
behavior. Representatives of material 
manufacturers and gas turbine design 
engineers will be invited to attend the 
next meeting of the Panel for a full dis- 
cussion of this subject. Sessions are being 
sponsored by the Gas Turbine Panel at 
this annual meeting as indicated earlier 
in the report. 


General Research Panel (A. J. Herzig, 
chairman): 
At its fifth meeting, the General Re- 
search Panel received its initial progress 
report on a project sponsored at Westing- 
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house Research Laboratory on the Effect 
of Stress Concentration Factors at Ele- 
vated Temperatures. 

The Panel offered a paper on the 
subject of Arc-Cast Molybdenum-Base 
Binary Alloys for the Joint Committee 
sponsored session at the 1950 Annual 
Meeting of ASME. 


Petroleum and Chemical Panel (C. L. 
Clark, chairman): 


Among the active projects under way 
in subcommittees of this panel are the 
following: 


Title 


Compilation of Experience 
with Metals above 
5 


1500 F. 

Behavior and Application Roberts 
of Metals at Tem- ’ 
peratures 

Relative Merits of 18 Cr-8 
Ni versus the Stabilized 
Grades 
Steels 

Necessity of Preheating 
and Stress Relieving 
Ferritic Steels Welded 
with Austenitic Rods. 

The Cracking at the Welds 
of 12 Cr t liners 
in Pressure Vessels 

Differences in Graphitiza- 
tion in the Steam Power 
Field as Compared to the 
Petroleum and Chemical 
Industries 

Experiences with Corro- 
sion by Vanadium Com- 
pounds 


Chairman 
H. W. Schmidt 


Project 
No. 1 


No. 2 


No. 3 M. S. Northup 
of Austenitic 


W. L. Bowler 


M.W.Barnes . 


W. B. Hoyt 


No. 7 E. F. Tibbetts 


A paper is being prepared by M. E. 
Holmberg on “Experiences in the Pe- 
troleum Industry with Austenitic Stain- 
less Steels under Cyclic Heating and 
Stressing Conditions” for presentation 
to the ASME meeting in December. Dur- 
ing the same meeting E. F. Tibbetts will 
present a report of Project No. 7 at a 
symposium to be cosponsored by the 
Joint Committee with the Fuels Division 
of ASME. 


Low-Temperature Group of the Chemical 
and Petroleum Panel (Irving Roberts, 


chairman): 
The organization meeting of the Low- 


Temperature Group was held in Pitts- 
burgh, Pa., on April 24, 1950. The follow- 
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ing subjects and questions came up for 
discussion: 


1. What criteria or specifications determine 
the suitability of materials for low-tem- 
perature service? 

2. Standardization of physical test proce- 
dures, particularly impact testing. 

3. Correlation of impact tests with low- 
temperature failures. 

4. Stability of physical properties, and low- 
temperature shift of certain alloys from 
austenitic to ferritic. 

5. Ability of materials to yield locally. 

6. Triaxial stress systems. 

7. Effect of steel “history” in the mill. 

8. Test requirements vary with the type of 
material, design, and service conditions. 

9. Low-temperature failures. 

10. Which of the notch-sensitivity or impact 
specimens most realistically approaches 
service conditions in actual structures? 

11. How will plants conform to state codes, 
* when there is no specific code for low- 

temperature service? 

12. Fatigue in service. 

13. What about correlating data on elastic 
modulus, thermal conductivity, coefii- 
cient of expansion, etc., at low tem- 
peratures? 


Following extended discussion of these 
points, the following three subgroups 
were named: 
1—Test Methods and Procedures 
2-——Present Industrial Practice 
cluding service failures 
physical properties) 

3.—Bonding (including welding, braz- 
ing and soldering). 

It was generally agreed that the Low- 
Temperature Group confine its activities 
to industrial applications, and that the 
most important job of the subgroups is 
that of abstracting the technical 
literature. 


Liaison Report from ASME Special Re- 
search Committee on High-Temperature 
Steam Generation (C. L. Clark): 


The primary function of this Special 
ASME Research Committee is to ascer- 
tain the feasibility of steam generation 
at temperatures in excess of the maximum 
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_ now used. Since the hottest section of the 
superheater represents the extreme con- 
dition, in so far as metal temperatures 
are concerned, the effects of steam and 
furnace gases on the potentially available 
alloys will have to be determined before 
commercial advantage can be taken of 
the higher operating temperatures. 

This Special Committee therefore pro- 

poses to determine: 

1. The method of formation, thick- 
ness, permanence, and thermal con- 

be ductivity of oxide films on the steam 
swept surfaces. 

2. The resistance of the alloys to the 
furnace gases such as may be en- 
countered in commercial service, 
that is, the action on the exterior 
tube surfaces. 

. The metallurgical stability of the 
contemplated materials subjected 
to high temperatures for long 
periods of time. 


4. The effects of rapid tube quenching 

as experienced during soot blowing. 

The actual research program will be 

undertaken at Purdue University, at 

Twin Branch Power Plant at Misha- 

waka, Ind., and at Battelle Memorial 
Inst. 


The undersigned officers of the Joint 
Committee were reelected for a two-year 
term ending June, 1952, and, together 
with A. J. Herzig and N. L. Mochel, con- 
stitute the Executive Committee. 


Respectfully submitted on behalf of 
the committee, 
Ernest L. Rosinson, 
Chairman. 


a 


H. C. Cross, 
Secretary. 
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REPORT OF COMMITTEE C-1 


Committee C-1 on Cement held three 
meetings during the past year: in Atlan- 
tic City, N. J., July 1, 1949; in San 
Francisco, Calif., October 11, 1949; 
and in Pittsburgh, Pa., March 1, 1950. 

At the July 1 meeting, F. R. McMil- 
lan, formerly Director of Research for 
the Portland Cement Association, pre- 
sented an interesting talk on ‘Present 
Trends in the Long-Time Study of Ce- 
ment and Concrete.” That study has 
been conducted by the Portland Cement 
Association at various places in the 
country for some years, under the guid- 
ance of a special committee of technical 
representatives of government, states 
and producer interests, with P. H. 
Bates as chairman. 

The October meeting was the first 
Pacific Coast meeting of the committee. 
It was well attended and featured nu- 
merous papers, presented under the 
sponsorship of the committee. Two 
papers dealt with portland cements, 
their types, and their performance in 
long-time observations. In addition a 
symposium on “Use of Pozzolanic Mate- 
rials in Mortars and Concretes” was 
held, consisting of eleven papers. The 
symposium is now in process of being 
published by the Society as a Special 
Technical Publication. 

The committee records with sorrow 
the deaths of two of its long-time mem- 
bers, Joshua L. Miner and Thomas A. 
Hicks. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1949 Annual Meet- 
~ 4 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 


ing, Committee C-1 ead to the 
Society, through the Administrative 
Committee on Standards, the following 
four tentatives: 


Tentative Specifications for Air-Entraining Ad- 
ditions for Use in the Manufacture of Air- 
Entraining Portland Cement (C 226- 50 T),? 

Tentative Method of Test for Potential Alkali 
Reactivity of Cement-Aggregate Combina- 
tions (C 227 - 50 T),? 

Tentative Revision in Standard Method of Test 
for Heat of Hydration of Portland Cement 
(C 186 - 49) 3 and 

Tentative Revision of Standard Method of 
Test for Compressive Strength of Hydraulic- 
Cement Mortars (C 109 - 47).? 


These recommendations were accepted 
by the Standards Committee on March 
1, 1950, with the exception of the tenta- 
tive revision of Standard Method of Test 
C 109, which was accepted on Septem- 
ber 22, 1949. ; 


ADDITIONS ACCEPTABLE UNDER 
SPECIFICATIONS C 175 T 


Based on the recommendations of the 
Working Committee on Additions, Com- 
mittee C-1 has declared the following 
two materials acceptable for inclusion 
in the list of air-entraining agents 
acceptable under Specifications C 175 T: 


1. A material known commercially as N- 
TAIR, which is manufactured by Newport 
Industries, Inc., and consisting substantially 
of a sodium resinate produced from pine wood 
stumps from which the bulk of the petroleum 
naphtha-soluble resin acids has been removed. 
The resin, if regenerated from the soap, has an 
acid number not less than 125. The N-TAIR 
has been stabilized so that it will remain homo- 
geneous and completely soluble at all working 
concentrations. 

2. A material known commercially as Aira- 


2 1950 Supplement to Book of ASTM > Part 3. 
3 1949 Book of A.S.T.M. Standards, Part 3 
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manufactured by the Dewey & 
Almy Chemical Co., and which consists sub- 
stantially of hydro aromatic and fatty carboxylic 
acids, being derived from an alkaline process of 
paper manufacture and neutralized to make a 
water-soluble soap. The acids, if regenerated 
from the soap, have an acid number of 150 to 
160. 


ACTIVITIES OF SUBCOMMITTEES 


The Sponsoring Committee on Port- 
land Cement (R. R. Litehiser, chairman) 
has been engaged in studies of questions 
relating to the specifications under its 
jurisdiction. Particular attention was 
paid to the relative merits of the tensile 
and compressive strength tests, and the 
subcommittee recommended that a foot- 
note under Table II of Specifications 
C 150 for Portland Cement be revised 
to the effect that, in the absence of 
preference being indicated by the pur- 
chaser, the compressive strength require- 
ment would govern. However, the recom- 
mendation was not favorably acted upon 
by Committee C-1. 

The Sponsoring Committee on Ma- 
sonry Cement (H. D. Baylor, chairman) 
is making further study of the specifi- 
cations for natural cement and masonry 
cement. Efforts are being made to im- 
prove the methods of testing the natural 
cement for strength and autoclave ex- 
pansion. 

The Sponsoring Committee on 
Blended Cement (L. R. Forbrich, chair- 
man) is engaged in a series of coopera- 
tive tests in the search for a suitable 
means of measuring the pozzolanic activ- 
ity of materials. A current study is 
directed towards the achievement of 
tentative specifications for certain poz- 
zolanic materials. 

The Working Committee on Methods 
of Chemical Analysis (W. C. Hanna, 
chairman) has contributed additional 
data on the results reported by three 
laboratories on nine samples of portland 
cement when using the flame photometer 


for the alkali con- 
tent. The subcommittee is also engaged 
in the study of an improved method for 
removing manganese in the precipita- 
tion of calcium. 

The Working Committee on Volume 
Change and Soundness of Portland 
Cement (H. F. Gonnerman, chairman) 
presented a method of test for determin- 
ing the potential alkali reaction of ce- 
ment-aggregate combinations. That 
method has been recently submitted to 
the Society by Committee C-1 and was 
accepted by the Society as a new tenta- 
tive. The subcommittee is engaged in 
assembling and studying data relating 
to the present specification limit on 
autoclave expansion of cement and is 
also preparing revisions of the bibli- 
ography relating to the subcommittee’s 
work. Details of test equipment are 
being studied. 

The Working Committee on Sulfate 
Resistance (D. Wolochow, chairman) 
has been engaged in a series of coopera- 
tive tests planned to provide the basis 
for a sulfate resistance performance 
test. Seventeen laboratories have been 
testing 13 cements, with and without 
air-entraining agents. Preliminary data 
are being studied. Four laboratories 
plan to make the sulfate susceptibility 
test as detailed in R. H. Bogue’s book, 
“The Chemistry of Portland Cement.’ 

The Working Committee on Time of 
Set (E. E. Berger, chairman) developed 
a program of study of proposed test 
methods and has been engaged in a 
second cooperative series of tests on neat 
cement pastes. 

The Working Committee on Heat of 
Hydration (W. J. McCoy, chairman) 
has been studying a new simplified heat 
of solution method for determining the 
heat of hydration of portland cement, 
and has planned a cooperative series of — 
tests thereon. The new method was pro- 


4R. H. Bogue, “The Chemistry of Portland Cement.”’ 
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posed by Leo Shartsis of the National 
Bureau of Standards. The subcommittee 
presented to the committee a new sec- 
tion governing conditions of retest that 


was accepted by the Society as a tenta- 


tive revision of Method C 186, as men- 
tioned earlier in this report. 

The Working Committee on Bleeding, 
Plasticity and Workability (H. L. Ken- 
nedy, chairman) presented a proposed 
Method for Measuring the Bleeding of 
Cement Pastes and Mortars, the method 
being based on the liquid-displacement 
principle that was described in the 
paper presented at the 1949 Annual 
Meeting of the Society by R. E. Valore, 
Jr., J. E. Bowling, and R. L. Blaine,° 
of the National Bureau of Standards. 
The proposed method is now being 
recommended by Committee C-1 as a 
new tentative, and is appended to this 
report.® 

The Working Committee on Fineness 
(R. L. Blaine, chairman) has been en- 
gaged in studying questions related to 
the various fineness tests, including the 
study of air-permeability tests at lower 
pressures, and the question of extending 
the Wagner turbidimeter tests down to 
particles of portland cement of 2.5- 
micron size. 

The Working Committee on Strength 
(G. L. Lindsay, chairman) has been 
studying questions related to the 
strength tests of mortars. The subcom- 
mittee proposed certain revisions de- 
signed to effect improvement in details 
of procedure and equipment used in 
Method C 109. These revisions were 
later accepted by the Society as tenta- 
tive revisions, as mentioned previously 
in this report, and were appended as 
information in the latest printing of the 
method. The subcommittee has just 
recently submitted to the committee 


5 Proceedings, Am. Soc. Testing Mats., Vol. 49, p. 891 
(1949). 

* The new tentative method was accepted by the So- 
ciety and appears in the 1950 Supplement to ASTM Book 
of Standards, Part 3. 
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additional proposed revisions in Method 
C 109, as described later in this report. 

The Working Committee on Additions 
(C. H. Scholer, chairman) had reviewed 
the results of tests on two materials that 
had been submitted to Committee C-1 
as additions to cement under Tentative 
Specifications C 175. Based on the sub- 
committee’s recommendations, Commit- 
tee C-1 declared that those two materials 
were acceptable for inclusion among the 
acceptable additions listed in Tentative 
C 175. These actions have been reported 
to the Society, and have been recorded 
in the ASTM Buvuttetin. The two 
additions are described earlier in this 
report. The subcommittee also prepared 
and submitted a proposed specification 
for air-entraining additions used in 
making air-entraining portland cements. 
The proposed specification was later 
accepted by the Society as new Tenta- 
tive Specifications C 226 T, mentioned 
in this report and appended thereto.? 
The new tentative marks an important 
development in the work of Committee 
C-1. When and if the use of this new 
tentative is incorporated as a revision 
of Specifications C 175 T and C 205 T, 
there will no longer exist the need for 
the committee to pass on the acceptabil- 
ity of individual air-entraining additions, 
as is now required by Specifications 
C175T, and additions would not be 
mentioned by their commercial names, 
as is now done under the notes to that 
specification. 

The Working Committee on Coordina- 
tion of Methods of Test (J. R. Dwyer, 
chairman) has continued its study of 
questions of common interest to some of 
the various subcommittees, particularly 
the questions relating to flow tables and 
standard sand. 

The Working Committee on SO; 
Content (H. S.- Meissner, chairman) 
submitted two lengthy progress reports 
on the results being obtained in its cur- 
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rent extensive cooperative study of eight 
cements, each prepared with seven 
different amounts of gypsum. The second 
report summarized the results of the 
effect of SO; content on durability as 
revealed by freezing-and-thawing tests. 
Therein, the subcommittee pointed out 
that the optimum SO; content, as de- 
fined by strength and volume change of 
mortars, is slightly less than the SO; 
content for maximum durability. In 
the presence of air-entraining agents, 
however, the differences in durability 
due to varying the SO; content appeared 
to be negligible. The subcommittee is 
currently busy in a cooperative study of a 
convenient performance test designed to 
show when a cement has the optimum 
of gypsum. 

The Working Committee on Methods 
of Test for Air-Entrainment (H. K. 
Cook, chairman) continued its study of 
questions related to its work, and has 
outlined a very extensive series of co- 
operative tests for the near future. 

The Subcommittee on Cement Refer- 
ence Laboratory (G. E. Warren, chair- 
man) has continued its assistance in 
guiding the work of the Cement Refer- 
ence Laboratory at the National Bureau 
of Standards. This joint project of the 
Government and the A.S.T.M. is spon- 
sored by Committee C-1, and is sup- 
ported by funds received through the 
National Bureau of Standards, the Bu- 
reau of Public Roads, and the A.S.T.M. 
Progress has been made in rebuilding 
and training personnel. The laboratory 
inspections during the past year have 
included the verification of compression 
testing machines up to the capacity of 
200,000 Ib. Additional data have been se- 
cured in cooperative tests of the experi- 
mental mixture prepared by the Labora- 
tory for the calibration of flow tables, 
and the question of making such a sample 
more generally available to interested 
laboratories is now being studied. The 
Laboratory has cooperated with the 
various A.S.T.M. subcommittees in mat- 
ters relating to apparatus and methods 
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that are of possible interest in testing 
cement. 

The Editorial Committee (W. J. 
McCoy, chairman) has continued its 
study of the various standards that are 
under the jurisdiction of Committee C-1 


and has presented recommendations to — 


the appropriate subcommittees. 


New TENTATIVE 


Tentative Method of Test for Determin- 
ing the Bleeding of Cement Pastes and 
Mortars—Because of the long-existent 
interest in the bleeding of cements in 
the various mixtures in which they are 
used, the committee recommends the 
acceptance as tentative of this method, 


PVA 
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as appended to this report.® The applica- — 


tion of this liquid-displacement method 
to the collection and continuous meas- 
urement of bleeding water formed the 
subject of a paper by Valore, Bowling 
and Blaine at the 1949 Annual Meeting 
of the A.S.T.M.® Cooperative study has 
recently been devoted to this subject by 


a number of laboratories. No recommen- 
dations are made as to limits, and limits 
on bleeding are not included in current __ 
A.S.T.M. cement standards. It is hoped 
that the publication as tentative will — 


promote the study of a question of great 
interest to makers and users of cement. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


Standard Method of Test for Compres- 
sive Strength of Hydraulic-Cement Mortars 
(C 109-49)—-The committee recom- 
mends revisions for immediate adoption 


in this standard, and accordingly asks | 


for a nine-tenths affirmative vote at the 
Annual Meeting in order that this recom- 
mendation may be referred to letter 
ballot of the Society. It is advantageous 


to have these revisions become effective — 


at the same time the recommended ad- 
vancement of the existing tentative re- 
vision may be made, so that certain 
refinements in details of the test may be 
accomplished at one time. The revisions 
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_ proposed for immediate action are as 
follows: 
Section 2 (g).—Replace the entire sec- 
- tion with the following sentence: “The 
flow table shall conform to the require- 
ments of Tentative Specifications for 
Flow Table for Use in Tests of Hydraulic 
Cement (A.S.T.M. Designation: C 230).” 

Section 2 (h).—Replace the entire sec- 
tion with the sentence: “The flow mold 

shall conform with the requirements of 
_ Tentative Specifications for Flow Table 
for Use in Tests of Hydraulic Cement 
(A.S.T.M. Designation: C 230).” 

Section 2 (i)——Add the following sen- 
tence at the end of this section: “The 
tamping face of the tamper shall be flat 
and at right angles to the length of the 
tamper.” 

Section 8 (b)—Omit the word “‘stir- 
ring” from the first sentence of this sec- 
tion. In the second sentence change item 
(1) to read as follows: “(1) Place the 
water in the dry bowl.” 

Section 9——Change the ninth sentence 
to read: “The flow is the resulting in- 
crease in average diameter of the mortar 
mass, measured on at least four diame- 
ters at approximately equi-spaced inter- 
vals, expressed as a percentage of the 
original diameter.” 


ADOPTION OF TENTATIVE REVISION AS 
STANDARD 


Standard Method of Test for Compres- 
sive Strength of Hydraulic-Cement Mor- 
tars (C109-49)—As already men- 
tioned in this report, the Society accepted 
certain tentative revisions in C 109 dur- 
ing the past year. These revisions were 
designed to effect certain refinements in 
the apparatus and procedure used in 
that test. Those revisions were appended 
to Methods C 109 in the latest printing 
of the method. Apparently, the revisions 
were favorably regarded, and now the 
committee recommends the adoption as 
standard of the tentative revision, with 
the exception that the revision proposed 
for the ninth sentence of Section 9 is 
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to be disregarded, that sentence now 
being covered by the new revision, else- 
where recommended in this report for 
immediate adoption as standard. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


Because of related current study, the 
committee recommends that the follow- 
ing tentatives be retained as tentative 
without revision at this time: 


Tentative Methods of Chemical Analysis of 
Portland Cement (C 114-48 T) 

Tentative Specifications for Air-Entraining Port- 
land Cement (C 175-48 T)® 

Tentative Method of Test for Fineness of Port- 
land Cement by Air-Permeability Apparatus 
(C 204 - 46 T)3 

Tentative Specifications for Portland Blast- 
Furnace Slag Cement (C 205-48 T)? 

Tentative Definition of Term Addition as Ap- 
plied to Hydraulic Cements (C 219-48 T)® 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting. 


The election of officers for the ensuing 
term of two years resulted in the election 
of the following: 

Chairman, R. R. Litehiser. 

Vice-Chairman, W. C. Hanna. st 

Secretary, W. S. Weaver. 

Six Members at Large of the Advisory 
Committee, H. D. Baylor, R. F. Blanks, 
F. H. Jackson, W. H. Klein, G. L. Lind- 
say, C. H. Scholer. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 86 voting members, of whom 


' 72 have voted affirmatively and 0 nega- 


tively. 


Respectfully submitted on behalf of 
the committee, 


F. H. Jackson, 
Chairman. 
G. E. WARREN, 


Secretary, 


ie 
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Subsequent to the Annual Meeting, Committee C-1 presented to the Society 

oe the Administrative Committee on Standards the following recommenda 


Revision of Tentative Specifications for: 
Air-Entraining Portland Cement (C 175 - 48 T) 


Revision of Tentative Method of: 


Test for Air Content of Air-Entraining Hydraulic-Cement Mortar (C 185 - 49 T). 
Tentative Revision of Standard Specifications for: 
Portland Cement (C 150 - 49). 


These recommendations were accepted by the Standards Committee on Sep- 
tember 26, 1950, and the revised tentatives together with the tentative revision 


of standard C 150-49 appear in the 1950 Supplement to Book of ASTM Stand- 
ards, Part 3. 
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Committee C-2 on Magnesium Oxy- 
chloride and Magnesium Oxysulfate 
Cements has met three times during the 
year. 

Owing to the increasing interest in and 
the extended applications of oxysulfate 
cements, the scope of the committee has 
been broadened to _ include these 
products. 

The following officers have been re- 
elected for the ensuing term of two years: 

Chairman, L. S. Wells. 
Vice-Chairman, Dean Hubbell. 
Secretary, G. J. Fink. 

Seventeen methods of test were sub- 
mitted to the Society with the recom- 
mendation that they be published as 
tentative. Three of these methods have 
been approved and appear in the 1949 
Book of A.S.T.M. Standards. Revisions 
of the remainder, as suggested by the 
Administrative Committee on Standards, 
are under review. Additional methods 
are being considered by Subcommittee 
II on methods of test. 


. RECOMMENDATIONS ACCEPTED BY THE 


ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


‘Subsequent to the 1949 Annual Meet- 
ing, Committee C-2 presented to the 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 


ON 


MAGNESIUM OXYCHLORIDE AND MAGNESIUM ait: 
OXYSULFATE CEMENTS! 


Society through the Administrative 
Committee on Standards the following 
recommendations: 


New Tentative Method of: 

Test for Sieve Analysis of Plastic Calcined Mag- 
nesia (C 239-49 T), 

Test for Sieve Analysis of Magnesium Oxy- 
chloride Compositions, Aggregates and Fil- 
lers (C 238-49 T), and 

Sampling Magnesium Oxychloride Composi- 
tions and Ingredients (C 237 —- 49 T). 


These recommendations were accepted 
by the Standards Committee on January 
17, 1950, and the new tentative methods 
appear in the 1949 Book of A.S.T.M. 
Standards, Part 3. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 17 voting members; 13 members 
returned their ballots, all of whom have 
voted 

Respectfully submitted on behalf of 
the committee, 

L. S. WELLs, 
Chairman. 
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On MAGNESIUM OXYCHLORIDE CEMENTS 


EpitoriAL NOTE 


Subsequent to the 1950 Annual Meeting, ati C-2 presented to the 
Society through the Administrative Committee on Standards the following 
recommendations: 


New Tentative Method of: 
of Magnesium Sulfate (Epsom Salts) Technical Grade, MgSOy-7H:0 
44 - 50 
Analy sis of Magnesium Chloride (MgCle-6H20) (C 245-50 T), 
Testing Magnesia (MgO) for Magnesium Oxychloride Cements "C 246 - 50 T), 
Determination of Ignition Loss and Active Calcium Oxide in Magnesium Oxide for Use in Mag- 
nesium Oxychloride Cements (C 247 - 50 T), 
‘Test for Bulk Density of Magnesium Oxychloride Cement Compositions (C 248 - 50 T), 
Slump Test for Field Consistency of Magnesium Oxychloride Cements (C 249 - 50 T), 
Test + Field Determination of the Specific Gravity of Gauging Solutions of Magnesium Chloride 
and Magnesium Chloride-Magnesium Sulfate for Magnesium Oxychloride Cement Composi- 
ae, tions (C 250-50 T), 
" _ Mixing Oxychloride Cement Compositions with Gauging Solution for Preparation of Specimens 
+ for Laboratory Tests (251 50 T) 
Determination of Linear Contraction of Manesium Oxychloride Cements (C 252 - 50 T), 
Determination of Linear Change of Magnemsium Oxychloride Cements (C 253-50 T), 
Determinaton of Setting Time of Magnesium Oxychloride Cements (C 254-50 T), 
Cee se the Consistency of Magnesium Oxychloride Cements by Means of a Flow Table 
(C 255 — 50 T) 
est for Transverse Strength of Magnesium Oxychloride Cement Compositions Using Simple Bar 
with Knife Edge or Two Poading (C 256 - 50 T), 
_ Test for Compressive Strength of Magnesium Oxychloride Cement Compositions (C 257 - 50 T). 


These recommendations were accepted by the Standards Committee on 
September 26, 1950, and the new tentative methods appt in the 1950 Supple- 
ment to Book of ASTM Standards, Part 3. 


— tit 
| 
| 


REPORT OF COMMITTEE C-4 


Committee C-4 held one 
during the year on June 28, 1949, during 
the annual meeting of the Society. 
The record of the year’s events must 
chronicle with sadness the news of the 
deaths of Anson Marston and H. E. 
Kilgus. Both were members of Commit- 
tee C-4 for many years and their gen- 
erous contributions of time and effort 
to advance committee activities were 
continually helpful throughout the years. 
They will be missed from the meetings 
for their memory will remain indelibly im- 
pressed in the minds of all who knew them. 


Dean Marston was for a long time 
chairman of the committee. A memorial 
resolution recording the committee’s 
feeling of profound sympathy was pre- 
pared and was presented to Dean 
Marston’s family. 


_ ADOPTION OF TENTATIVE AS 
STANDARD 


The committee recommends that the 
Tentative Specification for Standard 
Strength Perforated Clay Pipe (C211 - 
47 T)* be approved without change for 
reference to letter ballot of the Society 
for adoption as standard. 


O. Everhart, chairman) has held one 
meeting during the year. Consideration 
has been given to the following revisions 


in tentatives: 


1 Presented at the way: third Annual Meeting of the 
Society, June 26-30, 1950 
2 1949 Book 'AS.T.M. Standards, Part 3. 


ON 
CLAY PIPE! 


Tentative Specifications for Standard 
Strength Clay Sewer Pipe (C13- 44 
T). — Eliminate the column entitled 
“Maximum Inside Diameter of the 
Socket at 4 in. above the Base” in Table 
II. 

Tentative Specification for Eatra 
Strength Pipe (C 200 — 44 T).—The svb- 
committee recommended that a general 
revision of the Extra Strength Clay Pipe 
Specification should be made and to 
this end is making a thorough study and 
investigation in order to report its find- 
ings to Committee C-4 at the next 
meeting. 

Recommended Practice for Laying Sewer 
Pipe (C 12 — 19).—Since there have been 
no changes made in C 12-19 for many 
years, Subcommittee II is studying it 
for possible revision to bring it up to 
date. 

Subcommittee II has been given the 
task of writing a new specification for 
standard strength ceramic glazed pipe 
and for ceramic glazed extra-strength 
clay pipe. A small working committee 
under the chairmanship of E. C. Clemens 
has completed a draft of the standard 
strength ceramic glazed specification. 

Subcommiitee III on Clay Flue Lining 
(Wendell Anderson, chairman)—Organ- 
ization of a new subcommittee on clay 
flue lining has been completed with a 
total membership of eight. Since the 
scope of Committee C-4 did not provide 
for the writing of a specification for 
flue lining, the wording pertaining to 
the scope was amended to include flue 
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On CLay Prre 


lining. Because of the complexity in- letter ballot of the committee which con- ae 
volved in drafting standards for clay sists of 32 members; 25 members re- 
flue linings, the subcommittee has recom- turned their ballots, all of whom have i 
mended, and its members are undertak- voted affirmatively. ae 
ing, an investigation of all service fac- Respectfully submitted on behalf of 
tors necessary for formulating such a_ the committee, sf 
standard. This research is likely to 
extend over a considerable period of wear Chairman, 
time. R. G. Scorr, 

This report has been submitted to Secretary. 


Eprtor1aL Note 
: Subsequent to the Annual Meeting, Committee C-4 presented to the Society 


through the Administrative Committee on Standards the following recommenda- 
tions: 


Revision of Tentative Specifications for: ls 
Standard Strength Clay Sewer 13-44 T), and 
Extra Strength Clay Pipe (C 200 - a 
These recommendations were accepted by the Standards Committee on Sep- 
tember 26, 1950, and the revised tentative specifications appear in the 1950 Sup- 
plement to Book of ASTM Standards, Part 3. 


On January 17, 1951, the Administrative Committee on Standards accepted 
the recommendation of Committee C-4 that the Tentative Specifications for Ce- 
ramic-Glazed Pipe be published as tentative. The new tentative specifications 
appear in the 1950 Supplement to Book of ASTM Standards, Part 3, bearing 
the designation C 261 — 50 T. 


. 


REPORT OF COMMITTEE C-7 
ON 


LIME! 


Committee C-7 on Lime held two 
2 Meetings during the past year: the first 
: at Atlantic City, N. J., during the An- 
ey! nual Meeting of the Society, and the 
second at Pittsburgh, Pa., on March 3, 
ans 1950. The committee now consists of 45 
members, of whom 22 are classified as 
producers, 7 as consumers, and 16 as 
general interest members. 
Only one change in existing standards 
_ and tentatives was proposed during the 
year. A tentative revision of the Specifi- — 


(C141 
mittee, 


-42) was accepted by the com-— 
which would add another class — 
present specifications. 

Ae Progress was made in revising Speci- 
fications for Quicklime and Hydrated 
Lime for Water Treatment (C 53 — 39), 


ty and two new specifications for lime for 
calcium carbide and for grease manu- 
7 7 facture respectively, were prepared and 
sent to letter ballot of the committee. 


A letter ballot, as a matter of informa- 


1 Presented at the a third Annual Meeting of the 


Society, June 26-30, 1950 


mendations: 
Tentative Specifications for: 
Quicklime andCalcium Carbide Manufacture (C 258 50 T), and 
ee | Hydrated Lime for Grease Manufacture (C 259 - 50 T). 


of hydraulic lime with no change in the _ 


Eprror1AL Note 


Subsequent to the Annual Meeting, Committee C-7 presented to the Society 
through the Administrative Committee on Standards the following recom- 


These recommendations were accepted by the Standards Committee on Sep- 
: tember 26, 1950, and the new tentative specifications appear in the 1950 Supple- 
ment to Book of A.S.T.M. Standards, Part 3. 


tion, was taken on the desirability of 
writing specifications on “agricultural 
liming material” with a majority of the 
committee not considering it favorably. 

Considerable committee work has been 
performed on round-robin testing for 
different methods of analyzing impuri- 
ties in lime, such as iron, COs, fluorine, 
and trace elements. 

The following officers were elected for 
the ensuing term of two years: 
Chairman, Walter C. Voss. 


cations for Hydraulic Hydrated Lime | oa Vice-Chairman, L. K. Herndon. 


ne Vice-Chairman, E. E. Eakins. 
Secretary, Robert S. Boynton. 


The report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 45 members; 37 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of © 
the committee, 
WALTER C. Voss, 
Chairman. 
RoBERT S. BOYNTON, 


Secretary. 
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Committee C-8 on Refractories has 
held two meetings during the past year: 
the seventy-sixth in Bedford Springs, 
Pa., on September 22, 1949, and the 
seventy-seventh in Pittsburgh, Pa., on 
February 28, 1950. 

The committee has lost one member 
by death, Ralph M. Bowman. His place 
as representative of Republic Steel Corp. 
has been filled by the election of John J. 
Hazel. B. L. Dorsey has been elected as 
successor to the late L. A. Smith as 
representative of Jones & Laughlin Steel 
Corp. C. A. Varall succeeds W. S. Elliott 
as representative of the Department of 
Public Works, New York City. 

The president, vice-chairman, and sec- 
retary were reelected for the ensuing term 
of two years. 

The limit of membership of the com- 
mittee was increased from 38 to 40, to 
permit the election of two members to 
represent the newer special refractories 
field. The present membership is 38, of 
whom 17 are classified as producers, 13 
as consumers, and 8 as general interest 
members. There are 15 consulting mem- 
bers. 


REVISION OF TENTATIVE 


Tentative Specifications for Castable 
Refractories for Boiler Furnaces and In- 
cinerators (C 213 — 47 T).2~—The commit- 
tee recommends the following revision 
of these specifications: 

Section 9(c)—Replace the period in 
the last sentence with a comma and add: 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
2 1949 Book of A.S.T.M. Standards, Part 3. 


ON 
REFRACTORIES! 


“except that when using a hydraulic 
testing machine the load shall be applied 
at the rate of 500 lb. per min.” The pur- 
pose of this change is to bring the time 
of loading-to-failure in the modulus of 
rupture of castables into line with that 
of Types F and G brick and air-set 
mortars. 


TENTATIVE REVISIONS OF STANDARDS 


Standard Specifications for Refractories __ 


for Malleable Iron Furnaces with Re- 
movable Bungs, and for Annealing Ovens 
(C 63 47).~—The committee recom- 
mends the following tentative revision 
of this standard: 

Section 11 (i)—Replace the period in 
the last sentence with a comma and add: 
“except that when using a hydraulic 
testing machine for modulus of rupture 
for Type I brick and shapes the load shall 


be applied at the rate of 1000 lb. per — 


min.” 

Standard Methods of Chemical Analysis 
of Refractory Materials (C 18 
The committee recommends the follow- 
ing tentative revisions of this standard: 

Section 12-—Delete this paragraph 
and substitute the following: 


12. Determine TiO, colorimetrically by use 
of a photometer as follows: Transfer the 25-ml. 
portion reserved for the determination of TiO, 
(Section 11) to a 100-ml. volumetric flask. Add 
5 ml. of H2SO, (1:1). Cool to room temperature 
and dilute to the mark. Transfer exactly half of 
the solution to another 100-ml. volumetric flask. 
Dilute one of the flasks to the mark with H.SO, 
(1:19). To the other add 5 ml. of 3 per cent 
H,02, then dilute nearly to the mark with H,SO, 
(1:19), adjust temperature to 25 + i C., then 


adjust volume exactly and let stand at least 5 — 


@? 
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min. Transfer a portion from the first flask to a 


- cuvette and set the potentiometer scale reading 
at zero. Then measure the absorption of the solu- 
tion in the second flask. Read the percentage of 
titania present from a calibration curve. Con- 

struct this curve by adding varying amounts of 

standard titania solutions to H,SO, (1:19), 
develop color with 5 ml. of 3 per cent H,Oz, let 

stand 5 min. and read the absorption, using 
yi: H,SO, (1:19) for the zero setting of the poten- 

tiometer scale. 

Note 1.—If a spectrophotometer is used, 
rs measure the absorption at mean transmission of 

- 420 mu. If a filter photometer is used, use a glass 
with a maximum transmission in the region of 
420 mu. 

Norte 2.—As an alternate method, TiO, can 

_ be determined in the 25-ml. portion reserved for 

- this purpose (Section 11) by oxidizing both the 

sample and the standard TiO, solution with 
several drops of a H,O,2 solution (30 per cent). 
Compare the colors either in Nessler tubes or in 
a suitable colorimeter. Use a H,SO, solution (5 
per cent) for diluting purposes in matching the 

colors. 


Section 23—Delete this paragraph 
and substitute the following: 


23. Fuse the ignited R,O; residue after recov- 
ery of SiO, (Section 21) with a small piece of 
K.S,0; or NazS,O7. Cool, and dissolve the melt 
in 30 ml. of H2SO, (1:5). Transfer to a 100-ml. 
volumetric flask, and dilute almost to the mark. 
Cool to 25 +1C. and adjust volume exactly. 
Transfer a portion of the solution to a photom- 
eter cuvette and set the potentiometer scale 

reading at zero. To the balance of the solution 
in the flask add 5 drops of 30 per cent H,O2, mix, 
let stand at least 5 min., and measure the ab- 
sorption of the colored solution. Read the per- 
centage of titania present from a calibration 
curve. Construct this curve by adding varying 
amounts of the standard titania solution to 
H,SO, (1:19), develop color with 30 per cent 
H,02, let stand 5 min., and read the absorption, 
using H,SO, (1:19) for the zero setting of the 
potentiometer scale. 

Nore 1.—If a spectrophotometer is used, 
measure the absorption at mean transmission 
of 420 mu. If a filter photometer is used, use 
a glass with maximum transmission in the re- 

gion of 420 mu. 

Nore 2.—As an alternate method fuse the 

ignited RO, residue after recovery of SiO, 
(Section 21) with a small piece of K2S,0; or 
_ Na,S.O7. Cool, and dissolve the fusion by the 
- addition of about 25 ml. of warm water and 1 
to 2 ml. of H,SO, to the crucible. It is important 
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at this point to keep the solution to a small 
volume. Transfer to a 50-ml. volumetric flask, 
add a few drops of H2,O:, and dilute to the mark. 
Place the 50 ml. of solution in a small Nessler 
tube. Compare the color of this solution with 
the color of a known standard solution. A satis- 
factory solution is one of such strength that 1 
ml. equals 0.0001 g. of TiO. To make the com- 
parison use any standard colorimeter, or place 
an appropriate amount of standard solution in 
a second Nessler tube and dilute with water 
from a buret until the color is matched. From 
the amount of water added, calculate the per- 
centage of TiO, in the sample. 


Section 33—In line 21 change “5.0 
ml.” to read “10.0 ml. (or 5.0 ml. if 
the alternate method is followed)’’. 

Section 34—Delete this paragraph 
and substitute the following: 


34. Add to the 10.0-ml. portion previously 
reserved (Section 33) 10 ml. of H,SO, (1:1) and 
evaporate to fumes. Dilute with 10 to 20 ml. of 
water, and cool. Transfer to a 100-ml. volu- 
metric flask, and dilute to the mark. Transfer 
exactly half of the solution to another 100-ml. 
volumetric flask. Dilute one of the flasks to the 
mark with H2SO, (1:19). To the other add 5 
ml. of 3 per cent H,O:, then dilute nearly to the 
mark with H,SO, (1:19), adjust temperature to 
25+1(C., then adjust volume exactly and let 
stand at least 5 min. Transfer a portion from the 
first flask to a photometer cuvette and set the 
potentiometer scale reading at zero. Then 
measure the absorption of the solution in the 
second flask. Read the percentage of titania 
present from a calibration curve. Construct this 
curve by adding varying amounts of the stand- 
ard titania solutions to H,SO, (1:19), develop 
color with 5 ml. of 3 per cent H,Oz, let stand 5 
min. and read the absorption, using H,SO, (1:19) 
for the zero setting of the potentiometer scale. 

Nore 1.—If spectrophotometer is used, meas- 
ure the absorption at mean transmission of 420 
mu. If a filter photometer is used, use a glass 
with maximum transmission in the region of 
420 my. 

Nore 2.—As an alternate method add to the 
5.0-ml. portion previously reserved (Section 33) 
10 ml. of H,SO, (1:1) and evaporate to fumes. 
Dilute with 10 to 20 ml. of water, and cool. 
Pour into a 100-ml. volumetric flask, add a few 
drops of HO; (30 per cent), dilute to the mark, 
and mix. To a 100-ml. volumetric flask, add ex- 
actly 20.0 ml. of the standard TiO, solution and 
10 ml. of H,SO, (1:1). Add a few drops of H,O, 
(30 per cent), dilute to the mark, and mix. 


Compare the colors either in Nessler tubes or in 
a suitable colorimeter. 


Section 55(b)——Change the last sen- 
tence to read as follows: 


Finally dissolve the precipitate with hot 
H,SO, (1:19) using a total of 125 ml. for dis- 
solving and washing, and catching the solution 
and washings in a 250-ml. volumetric flask. 
Cool, and dilute to the mark. In case the alter- 
nate method is followed, dissolve the precipi- 
tate with hot diluted H,SO, (10 per cent), cool, 
add several drops of H.O2, and dilute to 250 
ml. 


Section 56—Delete this paragraph 
and substitute the following: 


56. Transfer two 50-ml. aliquots to 100-ml. 
volumetric flasks. Dilute one flask to the mark 
with H,SO, (1:19). To the other flask add 5 ml. 
of 3 per cent H2,Os, and dilute nearly to the mark. 
Adjust the temperature to 25 + 1 C. then make 
final volume adjustment. Let stand at least 5 
min. before reading absorption. Transfer a por- 
tion from the first flask to a photometer cuvette 
and set the potentiometer scale reading at zero. 
Then measure the absorption of the solution in 
the second flask. Read the percentage of titania 
present from a calibration curve. Construct 
this curve by adding varying amounts of the 
standard titania solution to H,SO, (1:19), de- 
velop color with 5 ml. of 3 per cent H,Oz, let 
stand 5 min. and read the absorption, using 
H.SO, (1:19) for the zero setting of the poten- 
tiometer scale. 

Norte 1.—If a spectrophotometer is used, 
measure the absorption at mean transmission 
of 420 mu. If a filter photometer is used, use a 
glass with maximum transmission in the region 
of 420 mu. 

Note 2.—As an alternate method take 100-ml. 
aliquot portion from the 250-ml. acid solution 
(Section 55) and determine the TiO, colori- 
metrically by placing the solution in a 100-ml. 
Nessler tube and comparing it with the color of 
an appropriate amount of the standard TiO, 
solution in another Nessler tube. Both the solu- 
tion of the sample and the reference standard 
solution shall be cooled to room temperature 
before making the comparison. Dilute the refer- 
ence standard with a measured amount of water 
from a buret until the color is matched. From 
the amount of water added, calculate the per- 
centage of TiO.,in the sample. A_ standard 
colorimeter may be used instead of the Nessler 
tubes. 


ON REFRACTORIES LS 


Standard Definitions of Terms Relating 
to Refractories (C71 -47).2—The com- 
mittee recommends the following tenta- 
tive additions to this standard: 


Carbon Refractory.—A manufactured refrac- 
tory comprised substantially or entirely of car- 
bon (including graphite). 

Carbon-ceramic Refractory —A manufactured 
refractory comprised of carbon (including graph- 
ite) and one or more ceramic materials such as 
fireclay and silicon carbide. 


The recommendations in this report 
have been submitted to letter ballot to 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Industrial Survey 
(R. P. Stevens, chairman).—Surveys of 
current practice in the use of refrac- 
tories in the copper, coke, and flat glass 
industries are expected to be ready for 
the next manual. Other surveys are in 
various stages of preparation. 

Subcommittee II on Research (R. E. 
Birch, chairman)——A revised list of 25 
research problems connected with tests 
on refractories is now available to any- 
one interested. 

Subcommittee III on Tests (S. M. 
Phelps, chairman).—This subcommittee 
has approved the recommendations on 
which Committee C-8 based the actions 
on methods of test given earlier in this 
report. 

Section A on Load (L. J. Trostel, 
chairman) recommends that with hydrau- 
lic machines a uniform rate of loading 
continue to be used. It favors single- 
point loading for the present, but rec- 
ommends that the Research Subcom- 
mittee make a study of third-point 
loading. Reports from 22 laboratories 
showed hydraulic machines in use by 13 
and mechanical machines by 12; further 
study is desirable on correlation of the 

3 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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two methods and on ways of specifying 
rates of loading. 

Section B on Spalling (R. S. Bradley, 
chairman) was requested to look further 
into the question of spalling tests on spec- 
- imens less than 2} in. thick; also mortars 
for bedding brick, in the standard test. 

Section C on Temperature (J. L 
Carruthers, chairman) reports that 23 
companies, covering 29 plants and lab- 
oratories, are cooperating in the com- 
parative P.C.E. test. 

Section E on Chemical Analysis (H. 
A. Heiligman, chairman) is looking 
further into methods of determining loss 
on ignition of magnesite refractories 
containing lime. 

Section F on Tests for Refractory In- 
sulation (W. L. Stafford, chairman) has 
assembled data on rates of loading in 
modulus of rupture tests, but is with- 
holding recommendations until a similar 
study on crushing strength shall have 
been completed. 

Section I on Carbon Monoxide Disin- 
tegration (H. M. Kraner, chairman) has 
prepared a tentative method of test 
which is being published as information 
as an appendix to this report. 

Subcommittee VII on Specifications (J. 
D. Sullivan, chairman) concludes from 
an inquiry, to which 9 consumers of raw 
fire clay replied, that a comprehensive 
specification covering other uses for fire 
clay than as mortar for laying up fireclay 
brick is not warranted at present. 


tions: 


Tentative Revision of Standard Method for: 


Spalling Test for Fireclay 


of ASTM Standards, Part 3. 


EpitoRIAL NOTE 
Subsequent to the Annual Meeting, Committee C-8 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 


Basic Procedure in Panel Spalling Test for Refractory Brick (C 38 — 49), 

Panel Spalling Test for High Heat Duty Fireclay Brick (C 107 - 47), 

Panel me my | Test for Super Duty Fireclay Brick (C 122 - 47), and 
lastic Refractories (C 180 - 49). 

These recommendations were accepted by the Standards Committee on Janu- 


ary 19, 1951, and the tentative revisions appear in the 1950 Supplement to Book 


Subcommitiee XI on Special Refrac- 
tories (H. Wilson, chairman) has outlined 
its field of activity as those refractories 
which are not as yet classified or defined, 
or for which no other subcommittee has 
been recognized within Committee C-8. 
It therefore covers dolomite, forsterite, 
spinel, cordierite, crystalline alumina, 
various carbides, so-called “mullite”, 
diaspore and bauxite (unfused), zircon, 
and zirconia. Definitions and classifica- 
tions are being assembled for submission 
to Subcommittees VI and IX. 

Subcommittee XIV on Semi-Silica Brick 
(G. B. Remmey, chairman) has as- 
sembled samples for comparison by load 
test and P.C.E. test, with the expecta- 
tion that the results will throw light on 
the best method of classifying fireclay 
brick containing a high percentage of 
silica. 


This report has been subraitted to 
letter ballot of the committee, which 
consists of 38 members; 38 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 

we 

Chairman. 

R. S. BRADLEY, 

a? Vice-Chairman. 


W. R. Kerr, 
Secretary. 


R. B. SosMAn, 
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PROPOSED METHOD OF 


TEST FOR DISINTEG RATION OF 


APPENDIX 


FIRECLAY 


REFRACTORIES IN AN ATMOSPHERE OF CARBON MONOXIDE! 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope 


1. This method of test is intended 
to show the comparative behavior of 
fireclay refractories under the disinte- 
grating action of carbon monoxide. The 
test is intended to accelerate service 
conditions for the purpose of determining 
in a relatively short time the probable 
behavior of the materials in service. 


Apparatus 


2. The apparatus and equipment shall 
consist of the following: 

(a) Heated Chamber—The chamber 
shall be gastight and of a suitable size, 
made of stainless steel, brass, alumi- 
num, or unoxidized monel metal. A sug- 
gested size is 18 in. in diameter and 36 
in. long. The unit may be heated by 
resistance wire or other means, provided 
that at the temperature of operation the 
difference in temperature between any 
two points within the chamber shall not 
be greater than 20 F. The chamber may 
be provided with a thermocouple well 
and shall have a gas inlet and outlet, with 
a provision for gas sampling at the gas 
outlet. 

(b) Temperature Control Instrument.— 
The temperature of the test chamber 
shall be controlled and recorded by a 


1 This proposed method is under the jurisdiction of the 
A.S.T.M. Committee C-8 on Refractories. Published as 
information, June, 1950. 


accuracy. 

(c) Atmosphere Control.—The carbon 
monoxide shall be supplied from a tank 
of the gas, or manufactured by the con- 
version of carbon dioxide. The pressure 
from a tank supply shall be reduced by 
a regulator made for that purpose, and 
the flow of gas adjusted by means of a 
sensitive needle or regulating valve. A 
flow meter shall be used in the line as 
an aid for regulating the flow. When 
tank carbon monoxide is used, iron car- 
bonyl is present in the gas and may 
cause clogging of the inlet tube, in which 
case the carbonyl may be removed be- 
fore the gas enters the chamber. A 
soda-asbestos (Ascarite) tower in the 
inlet line will remove the carbonyl, but 
this should be preceded by a drying 
tower to prevent moisture from getting 
into the soda-asbestos. 

(d) Carbon Dioxide Absorbent.—A suf- 
ficient quantity of burned lime or CaO 
(Note 1) shall be placed in the furnace 
or in the circulating system of the carbon 
monoxide to absorb the carbon dioxide 
as it is produced. A commercial CO, 
absorbent (Cardoxide) (Note 2) can be 
used outside the test chamber for the 
— of CO, from the circulating 
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Note 1.—Five pounds of CaO theoretically 
will absorb the carbon dioxide from a gas mix- 
ture containing 1 per cent CO, flowing at the 
rate of 0.5 cu. ft. per hr. for 7000 hr. 

Note 2.—This granular material, probably 
Ca(OH), is very efficient but does have the dis- 
advantage that it gives off water vapor which 
must be taken out of the circulating gas with a 
CaCl, tower. 


(e) Furnace Pressure Control.—The 
unit shall be equipped with a bubbling 
bottle or sensitive gage as a means to 
control the pressure of the exhaust gas. 
A positive pressure shall be maintained 
throughout the test. 

(f) Gas Analyzer.—A conventional Or- 
sat gas analyzer shall be used for periodic 
determinations of the carbon dioxide 
content of the exhaust gas. 


Test Specimens 


3. (a) The size of the specimen shall 
be 43 by 43 by 23 (or 3) in., 3 by 3 by 
4% in., a standard 9-in. straight brick 
(either 23 or 3 in. thick), or a 9-in. soap 
brick. 

(6) If a specimen is cut from a shape, 
it shall be cut so as many original sur- 
faces as possible remain intact. 

(c) The weight, dimensions, color, 
and iron spots of each specimen shall be 
noted before testing. 


Procedure 


4. (a) The heating chamber contain- 
ing the dried specimens shall be brought 
up to the operating temperature of 
between 925 and 940 F. without the 
carbon monoxide atmosphere. After the 
specimens have attained test tempera- 
ture, the atmosphere of the chamber 
shall be changed so that it shall contain 
at least 95 per cent CO. 


Nore.—This may be done in one of the fol- 
lowing ways: A vacuum pump may be used to 
evacuate the air from the chamber to a pressure 
of about 100 mm. of mercury. Carbon monoxide 
gas is then introduced and the evacuation proc- 
ess repeated three times. The test shall be timed 
from the last evacuation. A second method con- 
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sists of flushing the air from the system with 
nitrogen, after which the nitrogen should be 
flushed from the system with a fast flow of car- 
bon monoxide. 


(6) After the flow of carbon monoxide 
has been started, it shall be regulated to 
a flow of not less than 2 cu. in. of carbon 
monoxide per hour per cubic inch of 
specimen volume. Orsat analyses should 
be taken at least twice a day and the 
carbon monoxide content of the exit 
gas shall be maintained above 95 per 
cent. If a recirculating system is used, 
the carbon monoxide flow may be greater. 

(c) The specimens shall be inspected 
at the end of some prescribed period or 
periods. Before each inspection a fast 
flow of nitrogen shall be passed through 
the furnace to flush out the carbon 
monoxide. After the carbon monoxide 
is removed, a slow flow of nitrogen shall 
be maintained during cooling. If half the 
specimens in any one sample show com- 
plete disintegration at the end of any 
test period, the test for that sample may 
be considered complete. | 
Report 

5. (a) The condition of each specimen 
shall be recorded at each inspection and 
any chipping, spalling, cracking, or dis- 
integration noted. Dimensions, weights, 
and spotting shall be recorded also. 

(6) The following classifications shall 
be used: 

(1) Unaffected (if no particles are 
spalled off and no cracking). 

(2) Slight disintegration (if speci- 
men has slight cracking or particles 
less than } in. in diameter are spalled 

off). 

(3) Partial disintegration (if speci- 
men shows considerable cracking or 
particles larger than } in. in diameter 
are spalled off). 

(4) Complete disintegration (if 
specimen is broken into more than 
four large pieces). 


| 
| 
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Committee C-9 on Concrete and Con- 
crete Aggregates has been active 
throughout the year. Three meetings 
were held: on June 30, 1949, during the 
Annual Meeting of the Society in At- 
lantic City, N. J.; on October 13, 1949, in 
San Francisco, Calif., during the Pacific 
Coast meeting of the Society; and on 
March 1, 1950, in Pittsburgh, Pa., during 
the Spring Group Meetings of the So- 
ciety. In spite of these evidences of ac- 
tivity, the committee has no recom- 
mendations to offer with respect to new 
standards or revisions in existing 
standards. 

On December 19, 1949, the committee 
suffered the loss, through death, of Harry 
D. Jumper, a long-time and valued mem- 
ber. Mr. Jumper was first an individual 
member and later a representative of the 
Consolidated Rock Products Co. of Los 
Angeles, where he was Chief Engineer. 

In accordance with provisions of the 
committee’s regulations, H. S. Matti- 
more was elected an honorary member of 
Committee C-9. Mr. Mattimore has par- 
ticipated actively in the affairs of the 
committee since 1918. 

Even though the committee has no 
recommendations to offer, it should be of 
interest to refer to some of the activities 
under way. Its work is carried out in 
three groups of subcommittees: Group I, 
covering Administration; Group IT deal- 
ing with Research; and Group III in 
charge of the preparation of Specifica- 
tions and Test Methods. 


1 Presented at the Fifty-third Annual Meeting of the 
Society, Jun€ 26-30, 1950. 


ON 
CONCRETE AND CONCRETE AGGREGATES! 


SUBCOMMITTEE ACTIVITIES 


Group I, Administration—Group I 
subcommittees are under the jurisdiction 
of Fred Hubbard, vice-chairman of the 
committee. The subcommittees cover 
Finance, Papers and Symposia, Sanford 
E. Thompson Award, Editorial and Defi- 
nitions, and Membership. The Commit- 
tee on Papers and Symposia, under the 
chairmanship of C. W. Allen, has been of 
assistance to the Administrative Com- 
mittee on Papers and Publications in the 
formulation of program items dealing 
with concrete and concrete aggregates. 
The Subcommittee on Editorial and 
Definitions, under the chairmanship of 
L. W. T eller, has under way an exhaus- 
tivé editorial review of existing A.S.T.M. 
standards. The Sanford E. Thompson 
Award Committee conducted a careful 
review of papers eligible for the award 
but decided to make no recommendations 
this year. 

Group II on Research is under the 
chairmanship of A. T. Goldbeck. The 
objective of Group II subcommittees is 
to conduct and stimulate research per- 
taining to concrete and concrete aggre- 
gates. For the purpose of orderly proce- 
dure, this work is conducted under the 
jurisdiction of the following subcommit- 
tees: 

Subcommittee II-a on Evaluation of 
Data with Horace A. Pratt as chairman 
deals with the application of statistical 
analysis to research data and is con- 
cerned, for illustration, with such prob- 
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lems as the needed frequency of testing 
to obtain truly indicative results. 

Subcommittee IT-b on Chemical Reac- 
tion of Aggregates in Concrete (W. C. 
Hanna, chairman).—Subcommittee II-b 
is concerned with the fact that the aggre- 
gates as well as the cement sometimes 
undergo chemical reactions within the 
concrete, which may be beneficial in that 
they may increase the strength or may be 
detrimental in causing undue expansion 
and pattern cracking in concrete. The 
committee thus far has drawn from the 
experience of a large number of investiga- 
tions in the laboratory and in the field; 
through discussions within the group it is 
hoped that light will be thrown on these 
phenomena which eventually may lead 
to a series of investigations to obtain 
special data where a lack of needed in- 
formation exists. 

Subcommittee II-c on Elasticity and 
Volume Changes of Concrete (R. E. 
Davis, chairman).—The development of 
tests for modulus of elasticity, Poisson’s 
ratio, and similar values needed for 
design purposes is the work of this sub- 
committee. Air entrainment, the use of 
admixtures, the pre-stressing of steel, all 
would seem to make investigations in this 
field increasingly desirable since new 
elastic values are undoubtedly produced. 
Volume changes and plastic flow are also 
properly a part of the work of this com- 
mittee. 

Subcommittee II-d on Durability of 
Concrete (C. H. Scholer, chairman).— 
This subcommittee is dealing with highly 
important problems the solution of which 
may lead to greatly increased durability 
of concrete structures. Some of the ques- 
tions which should be answered are: 

1. What is the mechanism which 
causes the failure of portland-cement 
concrete under normal outdoor exposure 


2. What ehaanetadbithen of the cement 
and aggregate, physical and chemical, 
affect resistance to weathering? 

3. What are the effects of construction 
practices, handling, placing, finishing and 
curing upon concrete durability? 

4. What are the chemical and physical 
reactions which cause concrete failure 
with certain cement-aggregate combi- 
nations? 

It is important that tests for all types 
of durability be developed. 

Subcommittee [I-e on Dynamic Test- 
ing of Concrete (Harold Sweet, chair- 
man).—This subcommittee is continu- 
ously seeking to improve this very 
interesting and valuable method for 
measuring the modulus of elasticity of 
concrete by dynamic methods which may 
be used to trace the failure of concrete 
during durability tests without actually 
destroying the specimen, thus permitting 
the test to continue. Already adaptations 
of this general method are leading to the 
testing of structures in place, and its 
application to the determination of the 
extent of cracking and of concrete dete- 
rioration is rapidly being developed. 

Subcommittee II-f on Aggregate Min- 
eralogical Characteristics as Related to 
Concrete (D. O. Woolf, chairman).—This 
subcommittee is making rapid progress in 
its work of writing descriptions of rock 
in terms acceptable to engineers. The 
committee is preparing descriptions of 
rocks commonly used in construction 
with a view of informing the engineer of 
the composition and physical character- 
istics of each material. In many cases 
these descriptions will be sufficiently 
complete to enable the engineer to iden- 
tify the rock without the use of petro- 
graphic methods. 

Many problems have been discussed 
by the Group II committees during the 
past year, and it is hoped that work on 


these problems may be undertaken as 
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time permits. The following are typical 
problems for research: 


1. Particle shape and its effect on concrete. 


2. Development of a wearing test for con- 


crete. 
3. Effect of air-entraining agents on concrete 
(this is intended to include something 
more than their air-entraining effects). 
4. Study of effect of gradation of aggregates 
on concrete. 
(a) effect of changes in gradation of say 
+ 0.2 in fineness modulus. 
(b) effect of maximum density versus 
other gradations. 
 (c) how serious are fluctuations in gra- 
dation? 
(d) study of tolerance material in sepa- 
rated sizes. 
5. Study of characteristics of aggregates on 
the durability performance of concrete. 
(a) thermal characteristics. 
(b) percentage of saturation. 
(c) surface characteristics (roughness, 
coatings, etc.) 
(d) diffusivity. 
6. Study of sampling. 


Group III on Specifications and Test 
Methods.—Twelve subcommittees com- 
prise Group III of Committee C-9 on 
Concrete and Concrete Aggregates. All of 
these subcommittees are concerned with 
specifications or methods of tests for 
which standards or tentatives have been 
developed and are in use. Collectively, 
they have jurisdiction over 37 standards 
and tentatives. Each engages in studies 
of all matters within its field of activity, 
recommends revisions in existing stand- 
ards and proposes new standards within 
its field. They are under the general 
chairmanship of R. R. Litehiser. 

The field of activity of each of the 
twelve subcommittees is in general indi- 
cated by its title. However, each sub- 
committee conducts its work within a 
rather broadly defined scope. A list of the 
subcommittees and something about 
their current activity follows: 

Subcommittee III-a on Methods of 
Testing Concrete for Strength (A. G. 
Timms, chairman) is responsible for six 


standards. Its activity 
is in keeping these standards up to date. 
Last year the Standard Method of Mak- 
ing and Curing Concrete Compression 
and Flexure Test Specimens in the Field 
(C 31-49) was revised. 

Subcommittee III-b on Methods of 
Testing Volume Changes of Concrete 
(C. P. Siess, chairman) is presently en- 
gaged in extensive revision of the one 
standard under its jurisdiction, Standard 
Method of Test for Volume Change of 
Cement Mortar and Concrete (C 
157 - 43). 

Subcommittee III-c on Methods of 
Testing Fresh Concrete (I. L. Tyler, 
chairman) has a particularly active 
schedule. It is currently engaged in 
studying revision of all six of the stand- 
ards for which it is responsible. Its work 
last year culminated in the Tentative 
Method of Test for Air Content of 
Freshly Mixed Concrete by the Pressure 
Method (C 231 - 49 T). 

Subcommittee ITI-d on Specifications 
for Concrete Aggregates (H. F. Clemmer, 
chairman).—Its work last year resulted 
in the revision of the one standard over 
which it has jurisdiction, Standard Speci- 
fications for Concrete Aggregates, (C 
33 - 49). 

Subcommittee III-e on Methods of 
Testing Concrete Aggregates for Physical 
Characteristics (C. W. Allen, chairman) 
is responsible for 14 of Committee C-9’s 
37 standards. While keeping its standards 
up to date alone is a sizable job, Sub- 
committee IIT-e developed a new tenta- 
tive last year, Tentative Method of Test 
for Soft Particles in Coarse Aggregate 
(C 235 - 49 T). 

Subcommittee III-f on Methods of 
Testing and Specifications for Light- 
weight Aggregates for Concrete (P. M. 
Woodworth, chairman) has one stand- 
ard, Standard Specifications for Light- 
weight Aggregates (C 130-42). Revi- 
sion of this standard in light of Corey 
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ments in its field constitutes the current 
work of this subcommittee. 

Subcommittee III-g on Methods of 
Testing and Specifications for Curing 
Compounds (C. E. Proudley, chairman) 
has jurisdiction over two standards. Its 
work last year resulted in the revision of 
the Tentative Specifications for Water- 
proof Paper for Curing Concrete, (C 
171-49 T). It is presently engaged in 
studies bearing on the revision of the Ten- 
tative Method of Test for Water Reten- 
tion Efficiency of Methods for Curing 
Concrete (C 156-44 T). 

Subcommitee III-h on Methods of 
Testing and Specifications for Admix- 
tures (Bryant Mather, chairman).—Its 
work last year resulted in a new tentative, 
Tentative Methods of Testing Air-En- 
training Admixtures (C 233 - 49 T). The 
subcommittee is currently engaged in 
revising this new tentative and in the 
preparation of Tentative Specifications 
for Air-Entraining Admixtures for Con- 
crete. It is also lending assistance to the 
Sponsoring Committee on Blended Ce- 
ments of Committee C-1 in the develop- 
ment of a Specification for Fly-Ash for 
use in concrete. 

Subcommittee III-i on Methods of 
Testing and Specifications for Ready- 
Mixed Concrete (M. N. Clair, chairman) 
has the job of keeping Standard Specifi- 
cations for Ready-Mixed Concrete (C 
94 - 48) up to date. 

Subcommittee III-j on Methods of 
Testing Concrete for Bleeding (W. H. 
Price, chairman) developed the one tenta- 
tive standard, for which it is responsible, 
last year, the Tentative Method of Test 
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for Bleeding of Concrete, (C 232 - 49 T). 
It is continuing its study in its field of 
activity. 

Subcommittee III-k on Methods of 
Testing Concrete for Bond (H. J. Gilkey, 
chairman) introduced a new tentative 
last year, the Tentative Method of Test 
for Comparing Concretes on the Basis of 
Bond Developed with Reinforcing Steel 
(C 234-49 T). Its current work is con- 
cerned in keeping the one tentative 
standard for which it is responsible up to 
date. 

Subcommittee III-l on Miscellaneous 
Tests of Hardened Concrete (H. F. 
Kriege, chairman) has two widely differ- 
ing standards under its jurisdiction. Its 
work last year resulted in the revision of 
the Standard Method of Measuring 
Length of Drilled Concrete Cores (C 
174-49). It is presently engaged in a 
study of the probable effect of reactive 
aggregates upon the Standard Method of 
Test for Cement Content of Hardened 
Portland-Cement Concrete (C 85 - 42). 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 94 voting members plus 6 honor- 
ary members having voting privileges; 93 
members returned their ballots, of whom 
91 have voted affirmatively and 0 nega- 
tively. 


Respectively submitted on behalf of 
the committee, 
K. B. Woops, 
Chairman. 


STANTON WALKER, 
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sien to the Annual Meeting, Committee C-9 presented to the Society 
oe the Administrative Committee on ‘Standards the following recommenda- 


New Tentative Specifications for: 
Air-Entraining Admixtures for Concrete (C 260 - 50 T). 
Revision of Tentative Methods of: 
Testing Air-Entraining Admixtures for Concrete (C 233 - 49 T). 
These recommendations were accepted by the Standards Committee on Sep- 


tember 26, 1950, and the new and revised tentatives appear in the 1950 Supple- 
ment to Book of ASTM Standards, Part 3. 
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Committee C-11 on Gypsum met on 
May 11 and 12, 1950, at the National 
Bureau of Standards, Washington, D. C. 
The committee now consists of 18 
members, of whom 9 are classified as 
producers, 3 as consumers and 6 as 
general interest members. 

The election of officers for the en- 
suing term of two years resulted in the 
election of the following: 

Chairman, L. S. Wells. 

Vice-Chairman, H. F. Gardner. 

Secretary, L. H. Yeager. 

The subcommittee structure of the 
committee has been reviewed and a 
reorganization was approved consisting 
of the following subcommittees: 

Subcommittee I on Plasters; and 

Subcommittee II on _ Structural 
Products. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


Committee C-11 recommends that 
the following revisions of standards be 
approved for reference to letter ballot of 
the Society for immediate adoption and 
accordingly asks for a nine-tenths af- 
firmative vote at the Annual Meeting: 

Standard Definitions of Terms Re- 
lating to Gypsum (C 11 - 48) 

Gypsum Concrete.—Change to read as 
follows: 

Gypsum Concrete.—A combination of aggre- 
gate or aggregates with calcined gypsum as a 
binding medium, which after mixing with water 


sets into a conglomerate mass. 
Gypsum Fiber Concrete—Gypsum concrete in 
1 Presented at the Fifty-third Annual Meeting of the 


Society, June-30, 1950. 1m 
2 1949 Book of A.S.T.M. Standards, Part 
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which the aggregate consists of shavings, fiber, 
or chips of wood. 

Gypsum Lath——Change to read as 
follows: 

Gypsum Lath.—A sheet or slab having an 
incombustible core, essentially gypsum, sur- 
faced with paper suitable to receive gypsum 
plaster. 

Perforated Gypsum Lath.—Delete since the 
present text is not a definition and is to be in- 
cluded in Standard Specifications for Gypsum 
Lath (C 37 - 50). 

Gypsum Molding Plaster —Change to 
read as follows: 

Gypsum Molding Plaster—A material con- 
sisting essentially of calcined gypsum for use in 
making interior embellishments, cornices, as 
gauging plaster, etc. 

Gypsum Pottery Plaster—Delete since 
the Standard Specifications for Gypsum 
Pottery Plaster (C 60-40) has been 
discontinued. 

Gypsum Partition Tile or Block.— 
Delete Notes 1 and 2. 

Gypsum Sheathing Board.—Change to 
read as follows: 

Gypsum Sheathing Board.—A sheet or slab 


having an incombustible core, essentially gyp- 
sum, surfaced with water-repellent paper. 


Gypsum W allboard.—Change to read as 
follows: 
Gypsum Wallboard.—A sheet or slab having an 


incombustible core, essentially gypsum, surfaced 
with paper suitable to receive decoration. 


Perforated Gypsum Lath.—Delete this 
reference to Perforated Gypsum Lath. 

Standard Specifications for Gypsum 
(C 22 -41)2 

Section 1 (b).—Change 
content from “64.5” to “70.0” per cent. 
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Standard Methods of Testing Gypsum 
and Gypsum Products (C 26 - 42):* 

Delete the following sections and 
renumber subsequent sections  ac- 
cordingly: 

Section 23-——Dry Bulk Procedure. 

Section 24.—Wet Bulk. 

Section 27 (a) and (b).—Tensile 
Strength, Apparatus. 

Section 28 (a) 
Specimen. 

Section 29.—Procedure. 

Section 30.—Report. 

Section 31—Add the following sen- 
tence: 


and (b).—Test 


Dry test specimens shall be placed in a desic- 
cator over anhydrous calcium chloride for 24 
hr., removed, and tested immediately. 


Section 33.—Delete the last sentence. 
Add the following two sentences: 


Where desirable to determine the tensile 
strength of neat plaster or any gypsum plaster 
mix, the apparatus described in Standard 
Method of Test for Tensile Strength of Hy- 
draulic-Cement Mortars, (A.S.T.M. Designa- 
tion: C190) shall be used. The method of 
handling test specimens shall be as described 
above under “Compressive Strength.” 


Section 41.—Change to read as follows: 


41. Two specimens, each 12 in. by approxi- 
mately 16 in. shall be cut from each board in 
the sample, one having the 16 in. dimension 
parallel to the fiber of the surfacing material and 
the other at right angles thereto. The specimens 
shall be weighed to within one gram and then 
stored at a temperature of 70 to 100F. in an 
atmosphere having a relative humidity of 25 
to 50 per cent. The specimens shall be weighed 
once a day until the weight has become con- 
stant to within 0.1 per cent. 


Section 42.—Change to read as follows: 


42. Each specimen shall be centrally sup- 
ported on fixed parallel bearings 14 in. on cen- 
ters and the load shall be applied on a similar 
bearing midway between the supports. All 
bearings and load surfaces shall be true, shail 
engage the full width of the test specimen and 
shall be rounded to a radius of $ in. The test load 
shall be applied at a uniform rate of 60 lb. per 
min. with a permissible variation of plus or 
minus 10 per cent in the rate. 
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43. The average breaking load of the speci- 
mens cut from the board in each direction shall 
be computed, and the results of the flexural 
strength tests shall be reported for the load 
applied across the fiber and the load applied 
parallel to the fiber of the surfacing. 


Standard Specifications for Gypsum 
Plasters (C 28 — 40) 

Section 1.—Change the term “Gypsum 
ready-sanded plaster” to “Gypsum 


ready-mixed plaster” and the term ‘“Cal- 
cined gypsum for finishing coat” to 
“Gypsum gauging plaster for finish 
coat”, 

Section 2.—Change to read as follows: _ 


The calcined gypsum plaster in these speci- 
fications shall have a purity of not less than 
66.0 per cent by weight of CaSO,-}H,0. 


Section 3.—Change the heading from 
“Gypsum Ready-Sanded Plaster” to 
“Gypsum Ready-Mixed Plaster.” 
Change Section 3 to read as follows: 


Gypsum ready-mixed plaster is calcined 
gypsum plaster, mixed at the mill with mineral 
aggregate and other ingredients to control work- 
ing quality and setting time. 


Section 4.—Change to read as follows: 


4. Gypsum ready-mixed plaster shall con- 
tain not more than 3 cu. ft. of mineral aggregate 
per 100 lb. of calcined gypsum plaster to which 
may be added fiber and material to control 
working quality and setting time. However, 
when prepared for application to porous masonry 
bases it may contain not more than 4 cu. ft. of 
mineral aggregate per 100 lb. of calcined gypsum 
plaster. 


Section 5.—Change to read as follows: 


Gypsum ready-mixed plaster shall have a 
time of set of not less than 13 nor more than 8 
hrs. 


Seclion 6.—Change the heading from | 
“Tensile Strength” to 
Strength” and revise to read as follows: 


6. Gypsum ready-mixed plaster when dry 
shall have a compressive strength of not less 
than 400 psi. However, this strength require- 
ment does not pertain to plasters prepared for 
application to porous masonry bases. 


“Compressive _ 
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Section 7.—Change to read as follows: 


Gypsum neat plaster is calcined gypsum 
plaster mixed at the mill with other ingredients 
to control working quality and setting time. 
Neat plaster may be fibered or unfibered. The 
addition of aggregate is required on the job. 


Section 8.—Change to read as follows: 


Gypsum neat plaster shall contain not less 
than 66.0 per cent by weight of CaSO,-$H.0. 


Section 10.—Change title from “Ten- 
sile Strength” to ‘Compressive 
Strength” and revise to read as follows: 

10. Gypsum neat plaster as tested with two 


parts of standard Ottawa sand shall have a 
compressive strength of not less than 750 psi. 


Section 12.—Change to read as follows: 


, nts, 12. Gypsum wood fiber plaster shall contain 


not less than 66.0 per cent by weight of CaSO,- 
4H.O and not less than 1.0 per cent by weight 
of wood fiber made from a non-staining wood. 


Section 13.—Change to read as follows: 


13. Gypsum wood fibered plaster shall set in 
not less than 14 nor more than 16 hr. 


Section 14.—Change title from ‘Ten- 
sile Strength” to “Compressive 
Strength” and revise to read as follows: 


14. Gypsum wood-fibered plaster when dry 
shall have a compressive strength of not less 
that 1200 psi. 


Section 15.—Change the main heading 
from ‘“Calcined Gypsum For Finishing 
Coat” to “Gypsum Gauging Plaster For 
Finish Coat.’’ Change Section 15 to read 
as follows: 

15. Gypsum gauging plaster is prepared for 
mixing with lime putty for the finish coat. It 


may contain materials to control setting time 
and working quality. 


Section 16.—Replace with the follow- 
ing and renumber subsequent sections 
accordingly: 

16. Composition Gypsum gauging plaster 
for finish coat shall contain not less than 66.0 
per cent CaSO,-}H,O by weight. 
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17. Fineness—Gypsum gauging plaster for 
finish coat shall all pass a No. 14 mesh (1410- 
micron) sieve and not less than 60 per cent 
shall pass a No. 100 (149-micron) sieve. 


Section 18. —Change to read as follows: 


“18. Time of Setting. —Gypsum gauging plaster 
for the finish coat.... 

Section 19.—Change the title from 
“Tensile Strength” to “Compressive 
Strength” and revise to read as follows: 


19. Gypsum gauging plaster for finish coat 
shall have a compressive strength of not less 
than 1200 psi. 


Standard Specifications for Gypsum 
Wallboard (C 36-42):* 

Section 2.—Change the first two 
lines of Section 2 to read: “Gypsum 
wallboard shall consist of an incom- 
bustible core, essentially gypsum, 
with ....” 

Section 4.—Change to read as follows: 


4. At least 0.25 per cent of the number of 
gypsum wallboards in a shipment, but not less 
than one board, shall be so selected as to be 
representative of the shipment, and shall con- 
stitute a sample for purpose of tests. When a 
shipment consists of more than one car or carrier 
load, a sample shall be taken from each car or 
carrier. 


Section 5 (a).—Change second sentence 
to read as follows: 

5(a). Edges of ? in. and 4 in. board may be 
plain or recessed to receive a joint reinforcing 


strip; if recessed the depression shall not be less 
than 0.020 in. nor more than 0.045 in. 


Section 5 (b).—Delete “36 in.” 
Section 5 (d)—Change maximum 
weights to read as follows: 


Thickness, Weight Per 1000 Sq. ft., Lb. 
in. Min. Max. 
900 1300 

1800 2500 


Section 6.—Change Notes 1 and 2 to 
read as follows: 


Note 1.—Gypsum wallboard in thicknesses 
of 2 in. and } in. is available with square edges, 
recessed edges, and bevelled edges. 

Nore 2.—Gypsum Wallboard is available 
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with: 


(a) The back surface covered with aluminum 
foil or other heat reflecting type of insulation. 
(b) Pre-decorated face surface. 


Standard Spect fications for Gypsum 
Lath (C 37 

Section 2.—Change first two lines to 
read: “2. Gypsum lath shall consist of 
an incombustible core, essentially gyp- 
sum with... .” 

Section 3.—Delete all references to } in. 
and ;5 in. lath in table. 

Section 4.—Change to read as follows: 

4. At least 0.25 per cent of the number of 
gypsum lath in a shipment, but not less than 
ten lath, shall be so selected as to be representa- 
tive of the shipment, and shall constitute a 
sample for purpose of tests. When a shipment 
consists of more than one car or carrier load, a 
sample shall be taken from each car or carrier. 


Section 5(a).—Delete reference to } in 
and 3°5 in. thickness. 

Section 5(b) -—Change to read as 
follows: 

Width.—The nominal width of gypsum lath 
shall be 16 in., 163 in., 24 in. or 32 in. with per- 


missible variations of 3°; in. under and } in 
over specified width. 


Section 5(c).—Add the following sen- 
tence: “Lengths up to 12 ft. are avail- 
able.” 


Section 5(d).—Change tabulation to 
read as follows: 


Thickness, Weight Per 1000 sq. ft., lb. 
in. Min. Max. 
1350 1800 


New Section 5(e)—Add a new para- 
graph to read as follows: 

(e) Perforated Gypsum Lath.—Perforated 
gypsum lath shall meet the requirements of 
plain gypsum lath except that it shall have 
perforations not less than in. in diameter with 


me perforation for not more than 16 sq. in. of 
ath. 


Section 6.—In the Note at the end of 


the section change “one surface” to 
read “back surface”. 


Standard Specifications for Gypsum 
Molding Plaster (C 59 — 40) :* 
Section I1.—Change to read as follows: 


= 


ON 


These specifications cover gypsum molding 
plaster, a material consisting essentially of cal- 
cined gypsum, for use in making interior em- 
bellishments, cornices, as gauging plaster, etc. 


Section 2.—Change to read as follows: 


Gypsum molding plaster shall contain not 
less than 80 per cent CaSO,-$H,0. 


Section 4.—Change title from ‘Ten- 
sile Strength” to ‘Compressive 
Strength” and revise to read as follows: 

Gypsum molding plaster shall have a com- 
pressive strength of not less than 1800 psi. 

Standard Specifications for Keene's 
Cement (C 61 40)" 

Section 1.—Insert the following sen- 
tence between the second and third 
sentences in the note as follows “It 
is generally available as quick setting 
and standard setting Keene’s Cement.” 

Section 2.—Change to read as follows: 

2. Keene’s Cement shall set in not less than 
20 min. nor more than 6 hr. 

Section 3.—Change title from ‘‘Ten- 
sile Strength” to ‘Compressive 
Strength” and revise to read as follows: 

3. Keene’s Cement shall have a compressive 
strength of not less than 2500 psi. 

Section 8.—In line 9, change “tensile” 
to read “compressive”. In line 11, 
change “Section 15” to read ‘Section 
a". 


Standard Specifications for Gypsum 
Sheathing Board (C 79 — 42).* 
Change Section 2 to read as follows: 


2. Gypsum sheathing board shall consist of 
an incombustible core, essentially gypsum, with 
or without fiber, but not exceeding 15 per cent 
of fiber by weight, and surfaced with water 
repellent paper firmly bonded to the core. 


Change Section 4 to read as follows: 


4. At least 0.25 per cent of the number of 
gypsum sheathing boards in a shipment, but 
not less than one board, shall be so selected as 
to be representative of the shipment, and shall 
constitute a sample for purposes of tests. When 
a shipment consists of more than one car or 
carrier load, a sample shall be taken from each 
car or Carrier. 
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Report or Co 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.‘ 

This report has been submitted to 
letter ballot of the committee which 


4 The letter ballot vote on these recommendations was 
favorable; the vote is on record at ASTM Headquarters. 


MMITTEE C-11 


consists of 17 members; 17 members 
returned their ballots, of whom 17 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
ra L. S. WELLs, 
Chairman. 
L. H. YEAGER, 
Secretary. 
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Committee C-14 on Glass and Glass 
Products held two meetings during the 
past year: at Shawnee-on-the-Delaware, 
Pa., October 6, 1949, and at New York 
City, April 26, 1950. 

The following officers were elected for 
the ensuing term of two years: 

Chairman, Leonard Ghering. 
Vice-Chairman, Lee Devol. 
Secretary, F. V. Tooley. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee C-14 presented to the 
Society through the Administrative 
Committee on Standards the following 


recommendations: 


New Tentative Method of: any 

Sampling Glass Containers (C 224-49 T), and 

Test for Resistance of Glass Containers to 
Chemical Attack (C 225-49 T). 

Revision of Tentative Definition of: 


Terms Relating to Glass and Glass Products 
(C 162 - 49 T). 


These recommendations were accepted 
by the Standards Committee on July 27, 
1949, and the new and revised tentatives 
appear in the 1949 Book of A.S.T.M. 
Standards, Part 3. 

On March 1, 1950, the Administrative 
Committee on Standards accepted the 
recommendation of Committee C-14 that 
the Methods of Sampling and Testing 
Structural Non-load-Bearing Cellular 
Glass Blocks be published as tentative. 


_ 1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
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The new tentative methods will appear 
in the 1950 Supplement to Book of 
A.S.T.M. Standards, Part 3, bearing the 
designation C 240-50 T. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends revisions 
for immediate adoption of three stand- 
ards, as appended hereto,” and accord- 
ingly asks for a nine-tenths affirmative 
vote at the Annual Meeting in order that 
the recommendations may be referred to 
letter ballot of the Society: 

Standard Method for Hydrostatic Pres- 
sure Test on Glass Containers (C 147 - 43), 

Standard Method of Polariscopic Exam- 
ination of Glass Containers (C 148 — 43), 
and 

Standard Method of Thermal Shock Test 
on Glass Containers (C 149 —- 43). 


Subcommittee I on Nomenclature and 
Definition (H. H. Holscher, chairman). — 
A proposed revision of the term “safety 
glass” in the Glass Glossary was ap- 
proved by Committee C-14 during the 
year. Following a letter ballot within 
Subcommittee VIII on Flat Glass by 
which the members expressed the opinion 
that the revised definition of the term 
“safety glass” should be made consistent 
with the latest revision of the Federal 
Specification DD-G-451, an editorial 
change in the proposed revision was ac- 
cepted and will appear in the 1950 Sup- 


2 The revised methods were approved by the Society 
and gel in the 1950 Supplement to the 1949 Book of 
ASTM Standards, Part 3. 
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plement to the Book of A.S.T.M. Stand- 
ards, Part 3. 

Subcommittee II on Chemical Analysis 
(F. W. Glaze, chairman)—The com- 
mittee has under consideration tenta- 
tively a new procedure for the routine 
determination of boric oxide in glass. A 
number of other suggestions for projects 
have been received as a result of a poll 
of the committee and these will be given 
careful consideration by the committee. 

Subcommitiee III on Chemical Prop- 
erties (J. F. Green, chairman).—Recent 
projects arising in this committee have 
fallen more logically into the scope of 
Subcommittee VII on Glass Containers 
and have been therefore referred to this 
committee. Because of the importance 
of water purity in chemical durability 
testing, Subcommittee III has estab- 
lished representation of Committee D-19 
on Industrial water. 

Subcommittee IV on Physical and Me- 
chanical Properties (J. R. Littleton, chair- 
man) has under consideration the 
possibility of standard procedures for 
softening, strain, and annealing point 
measurements. 

Subcommittee VI on Glass Construction 
Block and Tile (A. H. Baker, chairman). 
—Tentative Methods of Sampling and 
Testing Structural Non-Load-Bearing 
Cellular Glass Blocks (C 240 - 50 T) was 
approved by the Administrative Com- 
mittee on Standards, March 1, 1950. 

Subcommittee VIT on Glass Containers 
(K. C. Lyon, chairman)—Revisions of 
three standards, namely, C 147, C 148, 
and C 149 were submitted to the main 
committee for letter ballot, and approved 
for immediate adoption. 

The Administrative Committee on 
Standards has approved during the year 
the Tentative Method of Sampling Glass 
Containers (C 224-49 T). 
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Subcommitiee VII A on Pharmaceutical 
Containers (F.C. Flint, chairman)—The 
Administrative Committee on Standards 
approved during the year Tentative 
Methods of Test for Resistance of 
Glass Containers to Chemical Attack 
(C 225-49 T). The Administrative Com- 
mittee on Standards recommended the 
consolidation of the three original test 
methods into one A.S.T.M. tentative. 
Subcommittee VIII on Flat Glass (D. 
E. Sharp, chairman).—(Refer to the Sub- 
committee I report for some of the action 
of Subcommittee VIII during the year.) 
J. D. Ryan, C-14 representative on ASA 
Sectional Committee Z-2, reported dur- 
ing the year on the status of that com- 
mittee’s work on a test method for de- 
termining the abrasion resistance of 
plastics and safety glass. Mr. Sharp urged 
consideration of Mr. Ryan’s proposal 
that the method, as related to glass, de- 
veloped in Z-26 be studied for possible 
adoption by Committee C-14. Com- 
mittee C-14 voted to create a new section 
of Subcommittee VIII for the purpose of 
studying the Z-26 method. C. H. Hahner 
was appointed by Mr. Sharp to head 
this special committee for conducting the 
necessary study. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 50 voting members; 29 mem- 
bers returned their ballots, of whom 27 
have voted affirmatively and 0 nega- 

~ 

Respectfully submitted on behalf of 
the committee, 


W.. Trtotson, 
Chairman. 
af 
F. V. 
Secretary. 
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MANUFACTURED MASONRY UNITS! 


Committee C-15 on Manufactured 
Masonry Units held two meetings during 
the past year: one meeting on June 28, 
1949, at Atlantic City, N. J., in conjunc- 
tion with the Annual Meeting of the 
Society, and a joint meeting with Com- 
mittees C-7 and C-12 on October 13 in 
San Francisco, Calif. 

The subcommittees of Committee C-15 
have been quite active during the past 
year and have reviewed all tentatives and 
standards under their jurisdiction. With 
the exception of the following recom- 
mended changes, the subcommittees 
have recommended, and Committee C-15 
concurs, that the existing tentatives and 
standards be continued without change. 

The election of officers for the ensuing 
term resulted in the selection of the fol- 
lowing: 

Chairman, J. W. Whittemore. 
First Vice-Chairman, Theodore I. 
Coe. 
Second Vice-Chairman 
Woodworth. 
Secretary, M. H. Allen. 


RECOMMENDATIONS ACCEPTED BY THE 
COMMITTEE ON 


STANDARDS 
Subsequent to the 1949 Annual Meet- 
ing, Committee C-15 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


1 Presented at © al third Annual Meeting of the 
Society, June 26-30, 


2 1949 Book of A. S oT. M. Standards, Part 3. ae 
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Revision of Tentative Specifications for: oo 
Structural Clay Facing Tile (C 212 - 48 T). 


Tentative Revision of Standard Specifications for: 


Structural Clay Floor Tile (C 57-39), and 
Structural Clay Non-Load-Bearing Tile (C 56- 
41). 


These recommendations were accepted 
by the Standards Committee on Septem- 
ber 22, 1949, and the revised tentative 
and tentative revisions appear in the 
1949 Book of A.S.T.M. Standards, 
Part 3. 


ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that the 
Tentative Specifications for Facing Brick 
(C 216 — 48 T)? be approved for reference 
to letter ballot of the Society for adop- 
tion as standard. 


ADOPTION OF TENTATIVE REVISIONS AS 
STANDARD 


The committee recommends that the 
tentative revisions*’ of the following 
standards be adopted as standard: 


Standard Specifications for: 


Building Brick (Made from Clay or Shale) 
(C 62-49), pertaining to Sections 2, 3 (a), 
3 (b), and 4 (a). 

Sewer Brick (Made from Clay or Shale) (C 32 - 
42), pertaining to Section 3 (a) and Table I. 

Structural Clay Load-Bearing Wall Tile (C 34- 
49), pertaining to Section 6 (6) and Table I. 

Structural Clay Non-Load-Bearing Tile (C 56- 
49), pertaining to Section 6 (6) and the table 
in Section 2. 
Published with the in the 1949 

Book of A.S.T.M. Standards, 


REPORT OF COMMITTEE C-15 | 
) 
: 
§ 4, 
f 
a 
‘ 
- 
e * 
» 
\- 
yf 
d 
‘ 
n- 
»7 
a- 
of 
mn. 


Report OF COMMITTEE C-15 


Structural Clay Floor Tile (C 57 —- 49), pertain- 
ing to Section 6 (6) and Table I. 


Methods of: 


Sampling and Testing Brick (C 67-44), per- 
taining to Sections 3, 4, 10 (c), 11 (d), and 
new Sections 36 to 42 inclusive. 


Definition of Terms Relating to: 


Structural Clay Tile (C 43-49), pertaining 
to the Note under Plaster Base Finish and 
Footnote 3. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 


which will be reported at the Annual 
Meeting. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 59 members; 43 members have 
returned their ballots, of whom 42 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


J. W. WHITTEMORE, 
Chairman. 


Harry C. PLUMMER, 
Acting Secretary. 


A ware 
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Subsequent to the Annual Meeting, Committee C-15 presented to the Society 


Reviion of Tentative Specifications for: 


Stsuctural Clay Facing Tile (C and 
Grazed Masonry Units (C 126 - 44 T 


Tenlative Revision of Standard S sell for: 


Céoncrete Building Brick (C 55 - 37), 
Structural Clay Floor Tile (C 57 - 49), 


Hollow Load-Bearin ng Concrete Masonry Units (C 90 - 44), 


Structural Clay Loa 
Structural Clay Non-Load-Bearing Tile (C 56 - 


Bearing Wall Tile (C 34 - + 


Non-Load-Bearing Concrete Masonry Units (Cc 39), and 


id Load-Bearing Concrete Masonry Units (C 145 - 


Tentative Revision of Standard Methods of: 


a ; x Sampling and Testing Concrete Masonry Units (C 140 - 39). 


' - Revision and Reversion to Tentative of Standard Specifications for: 


Drain Tile (C 4-24). 


tember 26, 1950, and the new and revised tentatives together with the tentative _ 
revisions of the standards appear in the 1950 Supplement to Book of ASTM 


Standards, Part 3. 
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THERMAL INSULATING MATERIALS! 


Committee C-16 on Thermal Insulat- 
ing Materials and all of its subcom- 
mittees held two meetings during the 
past year. The first of these was the 
three-day fall meeting held at the 
Williamsburg Inn and Lodge, Williams- 
burg, Va., on September 28, 29, 30, 
1949. The second meeting was held at 
the William Penn Hotel in Pittsburgh, 
Pa., on February 27 and 28 in conjunc- 
tion with the spring group meeting of 
the Society. This second meeting was 
held on two days, which is according to 
the committee’s wishes of having a 
three-day fall meeting and a two-day 
spring meeting. However, the crowded 
schedule of a two-day meeting, which 
eliminates the committee’s dinner and 
the accompanying fellowship and which 
greatly decreases the amount of time 
for the members to discuss mutual 
problems, has brought forth many re- 
quests to return the spring meeting to 
the original three-day schedule. The 
committee, after a full discussion, unani- 
mously voted to return to the three-day 
spring meeting schedule. 

The committee, as of April 15, is 
composed of 3 consulting members, 
63 voting members and 17 non-voting 
members. The voting membership is 
composed of the following: 28 producers, 
22 consumers and 13 general interest 
members. During the past year several 
changes in membership of the committee 
have taken place due to resignations, but 
the committee has added 6 voting mem- 
bers and lost only 1 non-voting member. 

At the spring meeting, the election 


! Presented at the oe third Annual Meeting of the 
Society, June 26-30, 1950 


of officers for the ensuing term of two 
years resulted in the selection of the 
following: 
Chairman, E. R. Queer. 
1st Vice-Chairman, H. W. Greider. __ 
2nd Vice-Chairman, W. L. Scott. 
Secretary, R. P. Sturgis. 
Assistant Secretary, M. E. DeReus. _ 
Assistant Secretary for Membership, 
E. C. Shuman. 
Executive Committee Member at 
Large, A. B. Fisher. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


Committee C-16 recommends for im- 
mediate adoption the revised Standard 
Methods of Test for Thickness and 
Density of Blanket or Batt Type Ther- 
mal Insulating Materials, appended 
hereto?, and which is a revision of 
A.S.T.M. Designation C 167 - 44’ and ac- 
cordingly asks for a nine-tenths af- 
firmative vote at the Annual Meeting 
in order that these revisions may be 
referred to letter ballot of the Society. 

Committee C-16 further requests that 
the following definition be included in 
Standard Definition of Terms Relat- 
ing to Thermal Insulating Materials 
(C168 48) 33 

Blanket or batt Insulation.—A flexible or 
semi-flexible thermal insulation composed of 
felted or matted fibrous materials either organic 
or inorganic, which may contain binder or may 
be reinforced with confining media and suitably 
bound together. 

The recommendations appearing in 
this report have been submitted to let- 


2 This revised method was accepted by the Society and 
appears in the 1950 Supplement to ASTM Book of Stand- 
ards, Part 3. 
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ter ballot of the committee, the results 
of which will be reported at the Annual 
Meeting.‘ 


There has not been any change from 
previous reports in the scope of the 
work being undertaken by the various 
subcommittees. Changes in chairman- 
ship of some of the subcommittees have 
been made because of membership 
changes or because some of the subcom- 
mittee chairmen were assuming new re- 
sponsibilities in the committee. Listed 
are the subcommittees with their pres- 
ent chairman: 


Subcommittee: 


S-I on Block and Pipe Insulation, C. R. 
Hutchcroft, chairman, 

S-II on Structural Insulating Board, 
S. M. VanKirk, chairman, 


Babbitt, chairman, 

T-VII on Special Thermal Properties, 
G. M. Rapp, chairman, 

S-VII on Dimensional Standards, W. H. 
Zane, chairman, 

‘T-IX on Vapor Barriers for Insulation, 
R. H. Heilman, chairman, 

_ A-X on Significance of Test, 

Crepps, chairman, 

A-XI, Editorial, C. B. Bradley, chair- 


¥ S-III on Insulating Cement, J. E. 
ie Gaston, chairman, 
ia S-IV on Blanket Insulation, R. L. Davis, 
chairman, 
S-V on Loose Fill Insulation, P. L. 
Rogers, chairman 
gers, 
a T-VI on Thermal Conductivity, J. D. 


man. 
= A-XII on Membership, E. C. Shuman, 
Chairman. 
a _ This year concludes the first full year’s 


activities after the reorganization of 


Committee C-16. Some subcommittees 
have had their accomplishments re- 
tarded due to changes in subcommittee 

4 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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chairmen but several have test methods 
completed, which could have been in- 
cluded in this report if delays had not 
been encountered. The Executive Sub- 
committee through the vice-chairman is 
expediting the issuance of Methods of 
test and product specifications with 
emphasis being placed on methods of 
test. The Significance of Test statement, 
which for a while appeared to be a stum- 
bling block to the subcommittees, has 
not developed into the hurdle which it 
was first thought to be. The Planning 
Subcommittee, through its round-table 
discussions of problems facing the sub- 
committees, has been able to clarify 
and advise ways and means of eradicat- 
ing some of the most controversial! 
points. Most of these arise from striving 
for near perfection in standards which 
not only apparently slows up subcom- 
mittee action but also masks the visual 
evidence of the efforts being expended. 
This year should see many saccomplish- 
ments in test methods and the results 
of the reorganization should become 
more apparent. 

The effect of moisture on thermal 
conductivity has received increased in- 
terest recently, and a program is now 
being developed to enable testing t 
start as soon as possible. It is hopec 
that funds may be secured to financ 
this program so that testing equipmen 
may be placed in operation befor 
January 1, 1951. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 63 members; 60 members 
returned their ballots, of whom 48 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
a Ray THOMAS, 
Chairman 
W. L. Scorr, 
Secretary. 
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Meetings of Committee C-17 and its 
subcommittees were held in connection 
with the 1950 Annual Meeting on June 
29, 1950. At the meeting, David 
Wolochow, National Research Council of 
Canada and a member of Committee 
C-17, presented a most interesting talk 
on “The Production, Properties and Uses 
of Asbestos Fiber.” 


RECOMMENDATIONS ACCEPTED BY THE 


ADMINISTRATIVE COMMITTEE 


ON STANDARDS 


Subsequent to the 1949 Annual Meet- 


ing, Committee C-17 presented to the 


Society through the Administrative 
Committee on Standards the following 
recommendations: 


New Tentative Specifications for: 


Asbestos-Cement Flat Sheets (C 220-49 T), 
and 

Asbestos-Cement Corrugated Sheets (C 221 - 
49 T). 


These recommendations were accepted 
by the Standards Committee on July 27, 
1949. 

On September 22, 1949, the following 
recommendations were accepted by the 


Standards Committee: 
New Tentative Specifications for: 
Asbestos-Cement Roofing Shingles (C 222 - 


49 T), and 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
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Asbestos-Cement Siding Shingles and Clap- 
boards (C 223 - 49 T). 


The four new tentatives specifications 
appear in the 1949 Book of A.S.T.M. 
Standards, Part 3. Sections defining the 
significance of tests described in the speci- 
fications have been approved, subject to 
letter ballot of the committee, for sub- 
mission to the Society as revisions of the 
above tentative specifications. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Test 
(C. R. Hutchcroft, Chairman)—Work 
on test methods for asbestos-cement pres- 
sure pipe is almost complete. 

Subcommittee II on Specifications (M. 
V. Engelbach, Chairman)—This sub- 
committee is continuing its work of pre- 
paring specifications for asbestos-cement 
pressure pipe. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 32 voting members; 15 members 
returned their ballots, all of whom have — 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

HuBERT R. SNOKE, 


Chairman. 
C.C.KEetsEy, 
Secretary. 
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Committee C-18 on Natural Building 
Stones is reporting for a two-year 
period. The committee held meetings in 
Washington, D. C., on April 18, 1949, 
and on March 17, 1950, both of which 
were preceded by meetings of the sub- 
committees. In addition Subcomittee I, 
Advisory, met on October 27, 1948, and 
on February 1, 1950, also in Washington, 

The committee records with sorrow 
the death on June 14, 1949, of Ernest H. 
Nichols, Chief Engineer, The Funk- 
houser Co., a member of the Society 
for sixteen years and a member of the 
Subcommittees on Test Procedures and 
Specifications. 

The membership of Committee C-18 
now consists of 21 members, of whom 7 
are classified as producers, 7 as consumers, 
and 7 as general interest members. There 
are also 2 consulting members. 

An election of officers resulted in the 
re-election of the following: 
Chairman, L. W. Currier. 
Vice-Chairman, T.I.Coe. 
Secretary, F.S. Eaton. 

F. S. Eaton was appointed as repre- 
sentative of the Society on the ASA 
Sectional Committee A91 on Specifica- 
tions for Building Granite, to succeed 
D. W. Kessler, who has been named 
representative of the National Bureau 
of Standards on the same sectional com- 
mittee. F. S. Eaton was also named by 
Chairman Currier as representative of 
Committee C-18 on the Society’s Com- 
mittee E-7 on Non-Destructive Testing. 


1 Presented at the Fifty-third Annual Meeting of the 
Society, Jume 26-30, 1950. 


REPORT OF COMMITTEE C-18 


NATURAL BUILDING STONES! 


All standards under the jurisdiction of 
the committee have been reviewed and 
the committee presents recommendations 
as noted in the following paragraphs. 


RECOMMENDATIONS ACCEPTED BY 
THE ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee C-18 presented to the 
Society through the Administrative 
Committee on Standards, the proposed 
Tentative Method of Test for Abrasive 
Resistance of Stone Subjected to Foot 
Traffic (C 241-—50T). This recommen- 
dation was accepted by the Standards 
Committee on May 8, 1950, and the new 
tentative is appended to this report.? 

This method has had a long period of 
trial at the National Bureau of Stand- 
ards and elsewhere, for determining the 
wear resistance of walking surfaces of 
stone or other hard materials. This test 
is currently used by many government 
agencies in specifications. This test has 
already proven of value in avoiding such 
conditions of uneven wear as are evi- 
denced in the floor of the Union Station 
in Washington, D. C., where the red 
tiles are shown (by this test) to be three 


times as hard as the white. 
he 


The following tentative is recom- 
mended for advancement to standard, 
with certain changes which are consi- 
dered editorial in nature: 


ADOPTION OF TENTATIVE AS 
STANDARD 


2 The new method of test appears in a 1950 Supple 
ment to ASTM Book of S Fast 
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Tentative Definitions of Terms Relating 
to Natural Building Stone (C 119-48 
T)? 

Granite.—In the third sentence, change 
to read: “...spar molecule (Note 2), 
but 80,” deleting the words “at least”’. 
In Note 2, delete the entire third sen- 
tence. Also delete “However,” in the 
fourth sentence and designate this sen- 
tence as Note 3. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption this revision and ac- 
cordingly asks for a nine-tenths affirma- 
tive vote at the Annual Meeting in order 
that it may be referred to the Society 
for letter ballot: 

Standard Method of Test for Compres- 
sive Strength of Natural Building Stone 
(C 170 - 46): The test method requires 
consideration from the standpoint of lib- 
eralization of the shape of the specimens. 
It is sometimes impossible to prepare 
specimens of desired shape from samples 
available. The following changes are 
recommended: 

Section 4 (a).—In line 8 of Paragraph 
4 (a), change word “shall” to ‘“‘should.” 

Section 7 (b).—Change the introduc- 
tion to this paragraph to read as follows: 
“(6) When the ratio of height to di- 
ameter (or lateral dimension) differs from 
unity by 25 per cent or more, the result 
shall be calculated to that of the corre- 
sponding cube, as follows:” 


WITHDRAWAL OF STANDARDS 


The committee recommends the with- 
drawal of the following two standard 
methods of test because they are not 
serving a useful purpose today, such 
determinations now being seldom made 
and not appearing in present-day speci- 
fications. The committee wishes it clearly 
understood that the methods are not 
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being withdrawn due to any defect in 
procedure. 
Standard Method of Test for Modulus 


of Elasticity of Natural Building Stone 


(C 100 — 36),* and = 
Standard Method of Shear Testing of 
Natural Building Stone (C 102 - 36). 


STANDARDS CONTINUED WITHOUT 
REVISION 


Committee C-18 recommends that 
the following standards be continued 
as standard, without revision: 


Standard Method of: 
Tests for Absorption and Bulk Specific Gravity 

of Natural Building Stone (C 97 — 47), 
Flexure Testing of Slate (Modulus of Rupture, 

Modulus of Elasticity) (C 120-48), 

Test for Water Absorption of Slate (C 121-48), 
and 
Test for Modulus of Rupture of Natural Building 

Stone (C 99 - 47), 

Method C 99-47 requires amend- 
ment to permit using other sizes of test 
specimens than that at present specified. 
It was proposed to modify Section 4 
covering test specimens to lend written 
authority to what has long been labor- 
atory practice. In the meantime, the 
committee reaffirms this test method in 
its present status, without change. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


Committee C-18 recommends that the 
following tentatives be continued in 
their present status without revision: 


Tentative Method of: 


Test for Durability of Slate for Roofing (C 217 - _ 


48 T), and 

Test for Combined Effect of Temperature 
Cycles and Weak Salt Solutions on Natural 
Building Stone (C 218 - 48 T). 


The recommendations appearing in 
this report have been approved by letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.‘ 


4 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at 
Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Nomenclature and 
Definitions (L. W. Currier, chairman) 
has held three meetings since the last 
published report. Continued progress 
and results are reported on its project 
of compiling nomenclature and defini- 
tions for the natural building stones. 
The subcommittee is currently engaged, 
with the granite producers, in formulat- 
ing standard size range definitions of 
“texture” or “grain size’”’ based on aver- 
age sizes of the quartz and feldspar crys- 
tals making up the stone. Those defini- 
tions already compiled and in effect, 
C 119 — 48 and C 119 — 48 T, have 
proven their value both to the industry 
and to the U. S. Geological Survey. 

At the meeting of March 17, 1950, it 
was voted to submit the present tenta- 
tive definitions C 119-48T to letter 
ballot of the full committee for recom- 
mendation for adoption as standard. 

Subcommittee IIT on Test Procedures 
(D. W. Kessler, chairman) has held two 
meetings since the last report of Com- 
mittee C-18. A test procedure for deter- 
mining the abrasive resistance of stone 
subjected to foot traffic, has been ac- 
cepted by the Society as a tentative 
method of test, as referred to earlier in 
this report. The means of reducing com- 
pressive strength results, when the test 
is made on a tall specimen, came under 
consideration. It was decided to change 
the wording of Section 7 (6) of the 


Standard Method of Test for Compres-. 


sive Strength of Natural Building Stone 
(C 170 — 46) so that the results obtained 
on short specimens may be reduced to 
that of a cubical specimen also. The 
reduction formula works in both direc- 
tions, and it is desirable to reduce all 
determinations to the same basis. 
The test method for modulus of rup- 
ture or flexure was considered, with re- 
gard to an amendment making possible 
the employment of smaller test speci- 
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mens than are at present specified. 
It was proposed to modify Section 4, 
Standard Method of Test for Modulus 
of Rupture of Natural Building Stone 
(C 99-47), to lend written authority 
to what has long been common practice. 
It was voted to study and check tests 
on record and present this proposal in 
1951. 

Subcommitiee IV on Specifications (F. 
S. Eaton, chairman). Subcommittee IV 
met in April, 1949, and in March, 1950. 
A specification for exterior marble was 
submitted which is receiving further 
study. The granite industry group also 
has requested time for study and accu- 
mulation of necessary data on which to 
base and propose a specification for 
building granite. 

Subcommittee V on Research (J. R. 
Shank, chairman).—Discussion has been 
held on the subjects of durability tests, 
the exposure test wall being sponsored 
jointly by the committee and the Na- 
tional Bureau of Standards as discussed 
in the Appendix to this report, problems 
presented by the granite facing of the 
Sather Tower in California, definitions 
and standards for surfaces and polish 
(tabled until further progress results 
from cooperative work with ASA Sec- 
tional Committee A 91), and a project 
for collecting study samples of weathered 
building stones to serve as checks in 
durability tests. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 21 voting members; 19 
members returned their ballots, all 
of whom have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
L. W. CURRIER, 


Chairman. 
F. S. Eaton, 
Secretary. 
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A research project in the form of an 
exposure test wall has been undertaken 
cooperatively by the committee and the 
National Bureau of Standards. The 
wall was erected in a test plot on the 
property of the National Bureau of 
Standards during the latter part of 
1948. The wall contains 2069 samples of 
stone in the front face and 231 more on 
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the back and ends. Most of the stones — 
are from domestic sources, and 47 states 
are represented. Samples from sixteen 
foreign countries are included. 

The wall is mainly for the purpose of 
studying various phases of weathering 
on a large variety of stones under known 
conditions of exposure. Certain variables 
were introduced for the purpose of gain- 
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Fic. 1.—Exposure Test Wall. 


The exposure test wall was erected at the National Bureau of Standards in 1948 for the pur- 
pose of studying phases of weathering on a large variety of building stones under known condition‘, 


of exposure. 
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ing information on certain construction 
methods. Stonework on the front of the 
wall was set with two kinds of mortar 
for studies on discoloration effects, the 
right-hand half being set in lime mortar 
and the other half with portland-cement 
mortar. Grade weatherproofings were 
placed under three sections of the gran- 
ite base while two intervening sections 
have none. The back of the stonework in 
the central portion was back water- 
proofed before the concrete backing was 
poured, while the two remaining por- 
tions were not so treated. Certain ar- 
rangements of types of stone were made 
to test a theory that some combinations 
of stone cause more rapid weathering. 
Two large areas have dolomitic stones 
above calcareous stones and two other 
areas have calcareous stones above sili- 
ceous stones. 

On the back of the wall are several 
panels and samples of thin veneer stone 
set in portland-cement concrete. Several 
of the 
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thin stones were not cleaned of 


saw rust on the back faces before setting 
in order to determine if such practice 
contributes to discolorations. There are 
two watertables on the back, one covered 
with flagstones and the other with mar- 
ble. Under each vertical joint in the 
marble watertable a thin piece of slate 
was placed in order to determine if such 
practice will prevent discolorations be- 
low the joints. 

A vault is provided in the back of the 
wall for storing records and samples 
taken from various blocks before they 
were set. It is planned to keep the test 
under observation for many years. 
When blocks show definite amounts of 
deterioration they will be removed from 
the wall and replaced by new samples. 
By laboratory studies on the weathered 
stones, efforts will be made to identify 
the causes and extent of weathering. 
The project is mainly an effort to deter- 
mine the various causes of deterioration 
in stone masonry and to improve our 
durability tests. 


| 
q 
af 
7. 4 
1 
| ; 


REPORT OF COMMITTEE C-19 


ON 


STRUCTUR AL SANDWICH CONSTRUCTION! 


‘aii c 19 has held two meetings 
during the year: on September 30, 1949, 
and April 4, 1950, both in Philadelphia, 
Pa. Since the last report seven new mem- 
bers have been elected and two members 
have resigned. The total membership of 
the committee is now 57, of whom 47 
are voting members; 20 are classified as 
producers, 9 as consumers, and 18 as 
general interest members. 

The officers of the committee elected 
at the meeting on April 4, 1950, for the 
ensuing term of two years are as follows: 
_ Chairman, A. G. H. Dietz. 

Vice-Chairman, D. G. Reid. 
Secretary, E. C. Hartmann. 
Membership Secretary, R. A. Biggs. 

The subcommittee organization re- 
mains unchanged with the exception of 
one change among chairmen; J. J. Lamb 
is the new chairman of Subcommittee IV, 
replacing J. M. Stevens. 

Committee C-19 sponsored a session 
at the San Francisco Meeting on October 
13, 1949, at which time the following 
papers were presented: 


“Preliminary Considerations for Testing Sand- 
wich Radome Materials,’” by G. R. Huisman 
and R. H. Wight, 

“Testing of Sandwich Constructions at the 
Forest Products Laboratory,’”* by Edward 
W. Kuenzi, and 

“Durability Tests of Metalite Sandwich Con- 
struction,”* by David G. Reid. 


One of the main activities of Com- 
mittee C-19 is, of course, the de- 


1 Presented at eo Fitty- third Annual Meeting of the 
26-30, 

2A ged No. 164, February, 1950, p. 19. 

ASTM Butietin, No. 164, February, 1950, p. 21. 

4ASTM BuLLETIN, No. 164, February, 1950, p 28. 


velopment of test methods an to 
structural sandwich construction. There 
has been a considerable need and demand 
for such standardized test methods on 
the part of both producers and con- 
sumers. During the year, nine tentatives 
have been prepared as indicated in the 
subcommittee reports. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Mechanical Proper- 
ties of Basic Materials (R. C. Platow, 
chairman).—This subcommittee has pre- 
pared three proposed tentatives covering 
the following subjects: mechanical test of 
core materials, apparent and absolute 
density, and water absorption, which are 
now receiving consideration. The sub- 
committee has agreed to adopt the exist- 
ing method of test for thermal conduc- 
tivity by means of the guarded hot plate, 
as applicable to core materials for sand- 
wich construction. 

Subcommittee II on Mechanical Prop- 
erties of Basic Sandwich Construction 
(E. W. Kuenzi, chairman).—The subcom- 
mittee spent most of the year preparing 
six tentative methods of testing sandwich 
construction on the following subjects: 
compression flatwise, compression edge- 
wise, bending flatwise, shear flatwise, 
shear edgewise, tension flatwise. All are 
undergoing revision prior to submission 
to letter ballot. 

Subcommittee on Permanence, Dura- 
bility and Simulated Service (D. G. Reid, 
chairman).—The subcommittee has been 
making an attempt to arrange for ex- 
posure tests of sandwich constructions 
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under the leadership of R. A. Biggs of 
the section on Exposure Facilities. The 
question of exposure tests procedures is 
also under consideration. Preliminary ar- 
rangements have been worked out for 
round-robin tests on fatigue of sandwich 
constructions under the leadership of 
R. C. Platow. 

Subcommittee IV on Nomenclature and 
Definitions (J. J. Lamb, chairman).— 
Subcommittee IV has submitted defini- 
tions of sandwich constructions and com- 
ponents and some terms relating to ad- 
hesives. The subcommittee is reviewing 
the definitions adopted by Committee 
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D-14 on Adhesives to determine which 
are pertinent to sandwich constructions. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 47 voting members; 32 returned 
their ballots, all of whom have voted 
affirmatively. 


Respectfully submitted on behalf of 
the committee, 
A. G. H. Dietz, 
Chairman. 
E. C. HARTMANN, 
Secretary. 
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Since its inception in 1948, Committee 
C-21 has held three meetings: on Octo- 
ber 1, 1948, September 22, 1949, and 
March 1, 1950. In addition, the Execu- 
tive Subcommittee has held five meet- 
ings. The committee has, at present, a 
voting membership of 78. In addition 
to the Executive Subcommittee, the 
organization comprises a Subcommittee 
on Nomenclature, a Subcommittee on 
Tests and Specifications, and a Sub- 
committee on Research. 

Reelected for the ensuing term of two 
years are the following officers: 
Chairman, J. H. Koenig. 

Vice Chairman, J. R. Beam. 
Secretary, R. F. Geller. 


New TENTATIVE 


The committee recommends that the 
Proposed Definitions and Terms, de- 
veloped in Subcommittee I on Nomen- 
clature and approved by letter ballot 
of the committee, be accepted for pub- 
lication as tentative, as appended hereto.” 


& ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature (A. S 
Watts, chairman).—This subcommittee 
developed and submitted to the commit- 
tee a total of 31 terms and definitions 
dealing with ceramic ware, ceramic 
coatings, properties, and general terms. 
Consideration is now being given to a 


1 Presented at ‘the Fifty-third Annual Meeting of the 
June 26-30, 1950. 
hese Definitions were accepted as tentative and ap- 
ar in the 1950 Supplement to ASTM Book of Standards, 
art 3. 
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list of definitions covering additional 
terms used in the ceramic whitewares 
field. 

Subcommittee II on Tests and Speci- 
fications (F. P. Hall, chairman)—tThis 
subcommittee has been divided into the 
following: 

Section A on Raw Materials with 
Subsection Al on Clays (T. A. Kline- 
felter, chairman) and Subsection A2 
on Nonplastics (R. F. Sherwood, chair- 
man). 

Section B on Process Controls (C. H. 
Commons, chairman). 


Section C on Product Tests and Speci- _ 


fications with Subsection C1 on Funda- 


mental Properties (W. C. Mohr, chair- 


man) and Subsection C2 on Products 
Tests and Specifications, which is in- 
active. 

Subsection C1 has been very active 
and, as a result of numerous meetings, 
is now activating a round-robin series 
of absorption tests. As a result of these 
tests, the section should be in a position 
within the next year tomake recommenda- 
tions regarding the method for determin- 
ing absorption to be used in conjunction 
with limits referred to in the definitions 
of terms, referred to earlier in this report. 

Subcommittee III on Research (C. J. 


Harman, chairman).—This subcommit- 


tee has been chiefly concerned with con- 
sidering ways and means of accomplish- 
ing the research required by Committee 
C-21. Committee members have been 


keeping abreast of technical develop- | 


ments and publications that might have 
a bearing on the committee’s needs. 
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This report has been submitted to let- Respectfully submitted on behalf of 


ter ballot of the committee, which con- the committee, 


_ sists of 78 voting members; 57 members 


returned their ballots, of whom 56 have F, Getter, 
voted affirmatively and 1 negatively. Secretary. 


J. H. Koume, 
Chairman. 


The eee meeting of Com- 
mittee C-22 On Porcelain Enamel was 
held on June 17, 1949, at A.S.T.M. Head- 
quarters in Philadelphia. Interim officers, 
including chairman, vice chairman, and 
secretary, and seven executive subcom- 
mittee members were elected to serve 
until the next regular election of officers. 

The permanent organization of the 
committee, including scope and methods 
of operation, was thoroughly discussed 
and the Executive Subcommittee di- 
rected to take the necessary steps in the 
preparation of by-laws for the committee 
and in the organization thereof. This 
work was completed and the results 
unanimously accepted by letter ballot 
by the members well in advance of Spring 
Committee Week. 

On March 1 and March 2, 1950, the 
committee met in Pittsburgh, Pa. At 
this meeting, officers for the ensuing two 
years were elected and the organization 
of the authorized subcommittees and sec- 
tions was completed. Committee C-22 at 
present consists of 38 members, of whom 
36 are voting members, with 20 classified 
as producers, 5 as consumers, and 11 as 
general interest members. 

The election of officers for the ensuing 
term resulted in the selection of the fol- 
lowing: 

Chairman, W. N. Harrison. 

Vice-Chairman, D. G. Bennett. 

Secretary, G. H. Spencer-Strong. 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Research (G. H. 
McIntyre, chairman)—The subcom- 
mittee considered 30 possible research 
projects which had been suggested by 
the membership prior to the meeting. Six 
of the suggested projects were selected 
for immediate study and members of the 
subcommittee were assigned to investi- 
gate the problems and to report on same 
at the next meeting of the subcommittee. 

Subcommittee II on Nomenclature (F. 
A. Petersen, chairman).—This subcom- 
mittee has taken advantage of the work of 
the Committee on Classification, Nomen- 
clature and Glossary of the Enamel Divi- 
sion of The American Ceramic Society — 
which recently published a glossary of 
the porcelain enamel art, using it as a 
basis for an ASTM tentative. At the same 
time, the subcommittee will investigate 
the possibility of preparing a glossary of 
trade names covering proprietary com- 
pounds used in the porcelain enamel 
industry. 

Subcommitiee III on Tests and Speci- 
fications (R. F. Bisbee, chairman).—By 
action of the subcommittee, Section 1 
on Raw Materials (W. A. Deringer, 
chairman) and Section 2 on Materials 
in Process (5. E. Hemsteger, chairman) 
were authorized to operate jointly as a 
single section during the preliminary 
phases of their work. The subcommittee 
agreed that for the purposes of its work 
semi-finished materials, such as frit, be 
considered as raw materials. 


bea 
J 
} 
| 
235 


236 


Sections 1 and 2 are compiling a list of 
existing test methods for the raw mate- 
rials and materials in process used in the 
porcelain enamel industry. A compre- 
hensive review will be prepared. 

Section 3 on Finished Products (J. H. 
Gregory, chairman).—This section is in- 
vestigating available test methods now 
in use in evaluating 11 major physical 
properties of porcelain enamel coatings 
on finished products. — 


Report or Commirree C-22 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 32 voting members; 24 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


W. N. Harrison, 
Chairman. 


G. H. SPENCER-STRONG, 


Me 
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REPORT OF COMMITTEE D 1 


PAINT, VARNISH, LACQUER, 


Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held two 
meetings during the year: in Atlantic 
City, N. J., June 26 to 29, 1949, in con- 
nection with the Annual Meeting of the 
Society, and in Pittsburgh, Pa., Febru- 
ary 27 to March 1, 1950, in connection 
with the Spring Group Committee 
Meetings. 

At the June, 1949, meeting, the follow- 
ing three papers were presented: “Direct 
Reading Attachment for Stormer Vis- 
cosimeter,’”” by John H. Calbeck; “A 
Method for the Standardization of Krebs 
Modified Stormer Viscometers,’* by 
C. F. Jackson and W. H. Madson; and 
“Correlation of Accelerated Weathering 
Machines,” by Roy W. Hill, George 
Cook, and William E. Moyer under the 
direction of Arthur W. Van Heuckeroth. 

At the March, 1950, meeting, a panel 
discussion was held on ‘“Colorimetry.” 
Walter C. Granville served as moderator 
and the panel was composed of E. J. 
Dunn, Jr., R. S. Hunter, A. E. Jacobsen, 
M. P. Morse, and F. Scofield. The topics 
covered in the discussion of the relation 
between colorimetry and paint were: 
(1) control of working color standards 
for visual comparison; (2) accuracy of 
color measurements made by colorim- 
eters, spectrophotometers, and visual 
comparison to material color standards; 
(3) a comparison between visual and 
instrumental conditions for illuminating 
and viewing samples. 

During the past year, a new Subcom- 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
2ASTM BouttetTin, No. 161, October, 1949, p. 33 
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AND RELATED PRODUCTS! 


mittee on Printing Inks under the chair- 
manship of P. J. Thoma, and a new 
Subcommittee on Flash Point under the 
chairmanship of N. C. Schultze have 
been organized. 

The D-1 Membership Committee, 
which was organized in 1946 to obtain 
new members for Committee D-1, partic- 
ularly members engaged directly in the 
protective coating industry, has been 
active. The Membership Committee has 
succeeded in adding fourteen new mem- 
bers to Committee D-1. 

The D-1 Inter-committee Relations 
Committee, which is composed of the 
D-1 representatives on other technical 
committees, is continuing to follow 
closely the activities of other technical 
committees which may be of interest to 
Committee D-1. 

Cooperative work with the Federation 
of Paint and Varnish Production Clubs 
has continued active during the year 
under the Joint Committee (M. Van 
Loo, chairman). 

A Special Subcommittee on Location 
of Exposure Test Sites has been cooperat- 
ing with the A.S.T.M. Advisory Com- 
mittee on Corrosion in considering vari- 
ous types of test sites for exposure tests. 
The committee is continuing to study the 
dirt collection conditions of certain sites 
by exposing painted panels. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee D-1 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
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mendation that the Method of Test for 
Distillation Range of Lacquer Solvents atile matter, max., per cent: 
and Diluents be published as tentative. Typel............. 4.0 4.0 

This recommendation was accepted by Type lll... 40 8.0 
the Standards Committee on September 


Present Recommended 


22, 1949, and the new tentative method Loss on ignition (at 1500 

appears in the 1949 Book of A.S.T.M. max., 
Standards, Parts 4 and 5, bearing the Type 
designation D 1078 - 49 T. 1.0 6.0 


z Section 2 (b).—Change the requirements for 
NEw TENTATIVES moisture by distillation as follows: 


Moisture by distillation, 


The committee recommends for pub- 


lication as tentative the following one max., per cent: 

new specification and seven methods of Typel............. 2.0 3.0 

test, as appended hereto.‘ 2.0 6.0 

Specifications for: Expressed as percentage by weight. 


Pure Para Red Toner, as a tentative revision of 
Standard Specifications D 475 — 49,5 


Methods of Test for: 
Heptane Number of Hydrocarbon Solvents, The committee recommends for im- 
Kauri-Butanol Value of Hydrocarbon Solvents, mediate adoption revisions in the fol- 
Nitrocellulose Diluting Power of Hydrocarbon lowing three standards and accordingly 
Solvents, asks for the necessary nine-tenths af- 


Chemical Analysis of Blue Pigments, 
Chemical Analysis of Chromium Pigments, as firmative vote at the Annual Meeting 


a revision of and to replace Standard Methods so that these revisions may be submitted 
D 126 - 36,° ' ‘ to letter ballot of the Society: 
Chemical Analysis of Zinc Dust, as a revision o' i Met : lvsi 


and 4 
ae Cont I 1M ese (D 50 - 36),5 
Varnishes, as a revision of and to be added to 6), 


Standard Methods D 154 - 47.8 Standard Methods of Testing Varnishes (D 154 - 
47),® revision of the viscosity test as appended 
hereto.® 

The committee recommends that the Standard Definitions of Terms Relating to 


“a Paint, Varnish, Lacquer, and Related Prod- 
following two tentatives be revised as ucts (D 16-47),® revised by addition of the 


REVISIONS OF STANDARDS, JMMEDIATE 
ADOPTION 


REVISIONS OF TENTATIVES 


indicated: following definition: 

Tentative Method of Preparation of Steel “Oil color.—An oil paint containing ° 
Panels for Testing Paint, Varnish, Lacquer, high concentration of colored ae, 
and Related Products (D 609 - 46 T),5 revise commonly used for tinting paint. 


as appended hereto.*® 
Tentative Specifications for Venetian Red 


ADOPTION OF TENTATIVE REVISION AS 


(D 767 - 48 T),® revise as follows: STANDARD 
Section 2 (a).—In the table in this section : 
; ee change the requirements for two items as The committee recommends that the 


follows: tentative revision® of the Standard 
Specifications and Tests for Soluble 
Nitrocellulose (D 301-48) published 


4 The new specifications and methods were accepted by j 9 i involv 
the Society and appear in the 1950 Supplement to ASTM mace June, I 46, and which involve 
Book of Standards, Fart 4. aceite changes in Sections 5 to 9, be approved 
OOK 0 ..1.M. Standards, Par . 
¢ The revised methods were accepted by athe Society for reference to letter ballot of the Soci- 
in the 1950 tt 
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TENTATIVE REVISIONS OF STANDARDS 


The committee recommends the fol- 
lowing tentative revisions in two stand- 
ards: 


Standard Methods of Testing Drying Oils 
(D 555 - 47),5 comprising a new test for 
hydroxy] value and break as appended hereto.® 

Standard Definitions of Terms Relating to 
Paint, Varnish, Lacquer, and Related Prod- 
ucts (D 16-47),5 comprising the following 
new definitions of four terms: 

Spar Varnish.—A varnish for exterior sur- 
faces. The name originated from its use on 
spars of ships. 

Sealer.—A liquid composition to prevent 
excessive absorption of finish coats into 
porous surfaces; also a composition to pre- 
vent bleeding (see Size). 

Primer.—The first of two or more coats of 
a paint, varnish, or lacquer system. 

Size-—Usually a liquid composition to pre- 

--vent excessive absorption of wall paints 

into plaster, old wall paint, and similar 

_ porous surfaces; also a liquid composition 
used as a first coat on metal to improve 
adhesion at succeeding coats (latter usage 
is limited to the metal decorating industry). 

Note.—The terms sealer and size are almost 
synonomous, but usage has established cer- 
tain differences. A sealer is ordinarily a thin 

_varnjsh or clear lacquer and is usually ap- 
plied on wood and metal surfaces. Ordinary 
painter’s size is a thin solution of glue, starch 

or other water-soluble substance and is 
usually applied on plaster surfaces, but size 
used in metal decorating is a thin varnish. 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends the adop- 
tion as standard of the following two 
tentatives without revision: 


Tentative Methods of Testing Ethylcellulose 
(D 914 47),® and 

Tentative Definitions of Terms Relating to 
Paint, Varnish, Lacquer, and Related Prod- 
ucts (D 16-48 


WITHDRAWAL OF STANDARDS 


The committee recommends that the 
following two standards be withdrawn as 
they are being revised and replaced by 
new methods of chemical analysis as 
mentioned earlier in this report. 
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Standard Methods of Chemical Analysis of: 


Yellow and Orange Pigments Containing Chro- 
mium Compounds, Blue Pigments, 
Chrome Green (D 126-36),5 and 

Zinc Dust (D 521-40). 


EDITORIAL CHANGES IN TENTATIVES 


The committee recommends the fol- 
lowing editorial changes in two tenta- 
tives: 


Tentative Specifications for Red and Brown 
Iron Oxide Pigments (D 84-48 T)* changing 
the description in Section 1 (a) of Class I 
from “Iron oxides commercially pure (in- 
cluding Indian Red)” to read “Commercially 
pure iron oxides produced by roasting iron 
salts or iron precipitate.” 

Tentative Method of Test for Night Visibility 
of Traffic Paints (D 1011-49 T),® adding to 
the present note in Section 3 the following 
four sentences: “A directional reading port- 
able photoelectric photometer has also been 
described by Hill and Ecker* which can be 
used in the daylight for evaluating brightness 
of highway center line stripes. The angle of 
incidence and the angle of reflectance some- 
what differ from that presented in Method 
D 1011. This instrument is a photoelectric 
photometer with a direct reading scale. The 
instrument is self-contained and employs a 
small 6-v. battery.” The footnote reference 
to this addition should read as follows: ‘‘* J. 
M. Hill and H. W. Ecker, ‘A Direct Reading 
Portable Photoelectric Photometer for De- 
termining Reflectance of Highway Center- 
lines,’ ASTM Buttetin, No. 159, July, 1949, 
p. 69.” 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.’ 


Subcommittee IT on Drying Oils (Fran- 
cis Scofield, chairman) prepared the 
new method for hydroxyl value and 
break test, appended hereto.* The sub- 
committee is conducting cooperative 
work on diene value, a modified foots 
4 The letter ballot vote on these recommendations 


was favorable; the results of the vote are on record at 
ASTM Headquarters. 
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test. Work is also being done on the de- 
termination of conjugation in drying oils. 

Subcommittee III on Bituminous Emul- 
sions (E. H. Berger, chairman) is con- 
sidering revisions of the methods of 
testing bituminous emulsions. Work is 
being continued on two specifications 
for emulsions of the coal-tar and asphalt 
types, which will be based almost en- 
tirely on performance requirements. 

Subcommittee IV on Traffic Paint 
(W. G. Vannoy, chairman) is studying 
tests for the durability of traffic paints, 
properties of glass beads, and an ac- 
celerated suspension test for traffic paint. 

Subcommittee V on Volatile Solvents 
for Organic Protective Coatings (M. B. 
Chittick, chairman) prepared the new 
methods of test for heptane number, 
Kauri-butanol value, and nitrocellulose 
diluting power of hydrocarbon solvents, 
as appended to this report. The sub- 
committee has under development meth- 
ods of test for naphtha tolerance, 
viscosity reduction, and copper corro- 
sion. 

Subcommittee VI on Definitions (C. 
H. Rose, chairman) prepared definitions 
for spar varnish, primer, size, and oil 
color. 

Subcommittee VII on Accelerated Tests 
(R. H. Sawyer, chairman) prepared a 
revision of the Tentative Method of 
Preparation of Steel Panels for Testing 
Paint, Varnish, Lacquer, and Related 
Products (D 609 - 46 T). It is preparing 
a revision of the existing standard for 
wood panels, D 358 —- 48 T, and is con- 
tinuing cooperation tests on humidity 
and immersion exposure testing. 

Subcommittee VIII on Chemical Analy- 
sis (C. Y. Hopkins, chairman) submits 
for immediate adoption a revision in the 
Standard Methods of Chemical Analysis 
of Yellow, Orange, Red, and Brown Pig- 
ments Containing Iron and Manganese 
(D 50 - 36). It has also prepared three 
new Tentative Methods of Chemical 
Analysis of: Yellow, Orange, and Green 


& 
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Pigments Containing Lead Chromate, 
and Chromium Oxide Green (to replace 
Methods D 126 — 36); Zinc Dust (Metal- 
lic Powder) (to replace D 521 - 40); and 
Blue Pigments. 

The subcommittee is engaged in pre- 
paring a new method of test which will 
include general tests applicable to pig- 
ments, such as water soluble content, 
hydrogen ion concentration, acidity or 
alkalinity by titration, etc. Work is 
also being conducted on the analysis of 
white lead, titanium dioxide, pigments 
treated with additive agents, and alu- 
minum pigments. 

Subcommittee IX on Varnishes (J. C. 
Weaver, chairman) prepared a tentative 
revision of the Standard Methods of 
Testing Varnishes (D 154-47) to con- 
sist of the addition of methods of test 
for ‘‘dust free’? as determined by the 
use of cotton linters, “through dry” 
(thumb pressure) and ‘“‘tack free” (Za- 
pon Tester) and elasticity and toughness. 
A revision of the viscosity test in Meth- 
ods D 154 is recommended for immediate 
adoption. Cooperative tests aye being 
conducted on eight different samples of 
varnish to perfect a rapid means of de- 
termining non-volatile matter. 

A general paper has been prepared cov- 
ering the numerical relationship be- 
tween flow times of various efflux cups 
used in the coatings industry, conversion 
formulas for these cups, Ford cup stand- 
ardization, a survey of preference for 
methods of viscosity measurements and 
certain corrections of details on the use 
of Gardner-Holdt tubes. 

Surface tension is an important vari- 
able in bubble viscometers and a study 
of the exact relationship of surface ten- 
sion to viscosity measurement in Inter- 
chemical and Gardner-Holdt bubbles 
is recommended as a research project 
worthy of sponsorship by the coatings 
industry. 

Work is being done on a method for 
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determining viscosity by means of the 
Ford type viscosity cups, based on the 
work of the Chicago Paint and Varnish 
Production Club. Further work on bub- 
ble tube or other types of viscometers 
applicable to varnishes and related ma- 
terials is being conducted. 

A group studying alkali resistance has 
analyzed 18 questions in a poll of Sub- 
committee IX and has developed from 
this a further revision of the sections in 
Methods D 154. This revision will be 
evaluated in cooperative testings of 
several representative varnishes. Water 
resistance may be studied in similar 
fashion at a later date. 

A group on exterior durability of var- 
nish is beginning a cooperative study of 
five varnishes on wood and metal panels 
for exposure by several individuals in 
several parts of the country. Methods of 
application and uniform observation 
and reporting will be given close atten- 
tion. 

A new group has been appointed to 
follow the activities of the New York 
Production Club in developing a print- 
free test. A group on color of transparent 
liquids has been formed to cooperate 
with other groups including the Inter- 
Society Color Council in replacing or 
revising the 1933 Gardner Color Stand- 
ards to obtain more acceptable color 
standards of greater permanency. 

Subcommittee X on Optical Properties 
(W. C. Granville, chairman) is continu- 
ing to study the problem of developing 
methods of test for absolute hiding power 
and small color differences. For better 
discrimination of low-gloss finishes, the 
development of a method of test for 85- 
deg. sheen is being considered. 

Subcommittee XI on Resins (C. T. 
Pickett, chairman) is preparing a pro- 
posed method of test for total chlorine 
in resins for surface coatings which is 
near completion. 

Round-robin cooperative tests are in 
progress on the following: Precipitation 
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method for total solids, methods for de- 
termination of softening point, solvent 
tolerance of amine resins, and Swann 
method of determination of phthalic 
anhydride in the presence of other un- 
saturated acids. 

Surveys are in progress on the deter- 
mination of specific gravity, clarity and 
color of solid resins; chemical and 
physical identification of phenolic resins 
and vinyl polymers and copolymers. 

Subcommittee XII on Exterior Expo- 
sure Testing of Paints on Wood (Wayne 
Fuller, chairman) is preparing a revision 
of the Tentative Method of Conducting 
Exterior Exposure Tests of Paints on 
Wood (D 1006 - 49 T). It is anticipated 
that this revision will be ready for sub- 
mission to Committee D-1 at the June 
meeting. Forms for the recording of ex- 
posure data are being developed in 
collaboration with the Federation of 
Paint and Varnish Production Clubs. 

Subcommittee XIII on Shellac (C. C. 
Hartman, chairman) met jointly with 
collaborators from the lac industry and 
the Federal Government on October 18, 
1949, at the American Standards Asso- 
ciation Headquarters in New York City. 
This group, functioning as the American 
Committee on the International Stand- 
ards Organization Technical Committte 
50 on Shellac, considered proposed 
Indian Standard Specifications for Seed- 
lac, Shellac and Dry Bleached Shellac, 
respectively. The comments and sug- 
gested changes on these specifications, as 
approved by the committee, were trans- 
mitted in writing through the ASA to 
the Indian Secretariat for consideration 
by the International Committee which 
met in New Delhi, January 16 to 19, 
1950. 

Subcommittee XIV on the Electro- 
metric Testing of Paint Films (William 
Shaw, chairman) has been preparing a 
method for conducting time potential 
tests on paint films. This proposed 
method is being studied by a working 
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group of the subcommittee which is 
conducting cooperative tests. 

Subcommittee XV on Pigments (C. L. 
Crockett, chairman) has prepared revi- 
sions of the Standard Specifications for 
Pure Para Red Toner, Light (D 475 - 49) 
and Tentative Specifications for Venetian 
Red (D 767 — 48 T), also editorial changes 
in the Tentative Specifications for Red 
and Brown Iron Oxide Pigments (D 84-48 
T). It is preparing a new specification for 
calcium carbonate and a revision of the 
Standard Specifications for Magnesium 
Silicate Pigment (D 717 - 45). 

Consideration is also being given to 
the revision of some of the iron oxide 
pigment specifications with particular 
reference to changing the calcium car- 
bonate content in venetian red and add- 
ing a requirement for maximum water 
soluble matter in some of the other iron 
oxide specifications where this is not 
already specified. 

Subcommittee XVI on Printing Inks 
(Paul J. Thoma, chairman) is a new 
subcommittee and has seven groups in 
operation under group chairmen as 
follows: 


Rubproofness, C. A. Blessing, de! 
Fineness of Grind, J. C. Braznell, 
- Drying Time, E. F. Carman, 
Printing Ink Rheology, M. C. Rogers, 
Methods Review, R. H. Simmons, 
Definitions, W. C. Walker, and 
Paper-Ink Relationship, M. Zucker. 


Subcommitiee XVII on Flash Point 
(N. C. Schultze, chairman) is also a new 
subcommittee which was established to 
study and compare methods for the 
determination of flash point, and estab- 
blish one or more standard methods, 
suitable for the determination of the 
flash point of paints, varnishes, lacquers, 
and related products and materials used 
in the manufacture thereof. The sub- 
committee will first consider a method 
based upon the Tag open cup tester. 


Subcommittee X VIII on Physical Prop- 
erties (M. R. Euverard, chairman) has 


ten active groups working on the follow- 


ing subjects: 


Oil absorption of pigments, 
Application of uniform films, 
Consistency of pastes, 

Adhesion, 

Dry film thickness, 

Specific gravity of pigments, 

Hardness of paint films, 

Chalk resistance of titanium pigments, 
Permeability of paint films, and 

Fire retardency of paints. 


New groups have been formed to study 
wet film thickness and fineness of grind. 

Subcommittee XXV on Cellulose and 
Related Products (F. H. Lang, chairman) 
recommends the adoption as standard of 
the tentative revision of Specifications 
and Tests for Soluble Nitrocellulose 
(D 301 —- 48) and adoption as standard 
of the Tentative Methods of Testing 
Ethylcellulose (D 914 —- 47 T). The sub- 
committee is preparing specifications for 
methyl isobutyl ketone and for methanol, 
and a method of test for purity of ace- 
tone and methylethyl ketone. The Meth- 
ods of Sampling and Testing Lacquer 
Solvents and Diluents (D 268 - 49) are 
being studied as regards the possible 
separation of a number of test procedures 
from this method and to issue them as 
separate methods. 

Subcommittee XXIX on the Painting 
of Metals (A. J. Eickhoff, chairman) 
is starting a project on the preparation 
of standards for ferrous surfaces for 
painting. This may be in the form of a 
combined written-pictorial report. When 
this work is completed, the subcommittee 
plans to study the qualifications of paints 
applicable to the different surfaces. A 
project is also being started to investi- 
gate the painting of aluminum and its 
alloys. 
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This report has been submitted to 
letter ballot vote of the committee, which 
consists of 334 voting members; 105 
members returned their ballots, of 
whom 85 have voted affirmatively and 
0 negatively. 


Respectfully submitted on behalf of 
the committee, 


W. T. PEARCE, 


C. H. Rose, 
Secretary. 


Chairman. 


REPORT OF COMMITTEE D-2 


ON 


_ PETROLEUM PRODUCTS AND LUBRICANTS! 


Since the Annual Meeting in 1949, 
Committee D-2 on Petroleum Products 
and Lubricants held a committee week 
October 10 to 14, 1949, and a regular 
meeting February 20 to 24, 1950. The 
committee week was held in San Fran- 
cisco in conjunction with the first Pacific 
Area National Meeting of the Society. 
In addition to the regular meeting in 
Washington, D. C., in February, Com- 
mittee D-2 and its subcommittees met 
in Atlantic City, June 26 to 30, 
1950. 

The voting membership of the Com- 
mittee is currently 93, of whom 43 are 
classified as Producers, 35 as Consumers, 
and 15 as General Interest members. 

Committee D-2 announces with regret 
that C. Dantsizen found it necessary to 
resign the chairmanship in August, 1949, 
for reasons of health. Mr. Dantsizen has 
served as chairman since 1946. 

During the year, the committee 
suffered loss of four of its members of 
long standing: Eugene A. Ayres, be- 
cause of the assumption of other responsi- 
bilities within his company; R. R. 
Matthews and E. B. Phillips, through 
retirement from active duty in their 
respective companies; and H. C. Dickin- 
son, deceased. Dr. Dickinson’s death 
was mourned throughout the com- 
mittee. 

The committee held its 28th Annual 
D-2 Dinner on Tuesday evening, June 
27, 1950, at which two of its most active 
members, A. E. Miller and C. A. Neus- 
baum, were guests of honor. 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
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REORGANIZATION OF COMMITTEE D-2 


The reorganization of Committee D-2 
which has been under way for the past 
three years is now approximately com- 
plete. The standing subcommittees of 
Committee D-2 include, at present, 11 
Technical Committees, 11 Research Divi- 
sions, 5 Special Subcommittees, and 5 
Coordinating Divisions. These standing 
subcommittees are further subdivided 
into approximately 125 working groups 
or sections. Later in this report, under 
Activities of Standing Subcommittees, a 
statement is included after the listing of 
each newly formed committee or division 
indicating its former position, if any, in 
the committee structure. 

Newly authorized during the past 
year are Technical Committee M on 
Petroleum Wax, under the chairmanship 
of A. M. Heald of the Marathon Corp., 
which will function as a Joint TAPPI- 
ASTM Committee on Petroleum Wax; 
and Research Division XI on Calorim- 
etry. The former group has already 
held its organization meeting. The latter 
group is still in the process of organiza- 
tion. 

Section I on Oil Turbine Systems of 
Technical Committee C has also been 
reorganized as a Joint ASTM-ASME 
Committee on Steam Turbine Lubrica- 
tion. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


On September 22, 1949, the Adminis- 


trative Committee on Standards ac- 
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cepted a of Committee 
D-2 that the Tentative Method of Test 
for Chlorine in Lubricating Oils by the 
Bomb Method (D 808-44T) be re- 
vised. The revised method, D 808 - 49 T, 
appears in the 1949 Book of A.S.T.M. 
Standards, Part 5, and in the 1949 Com- 
pilation of A.S.T.M. Standards on Petro- 
leum Products and Lubricants. 

On March 1, 1950, the Administrative 
Committee on Standards accepted the 
recommendation of Committee D-2 that 
the scope of the Tentative Method of 
Test for Knock Characteristics of Avia- 
tion Fuels by the Aviation Method 
(D 614-49 T) be revised. The revised 
method appears in the 1949 Book of 
A.S.T.M. Standards, Part 5, and in the 
1950 Appendix to the ASTM Manual of 
Engine Test Methods for Rating Fuels. 

On May 25, 1950, Committee D-2 sub- 
mitted to the Administrative Committee 
on Standards recommendations for the 


following four new tentative methods 
and a revision of an existing tentative: 


New Tentative Methods of: 


Gaging Petroleum and Petroleum Products 

Sampling Petroleum and Petroleum Products 

Measuring the Temperature of Petroleum and 
Petroleum Products 

Volume Calculations and egal 


Revision of Tentative Method of: me 


Test for Water and Sediment in — 
Products by Means of Centrifuge (D96- 
47 T) 


When the above recommendations are 
accepted by the Society, the four new 
methods, and the revised Method D 96 - 
50 T, together with other related mater- 
ial, are to be published in a separate 
manual entitled “A.S.T.M. Manual on 
Measuring and Sampling Petroleum and 
its Products,’’ authorization for which 
was included in the 1949 Annual Re- 
of D-2. 
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AMERICAN STANDARDS 


Since the Annual Meeting of the 
Society in 1949, the American Standards 
Association, upon recommendation of 
Sectional Committee Z11 on Petroleum 
Prodticts and Lubricants, has approved 
the following A.S.T.M. Standards as 
American Standard: 


D 217 - 48, Method of Test for Cone Penetra- 
tion of Lubricating Grease (Z11.3—1949) 

D 810-48, Methods of Test for Sulfated Resi- 
due, Lead, Iron, and Copper, in New and 
Used Lubricating Oils (Z11.57—1949) 

D 811-48, Methods of Chemical Analysis for 
Metals in Lubricating Oils (Z11.56—1949) 

D 473-48, Method of Test for Sediment in 
Fuel Oil by Extraction (Z11.58—1949) 

D 187 - 49, Method of Test for Burning Quality 
of Kerosine (Z11.17—1949) 

D 664-49, Method of Test for Neutralization 
Value (Acid and Base Numbers) by Electro- 
metric Titration (Z11.59—1949) 

D 873 - 49, Method of Test for Oxidation Sta- 
bility of Aviation Gasoline (Potential Gum 
Method) (Z11.60—1949) 

D 938-49, Method of Test for Congealing 
Point of Pharmaceutical! Petrolatums (Z11.61 
—1949) 

D 941 -49, Method for Measurement of Den- 
sity of Hydrocarbon Liquids by the Pycnom- 
eter (Z11.62—1949) 

D 525-49, Method of Test for Oxidation Sta- 
bility of Gasoline (Induction Period Method) 
(Z11.63—1949) 

D 381-49, Method of Test for Existent Gum 
in Gasoline (Air-Jet Evaporation Method) 
(Z11.36—1949) (revision of Z11.36—1947) 

D 323 —- 49, Method of Test for Vapor Pressure 
of Petroleum Products (Reid Method) (Z11-44 
—1949) (revision of Z11.44—1943) 

D 357 - 49, Method of Test for Knock Char- 
acteristics of Motor Fuels by the Motor 
Method (Z11.37—1949) 

D 127 - 49, Method of Test for Melting Point of 
Petrolatum and Microcrystalline Wax (Z11.22 
—1949) (revision of Z11.22—1932) 

D 156-49, Method of Test for Color of Re- 
fined Petroleum Oil by Means of Saybolt 
Chromometer (Z11.35—1949) (revision of 
Z11.35—1938) 

D 129-49, Method of Test for Sulfur in Pe- 
troleum Products and Lubricants by the 
Bomb Method (Z11.13—1949) (revision of 
Z11.13—1944) 

D 288-49, Definitions of Terms Relating to 
Petroleum (Z11.28—1949) 
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D 526-48 T, Method of Test for Tetraethyl- 
lead in Gasoline (Z11.48—1949) 


The ASA has also reaffirmed the 
following American Standards on recom- 
mendation of Sectional Committee Z11: 


D 88-44, Method of Test for Viscosity by 
Means of the Saybolt Viscosimeter (Z11.2— 
1944), Reaffirmed 1949 

D 565-45, Method of Test for Carbonizable 
Substances in White Mineral Oil (Liquid 
Petrolatum) (Z11.49—1945), Reaffirmed 1949 

D 666-44, Method for Conversion of Kine- 

- matic Viscosity to Saybolt Furol Viscosity 
(Z11.53—1944), Reaffirmed 1949 

D 612-45, Method of Test for Carbonizable 
Substances in Paraffin Wax (Z11.50—1945), 
Reaffirmed 1949 


Technical Commitiee A on Gasoline 


(H. M. Smith, chairman) has continued 
the study of properties of motor fuels 
and has proposed that the Tentative 
Specifications for Gasoline (D 439- 
49T) be revised to raise the’ 13.5 lb. 
maximum Reid vapor pressure to 15.0 
lb. for the W(winter) fuel. This proposal! 
originated in Section V, Specifications 
and Significance of Tests. 

Section V is currently without a chair- 
man, since the death of H. C. Dickinson, 
but is continuing the study of climato- 
logical data and their relationship to 
motor fuel volatility as those data are 
made available by the Weather Bureau. 
A study of the Bureau of Mines National 
Motor-Gasoline Survey for the summer 
of 1949 indicates that the present mini- 
mum octane limits given in Specifica- 
tions D 439-49T conform closely to 
the minimum values shown by the survey 
for both regular and premium grades. 
Section V will continue to observe trends 
in gasoline characte «istics as revealed by 
the surveys and will revise the specifica- 
tions when necessary. This section has 
called attention to the fact that the dis- 
continuance of the Standard Method of 
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Test for Detection of Free and Corrosive 
Sulfur Compounds in Gasoline (D 130 - 
30) and the substitution of D 130 - 49 T, 
Tentative Method of Test for Free and 
Corrosive Sulfur in Petroleum Products, 
will require editorial revision of Specifica- 
tions D 439. 

Technical Committee B on Lubricating 
Oils (W. S. James, chairman) sponsored 
an A.S.T.M. Symposium on High-Addi- 
tive Content Lubricating Oils on October 
12, 1949, during the Pacific Area 


National Meeting in San Francisco. The 
following four papers were presented: 


“Does Service Performance Justify Higher 
Quality Lubricating Oils,” by W. B. Bassett, 
Lubri-Zol Corp. 

“High Detergency Motor Oils,” by A. B. 
Boehm, Enjay Co., New York, and C. O. 
Tongberg, Standard Oil Development Co. 

“Five Years’ Experience With Special Heavy- 
Duty Oils,” by R. E. Jeffrey and J. A. Edgar, 
Shell Oil Co., Inc. 

“Possible Future Military Engine Oils,” by 
N. L. Klein, Office of Chief of Ordnance, Dept. 
of the Army. 


These papers have been made available 
in a special technical publication by the 
Society.? 

The committee heard a paper on “Ex- 
periences in the Lubrication of Ordnance 
Instruments,” by Henry Gisser of the 
Frankford Arsenal at a meeting on 
February 23, 1950, of Section U-V on 
Instrument Oils (E. H. Erck, chairman). 
On the same date, at the meeting of 
Section U-VI on Lubricants for Air Com- 
pressors and Compressed Air Tools (C. 
M. Larson, chairman) the committee 
heard a paper on “Types of Compressors 
and the Behavior of Additives,” by K. L. 
Hollister of The Texas Company.’ 

Two future symposia are planned, one 
for February, 1951, again on High-Addi- 


4 Issued as a separate publication, STP No. 102, June, 


# Published in ASTM Butuetin, No. 170, December, 
1950, p. 35 (TP261). 
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tive Content Oils; the other for June, 
1951, on Lubrication of Extreme-Pres- 
sure Conditions. Other groups within 
Committee D-2 will probably join with 
Technical Committee B in the sponsor- 
ship of this latter symposium. 

Upon the recommendation of Section 
Q-I on Physical and Chemical Changes 
(L. L. Davis, chairman), Technical 
Committee B has proposed that the 
Method of Test for Sulfated Residue 
from New Lubricating Oils (D 874- 
47T), be continued as tentative. A 
study of methods for measuring the dilu- 
tion of crankcase oils from both gasoline 
and diesel engines is also under way in 
Section Q-I. 

Section Q-IT on Oxidation and Bearing 
Corrosion (H. R. Wolf, chairman) is 
currently studying a proposed method 
for measuring corrosion by means of lead 
strips. 

Technical Committee B continued to 
serve as a forum for the discussion of 
proposed revisions in the SAE classifica- 
tion of motor oils. Several reports from 
the Special Committee on Classification 
of Motor Oils (J. L. McCloud, chairman) 
have been heard and consideration has 
been given to several additional recom- 
mendations from interested individuals 
and groups. 

Technical Committee C on Turbine Oils 
(F. C. Linn, chairman) was responsible 
for a technical session of the Society, 
held in San Francisco, October 12, 1949. 
This Symposium on Turbine Oils in- 
cluded four papers: 

“Lubrication Problems and Requirements of 
Gas Turbine Equipment,” by F. C. Linn, 
General Electric Co. 

“Operating Experience and Problems Re- 
lative to Lubricating Systems of Steam Turbine 
Sets for Utilities,” by V. Estcourt, Pacific Gas 
and Electric Co. 

“Specific Problems Pertaining to Lubrica- 
tion of Industrial Turbines,” by A. S. Morrow, 
Shell Oil Co., Inc. 

“Lubrication of Marine Turbine Propulsion 

uipment,” by F. S. Jones, Socony-Vacuum 
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These papers are being published as 
a technical pamphlet by the Society.‘ 

Section I on Oil Systems of Turbines 
has been given a dual status and made 
an ASTM-ASME Joint Committee on 
Steam Turbine Lubrication. It has com- 
pleted its work on two new recommended 
practices: a Proposed Recommended 
Practice for Cleaning Turbine Lubrica- 
tion Systems After Service, and a Pro- 
posed Recommended Practice for the 
Purification of Turbine Oils. These 
Recommended Practices will be pre- 
sented as a paper before the Petroleum 
Division of the American Society of Me- 
chanical Engineers in New Orleans in 
September, 1950, and will be published in 
Mechanical Engineering. Section I is con- 
tinuing to work on a Recommended Prac- 
tice for the Design of Turbine Lubricat- 
ing Systems and on the problem of 
turbine flushing oils and practices. 

In its dual capacity this group will 
continue to serve as Section I of Tech- 
nical Committee C, and all matters per- 
taining to test methods will be referred 
to Technical Committee C for processing 
in the established manner for publication 
by the A.S.T.M. Matters appropriate to 
A.S.M.E. will be channelled to that 
organization. 

Technical Committee C has approved 
and passed on to Committee D-2 a re- 
vision of the Method of Test for Rust- 
Preventing Characteristics of Steam 
Turbine Oils in the Presence of Water 
(D 665 - 49 T), which was worked out 
by Section II on Rusting (W. P. Kuebler, 
chairman). 

Section III on Oxidation of Turbine 
Oils (E. A. Reehl, chairman) has called 
attention to a number of minor editorial 
revisions that were necessary in the 
‘Method of Test for Oxidation Charac- 
teristics of Steam Turbine Oils (D 943 - 
47T), and initiated the proposal of 


‘Issued as a separate publication STP No. 105, Sep- 
tember, 1950. 
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Technical Committee C that this method 
be continued as tentative. 

Section IV on Emulsion Tests (M. D. 
Baker, chairman) is working currently 
on a new test method for evaluating the 
emulsifying tendencies of turbine oils. 
_ This section initiated the proposal of 
Technical Committee C that the Tenta- 
tive Method of Test for Interfacial 
Tension of Oil Against Water by the 
Ring Method (D 971 — 48 T) be adopted 
as standard. 

Section V on Film Strength Testing 
(C.D. Wilson, chairman) is carrying out 
cooperative work with the A.S.M.E. 
Research Committee on Lubrication, 
involving bench testing of oils of varying 
pressure-viscosity characteristics. 

Section VI on Compatibility Testing 
(W. C. Witham, chairman), which was 
organized during the past year, is initiat- 
ing a preliminary cooperative program 
for determining the effects resulting from 
the mixing of two or more types of tur- 
bine oil. 

Technical Committee E on Burner Fuel 
Oils (M. A. Powers, chairman) is con- 
tinuing to follow the current practices 
in the field of burner fuel oils. This com- 
mittee has agreed to editorial changes 
in the Specifications for Fuel Oils 
(D 396 — 48 T), to make these specifica- 
tions conform to the new Tentative 
Method of Test for Free and Corrosive 
Sulfur in Petroleum Products (D 130- 
49 T). 

Technical Committee F on Diesel Fuels 
(C. G. A. Rosen, chairman) held a 
Symposium on the Effect of Fuel Upon 
Diesel Engine Deposits in San Francisco 
on October 13, 1949. The following five 
papers were delivered: 

“Influence of Diesel Fuels on Engine De- 
posits,” by H. F. Bryan of International Har- 
vester Co. 

“Fuels for Diesel Engines—A Review,” by 
C. C. Moore and W. L. Kent of the Union Oil 
Co. of California. 


“The Challenge of the Future Diesel,” by 
C. G. A. Rosen of the Caterpillar Tractor Co. 


“Diesel Fuels and Engine Deposits,” by J. T. 
Koot and A. G. Cattaneo of Shell Development 
Co. 

“Effect of Fuel Upon Diesel Engine De- 
posits,” by V. M. Stanich of General Petroleum 
Corp. 


It also sponsored an informal discus- 
sion on railway diesel fuels in February, 
to which representatives of the railroads 
and locomotive builders were invited. 
As a result of the discussion, Technical 
Committee F will organize a new Section 
III which will act as a liaison group with 
the railroads, cooperating specifically 
with the Association of American Rail- 
roads. 

Section I, CRC Liaison (W. J. Backoff, 
chairman) made regular reports on the 
current diesel fuel projects which are 
being carried out by the CRC. These 
include the following: 


1. Effect of fuel sulfur on engine operation. 

2. Fuel deterioration, effect on engine per- 
formance. 

3. Ignition quality testing. i 

4. Railroad field service testing. ie 

5. Front-end volatility. 

6. Corrosive tendencies of fuels and fuel 
systems. 

7. Deposit-forming characteristics. 

8. Full-scale test techniques. 

9. Combustion characteristics—ignition de- 
lay bomb. 

Section II on Specifications (H. M. 
Gadebusch, chairman) has worked out 
some revisions of the Specifications for 
Diesel Fuels (D 975 - 49 T) which have 
been approved by Technical Committee 
F and referred to Committee D-2. These 
revisions are being submitted to the 
Society in this report. 

Technical Committee G on Lubricating 
Greases (R. C. Adams, chairman) has 
continued to expand its activities and 
membership during the past year. Four- 
teen working subsections are now active. 

Section I, Subsection 3 on Oxidation 
Characteristics of Greases has completed 
a careful restudy of the Method of Test 
for Oxidation Stability of Lubricating 


Greases by the Oxygen Bomb Method 
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method is being recommended for adop- 
tion as standard, with certain minor 
revisions. 

Section II, Subsection 4 on Flow Char- 
acteristics (L. C. Brunstrum, chairman) 
initiated a proposal that the Method of 
Test for Apparent Viscosity of Lubricat- 
ing Greases, which was published as in- 
formation as Appendix II of the 1949 
Report of Committee D-2, be accepted 
as tentative. No adverse criticism of this 
method has been received since publica- 
tion and the method is judged to be in 
conformance with accepted practice. 

Section II, Subsection 1 on Evapora- 
tion Test for Greases at High Tempera- 
ture (F. E. Woodward. chairman) is 
investigating certain minor difficulties 
encountered with the use of the Method 
of Test for Evaporation Loss of Lubricat- 
ing Greases and Oils (D 972 —- 48 T), on 
oil samples. It is also considering the 
extension of this method to high tem- 
peratures. Pending the completion of this 
work, Technical Committee G has pro- 
posed that Method D 972 be retained 
as tentative. 

Other technical studies on the pro- 
gram of Technical Committee G include: 


1. A study of the effect of grease on metals in 
storage. 

2. A study of the Method of Test for Cone 
Penetration of Lubricating Greases (D 217 — 48) 
in conjunction with multiple mechanical work- 
ing of grease samples. 

3. A cooperative test program on the deter- 
mination of dirt in greases. 

4. An extensive cooperative test program 
for evaluation of the wheel bearing grease 
tester described in the Proposed Method of 
Test for Performance Characteristics of Wheel 
Bearing Grease published as Appendix I to the 
1948 Report of Committee D-2.5 

5. The development of test methods for the 
determination of lead, sulfur, chlorine and phos- 
phorus in greases. Research Division III on 
Elemental Analysis. (C. M. Gambrill, chair- 
man) is collaborating in this study. 


5 Proceedings, Am. Soc. Testing Mats., Vol. 48, pp. 
303 to 308 (1948). 
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(D 942 - 47 T), as a result of which the 
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6. The development of methods for deter- 
mining the consistency of semi-fluid greases. 

7. Development of methods for predicting 
storage stability of greases. 

8. Investigation of the micro penetrometer 
and micro worker. 

9. Development of functional tests for high- 
temperature antifriction bearing greases, wheel- 
bearing greases, low-temperature greases, and 
water-resistant greases. 

10. A study by section IV on Thixotropy 
(B. B. Farrington, chairman) of the work 
softening and age hardening of greases. 

11. Development of a standard ball bearing 
grease testing machine. 

12. Development of suitable standardized 
test equipment for determining the starting 
torque and running torque characteristics of 
ball bearing greases at low temperatures. 

Committee D-2 has endorsed a pro- 
posal of Technical Committee G that 
the Society sponsor a symposium, at an 
early date, on the subject of fretting cor- 
rosion or friction-oxidation. This problem 
concerns many technologists in addition 
to the grease makers and users. 

Technical Committee H on Light Hydro- 
carbons (W. G. Lovell, chairman) has 
continued its work throughout the past 
year at a high level of activity. Upon 
recommendations originating in its vari- 
ous sections, Technical Committee H 
has proposed three new tentatives as 
follows: 

Method of Test for Boiling Point Range of 
Polymerization Grade Butadiene, published as 
Appendix VII to the 1949 Report of Committee 

Tentative Method of Test for Carbonyl 
Content of Butadiene, appended hereto.” 

Factors and Tables for Volume Correction 
and Specific Gravity Conversion of Liquefied 
Petroleum Gases, published as Appendix V to 
the 1948 Report of Committee D-2,” except that 
values above 0.600 will be deleted and values 
for 0.590 and 0.595 revised based on current in- 
formation and calculations. 

Technical Committee H has also pro- 
posed that the Tentative Method of 

'Proceedings, Am. Soc. Testing Mats., Vol. 49, pp. 
364 to 368 (1949). 

7 The new method was accepted by the Society and 
appears in the 1950 Supplement to Book of ASTM Stand- 
ards, Part 5S. 


1% Proceedings, Am. Soc. Testing Mats., Vol. 48, pp. 318 

to 327 (1948) 
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Test for Determination of Butadiene 
Content of Polymerization Grade Buta- 
diene (D973-48T), be adopted as 
standard. 

This committee has also sponsored the 
compilation of a tabulation of physical 
constants of hydrocarbons and has pro- 
posed that it be published as a mis- 
cellaneous technical publication by the 
Society, in keeping with a main purpose 
of A.S.T.M., namely “the promotion 
_ of knowledge of the materials of engineer- 
ing.” The data in the compilation were 
gathered from the literature and are not 
_ to be construed as A.S.T.M, standards. 
- Committee D-2 has concurred in this 
recommendation. 

_ Other items on the program of Tech- 
nical Committee H are as foliows: 

Section I (formerly Section III) on 
Chemical Utilization including Pure 
_ Hydrocarbons (R. F. Dunbrook, chair- 
- man) is continuing its program of de- 


velopment of methods of test for use in 


connection with butadiene, and is con- 


_ sidering methods of test and specifi- 
cations for pentanes, pentenes, and pe- 


troleum hexane for 
use. 

Section II (formerly Section VI) on 
Liquefied Petroleum Gas (E. W. Evans, 
chairman) is cooperating with the Cali- 
fornia Natural Gasoline Association and 
the Natural Gasoline Association of 
America in the study of vapor pressure, 
sulfur content, and methods of sampling 
liquefied petroleum gas. 

Technical Committee J on Aviation 
Fuels (J. T. Hendren, chairman) is in 
the process of revising the Specifications 
for Aviation Gasoline (D 910-48 T), 
by removing therefrom all descriptions 
of test procedures. These procedures will 
either be incorporated in existing 
methods or will be issued as new tenta- 
tives. 

Specifically, Technical Committee J 
is proposing, at this time, the removal 


pharmaceutical 


from the aviation gasoline specifications 
of the sections on net heat of combustion, 
acidity of distillation residue, copper 
strip corrosion, visible lead precipitate 
and water tolerance. 

The description of the procedure for 
net heat of combustion is being incor- 
porated in the Method of Test for 
Thermal Value of Fuel Oil (D 240 - 39); 
new tentative methods are being sub- 
mitted covering the procedures for 
acidity of residue from distillation of 
gasoline and of petroleum solvents (see 
Report of Research Division VI), and 
water tolerance of aircraft fuels. Pro- 
cedures for corrosion (copper strip) and 
visible lead precipitate have already been 
incorporated in the Method of Test for 
Free and Corrosive Sulfur in Petroleum 
Products (D130-49T), and the 
Method of Test for Oxidation Stability 
of Aviation Gasoline (Potential Gum 
Method) (D 873 - 49), respectively. The 
text of the Specifications for Aviation 
Gasoline (D910) will continue, tem- 
porarily, to incorporate ‘the procedures 
for color, gum by copper dish, and freez- 
ing point of gasoline. The problem of 
preparing replacement methods for these 
three procedures has been referred to 
Research Division [IX on Color, Research 
Division V on Analysis of Fuels, and 
Research Division VII on Flow Proper- 
ties. 

Technical Commitiee K on Cutting 
Fluids (E. M Kipp, chairman) has 
succeeded in selecting several test fluids 
which will be used by both Section I on 
Laboratory Evaluation of Cutting Fluids 
(T. G. Roehner, chairman) and Section 
II on Plant Evaluation of Cutting Fluids 
(M. E. McKinney, chairman) for the 
appraisal of various methods for deter- 
mining physical and chemical character- 
istics and operational behavior of cutting 
fluids. 

Technical Committee L on Tractor 
Fuels M. has 
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succeeded in reaching agreement on a 
definition of tractor fuel and on specifica- 
tion limits for a light and a regular grade. 
The proposed definition and specifica- 
tions are included as information in Ap- 
pendix VIII to this report. 

Technical Committee M on Petroleum 
Wax, which functions as a TAPPI- 
ASTM Joint Committee on Petroleum 
Wax, held its organizational meeting on 
February 20, 1950. Twenty-four pro- 
ducers and twenty-seven consumers and 
general interests accepted membership 
on this committee. Officers were elected, 
as follows: Chairman, A. M. Heald of 
the Marathon Corp.; Vice-Chairman, R. 
B. Killingsworth of Socony-Vacuum Oil 
Co., Inc.; and Secretary, A. P. Anderson 
of Shell Oil Co., Inc. The scope of this 
committee will cover methods of test, 
nomenclature, and specifications for 
petroleum wax. 

Eight sections of this committee have 
been appointed to work in the following 
fields: strength testing, flow tests, stabil- 
ity tests, sensory tests, composition, 
blocking, sealing and laminating, and 
scuff-gloss. Certain testing programs in 
this field, already initiated under the 
sponsorship of the Technical Association 
of the Pulp and Paper Industry, are 
being incorporated into the operations 
of this technical committee. 

Research Division I on Combustion 
Characteristics (D. B. Brooks, chairman) 
is continuing its active engine testing 
program. No major changes in the five 
knock test methods are anticipated this 
year. The division recommends that the 
Method of Test for Ignition Quality of 
Diesel Fuels by the Cetane Method 
(D 613 - 48 T) be continued as tentative 
at this time. In the course of its regular 
work of keeping close check on the acces- 
sories and parts available for the ASTM- 
CFR Knock Test Engine, the division 
has inspected the following innovations 
proposed by the Waukesha Motor Co. 
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and approved the changes as not affect- 
ing test results: 


1. Improved wiring materials for the panel- 
board conforming to the Underwriters’ code 
with regard to electrical and insulating char- 
acteristics and color used in the various circuits. 

2. A curved spark control arm which elimi- 
nates interference when a 4-bowl carburetor is 
used. 

3. An improved coolant-return pipe which 
is more easily removed and installed during 
engine servicing. 

4. A plastic oil-level sight gage for the high- 
speed crankcase which gives improved oil level 
visibility. 

Active projects which are currently 
under way in the various sections of this 
Division include: the packaging and 
storage of the high-purity isooctane and 
n-heptane; the testing of an electronic 
mixture-heater regulator and a selenium 
rectifier for possible elimination of the 
d-c. generator on the ASTM-CFR knock 
test engine; the redesign of the engine 
panelboard; the development of a micro 
method for octane determination on 
very small samples; redesign of other 
engine parts; the study of the effect of 
barometric pressure on the rating of fuels; 
and a study of the reproducibility of the 
“F-21” method for rating aviation gaso- 
lines. 

Division II on Measurement and 
Sampling (formerly Subcommittee XV) 
(L. C. Burroughs, chairman) has just 
completed the initial phase of its project 
to publish a three-volume set of Oil 
Measurement Standards. The first volume, 
entitled ‘“‘A.S.T.M. Manual on Measure- 
ment and Sampling of Petroleum and 
Petroleum Products,” has been accepted 
by the Administrative Committee on 
Standards® and will be published in the 
near future. It will contain a suitable in- 
troduction; four new Tentative Methods 
on Gaging, Sampling, Volume Calcula- 
tions and Corrections, and Temperature 
Measurement; also the Method of Test 
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for Gravity of Petroleum and Petroleum 
Products by Means of the Hydrometer 

_ (D 287 - 39) and the Tentative Method 

of Test for Water and Sediment in 

- Petroleum Products by Means of Centri- 
 fuge (D 96 50 T). 

Considerable progress has been made 
by Division II and the British Institute 
of Petroleum in the cooperative prepara- 
tion of a complete set of Standard Oil 
Measurement Tables. The initial calcu- 
lations have been completed, and the 
current phase involves checking and type 
setting the resultant information. The 
calculation was done by Mr. Jack 
Sherman, of The Texas Company, on 
IBM automatic calculating machines. 
The American set of tables, which will 


be published as Volume II of the 


A.S.T.M. Oil Measurement Standards, 
will occupy approximately 650 pages, 
and the British and metric sets about 400 
to 500 pages each. 

Section E on Tank Calibration (H. C. 


- Packard, chairman) has completed the 


initial draft on the Calibration of Vertical 
Cylindrical Tanks, which is designed to 
become a part of Volume III of the Oil 
Measurement Standards. 

Research Division III on Elemental 
_ Analysis (C. M. Gambrill, chairman) 
_ has been organized to embrace a number 
of closely affiliated former analytical 


gubcommittees and technical committee 


sections. 

Two symposia were held under the 
auspices of this division during the past 
year. The first, held in October, 1949, in 
_ San Francisco, covered Modern Chemical 


- and Instrumental Methods for the De- 


termination of Metals in Petroleum 
Products, with the following six papers: 


“Polarographic Determination of Copper, 
Nickel, and Vanadium in Petroleum Products,” 
by D. R. Hild, P. C. Ross and R. O. Clark, 
Gulf Research and Development Co. 

“Photometric Determination of Iron, Copper, 
—_ and Vanadium in Petroleum Products,” 
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by R. E. Snyder and R. O. Clark, Gulf Research 
and Development Co. 

“Flame Photometric Determination of Cal- 
cium in Lubricating Oils,” by L. C. Jones, 
Shell Oil Research Laboratories 

“Amperometric Determination of Iron and 
Copper in Lubricating Oils,” by T. D. Parks 
and Louis Lykken, Shell Development Co. 

“Spectographic Determination of Phosphorus 
and Meta! Additives in Oil Using a Solutions 
Excitation Attachment,” by J. P. Pagliassotti 
and F. W. Porsche, Standard Oil Co. (Indiana) 

“Determination of Inorganic Elements in 
Oils by X-ray Absorption,” by R. C. Vollmar, 
Standard Oil Co. of California. 


The second symposium, held February, 
1950, in Washington, D. C., was on the 
subject of Recent Developments in 
Instrumental Methods for the Deter- 
mination of Tetraethyllead in Gasoline, 
and included the following seven papers: 


“Rapid Determination of Tetraethy! Lead in 
Aviation Gasoline,” by J. C. Bailie, W. J. 
Tancig, W. E. Delaney and V. A. Smith, Stand- 
ard Oil Co. (Indiana) 

“Rapid Polarographic Determination of Tet- 
raethyl Lead in Gasoline,” by Kent A. Hansen, 
Thomas D. Parks and Louis Lykken, Shell 
Development Co. 

“A Direct-Reading Polarograph for the De- 
termination of Tetraethyl Lead in Gasoline,” 
by E. B. Offutt and L. V. Sorg, Standard Oil 
Co. (Indiana) 

“X-ray Methods in the Analysis and Prepara- 
tion of Leaded Gasoline,” by H. A. Liebhafsky 
and E. H. Winslow, General Electric Co.* 

“Determination of Tetraethy] Lead in Gaso- 
line by X-ray Absorptiometry,” by G. 
Calingaert and F. W. Lamb of the Ethy] 
Corporation, H. L. Miller of the University of 
Michigan, and G. E. Noakes of the University 
of Toronto 

“Monochromatic X-ray Methods for the 
Determination of Tetraethyl Lead in Gasoline,” 
by H. K. Hughes and F. P. Hochgesang, Socony- 
Vacuum Laboratories 

“X-ray Fluorescence Analysis of Ethy! Fluid 
in Gasoline,” by L. S. Birks, E. J. Brooks, H. 
Friedman and R. M. Roe, U. S. Naval Research 
Laboratory 


The authors of the papers from both 
of these symposia will arrange for pub- 
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lication in technical journals of their own 
choice. 

Committee D-2 is supporting a pro- 
posal of Research Division III that a 
joint Symposium on Flame Photometry 
be held at the A.S.T.M. Annual Meeting 
in Atlantic City in 1951, probably under 
the joint sponsorship of Committee C-1 
on Cement and Committee D-2. 

Section A on Sulfur (formerly Sub- 
committee VII) (B. J. Heinrich, chair- 
man) has developed revisions in the Ten- 
tative Method of Test for Sulfur in Pe- 
troleum Products by the Lamp Gravi- 
metric Method (D 90 - 47 T), and the 
Method of Test for Sulfur in Petroleum 
Products and Lubricants by the Bomb 
Method (D 129) which have been ap- 
proved by the Division and proposed to 
Committee D-2. 

Section B on Chlorine (formerly Sec- 
tion A of Subcommittee XI) (P. C. 
White, chairman) has developed revi- 
sions of the Tentative Method of Test 
for Chlorine in Lubricating Oils by Bomb 
Method (D 808 - 49 T) which permit the 
inclusion of greases in the scope of the 
method and also improve the procedure 
for the precipitation of silver chloride. 
These revisions have been proposed to 
Committee D-2. 

Section C on Phosphorus (formerly 
Section B of Subcommittee XI) (Harry 
Levin, chairman) has initiated the pro- 
posal of Research Division III that the 
Proposed Methods of Test for Phos- 
phorus in Lubricating Oils, Lubricating 
Oil Additives, and Their Concentrates, 
which was published as Appendix VIII 
to the 1949 Report of Committee D-2™ 
be published as tentative. If this proposal 
is accepted, an explanatory note will be 
included in the Tentative Method of 
Chemical Analysis for Phosphorus in 
Lubricating Oils (D 809 - 44 T), indicat- 
ing that Method D 809 may be super- 
seded in the near future by the new 
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tentative. This method is currently being __ 
tested for use with greases. ’ 

Section D on Metals (formerly Section 
D of Subcommittee XI) (W. C. Woelfel, 
chairman) is currently testing proposed 
methods for the determination of lead 
in grease. 

Section E on Trace Elements (R. O. 
Clark, chairman) is making a survey of _ 
the analytical instruments available in 
preparation for the initiation of a co- 
operative testing program, if and when 
such a program is organized. 

Section F on Tetraethyllead in Gaso- 
line (formerly Section VII of Technical — 
Committee A) (J. B. Rather, Jr., chair- 
man) has initiated the recommendation 
for the continuation as tentative of the 
Method of Test for Tetraethyllead in 
Gasoline (D 526 — 48 T) pending the con- 
sideration of non-chemical procedures for 
inclusion in the method. - 

Section G on Carbon, Hydrogen, Oxy- _ 
gen and Nitrogen (formerly Section G, 
Subcommittee XXV) (R. Matteson, 
chairman) has completed its work on 
the determination of hydrogen (D 1018 - 
49 T) and plans to await further develop- — 
ment on the oxygen and nitrogen 
methods before initiating a program of 
cooperative work. 

Research Division IV on Hydrocarbon 
Analysis (formerly Subcommittee XXV) 
(S. S. Kurtz, Jr., chairman) has made a 
number of proposals, some of which were 
initiated in the various sections. The 
proposals are described as follows: | 

A Method of Test for Hydrocarbon 
Type Analysis of Diesel Fuels is proposed 
for publication as information only. 

The continuance as tentative of the 
Method of Test for Olefins and Aro- 
matics in Petroleum Distillates (D 875 - 
46 T) is recommended in anticipation of 
revision during the coming year. 

Section B on Determination of Olefinic — 
Unsaturation by Chemical Means (E. T. ka, 
Scafe, chairman) has revised the two 
methods for bromine number of petro- ; 


leum distillates which were published as 
information in Appendices X and XI to 
the 1949 Report of Committee D-2; and 
the Division has proposed reissuance of 
the revised methods as information. 

Section D on Refractive Index, Dis- 
persion, and Density (H. M. Smith, 
chairman) has developed two new 
methods of test: one for the Precise 
Determination of Refractive Index and 
Refractive Dispersion, the other for 
Density of Knock Test Standard Normal 
Heptane and Jsooctane by the Pycnom- 
_ eter, which are proposed for publication 
_ as information. The first of these meth- 
ods is the outgrowth of an extended study 


of the technique of precision refractom- 
etry by members of this section. The sec- 


_ ond method was developed in response to 
a request by Section E on Reference Ma- 
terials, of Research Division I. 

Section E on Determination of Purity 


by Freezing Point (F. D. Rossini, Chair- 


man) has made studies which resulted 
in proposals for revisions in the scope 


_ and change of certain of the constants 


used in the Method of Test for Determi- 
nation of Purity from Freezing Points 
(D 1016 - 49 T). 

Section F on Spectroscopic Methods 
_ for the Analysis of Hydrocarbons (S. S. 
Kurtz, Jr., chairman) has developed two 
new methods which the division has 
_ proposed for issuance as tentative. These 


are: Method of Test for Analysis of 60 


Octane Number Jsooctane-Normal Hep- 
tane A.S.T.M. Knock-Test Reference 
Fuel Blends by Infrared Spectrophotom- 
etry, and Method of Test for 1,3-Buta- 
diene in Cy Hydrocarbon Mixtures by 
Ultraviolet Spectrophotometry. The first 
of these methods was developed at the 
request of Research Division I. Data 
showing the accuracy and precision of 
the latter method, based on cooperative 
testing by the Rubber Reserve, is in- 
cluded in Table I. 

As a result of studies by Section H 
on Determination of Miscibility Tem- 
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peratures (R. L. Nix, chairman), the 
division has proposed continuance as 
tentative of the Method of Test for 
Aniline Points and Mixed Aniline Points 
of Petroleum Products (D 611 -47 T). 
Consideration is being given to revising 
Method D 611 to include the simple test 
tube apparatus described in the Method 
of Test for Aniline Points and Mixed 
Aniline Points of Hydrocarbon Solvents 
(D 1012-49 T), which was developed 
under the sponsorship of Committee D-1. 

Research Division V on Analysis of 
Fuels (C. A. Neusbaum, chairman) is 
newly organized and is made up of the 
former Section I of Technical Committee 
A, Section IV of Technical Committee 
E, and Subcommittee XIV. 

Section A on Deterioration Products 
(E. T. Scafe, chairman) has worked out 
extensive editorial revision of the Method 
of Test for Existent Gum in Gasoline 
(Air-Jet Evaporation Method) (D 381 - 
49) which the division has proposed to 
Committee D-2. The revisions were de- 
signed for clarification, and include a 
more detailed specification for the gum 
solvent used in the test. Acceptance of 
this proposal requires revision of Section 
5 on gum solvent of the Method of Test 
for Oxidation Stability of Gasoline (In- 
duction Period Method) (D 525-49) 
and of the Method of Test for Oxidation 
Stability of Aviation Gasoline (Potential 
Gum Method) (D 873 - 49) so that the 
gum solvent in all three methods will 
remain identical. Section A is currently 
conducting cooperative work in an effort 
to develop procedures for the determina- 
tion of existent gum or nonvolatile 
residue in gasoline containing dissolved 
nonvolatile lubricating oil, in jet fuels, 
and in other fuels boiling above the 
gasoline range. 

Section B on Extraneous Material 
(R. L. Nix, chairman) has developed an 
improved specification for the bath used 


-in the Method of Test for Water and 


Sediment in Petroleum Products by 
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Means of Centrifuge (D 96 - 47 T), and 
has worked out a procedure for use in 
testing samples containing waxy ma- 
terial. The division has proposed these 
revisions to Committee D-2. Section B 
is currently working to establish a tech- 
nique, in conjunction with A.S.T.M. 
Committee E-1 on Methods of Testing, 
for the calibration of centrifuge tubes. 

Research Division VI on Analysis of 


Saponification Number of Petroleum 
Products by Color-Indicator Titration 
(D 94~-48T) and Method of Test for 
Neutralization Value (Acid and Base 
Numbers) by Color-Indicator Titration 
(D 974-48T) pending further study 
during the coming year. The Method of 
Test for Saponification Number of Petro- 
leum Products by Potentiometric Titra- 
tion (D939-47T) is proposed for 


TABLE I.—RESULTS OF ANALYTICAL COMMITTEE TEST PROGRAM ON ULTRAVIOLET 
ANALYSIS OF MIXTURES NOS. 13 TO 20 OF BUTADIENE. 


Nore—All mixtures were analyzed by Method No. LM 2.1.85. 


Butadiene Mixture 
Laboratory Number 
Mix13 | Mixi4 | Mix15 | Mix16 | Mixi17 | Mix 18 Mix 19 | Mix 20 
0.0 0.1 18.7 2.2 1.0 0.0 0.1 2.1 
13 0.0 0.1 18.7 2.2 1.1 0.0 0.1 2.1 
0.0 0.1 18.7 2.2 1.0 0.0 0.1 2.2 
20.5 1.5 0.2" 0.0 0.0 
21.0 1.7 0.7 0.0 0.0 
22 0.0 0.0 16.3 1.6 
0.0 0.0 16.4 1.6 0.7 
0.3 0.3 18.9 2.0 1.0 0.1 
25 0.2 0.4 18.8 2.0 1.0 0.1 0.1 1.9 
0.3 0.5* 18.8 2.0 1.0 0.1 0.1 1.9 
0.1 0.1 17.9 1.8 0.9 0.0 
28 0.1 0.3 17.9 1.8 0.9 0.0 
0.1 0.2 17.6 1.8 0.9 0.0 a Beret 
0.0 0.1 20.2 2.1 1.9 
39 0.0 0.1 20.2 2.1 1.9 
0.0 0.2 20.2 2.1 0.9 1.9 
18.6 1.9 1.0 0.0 0.1 
40 ee 18.6 1.9 1.0 0.0 
18.6 1.9 1.0 0.0 0.1 
Synthetic value, mole per cent. . 0.0 0.0 18.28 1.80 0.93 0.0 eS 
Average value, mole per cent. . 0.07 0.14 18.62 1.95 0.87 0.02 0.07 1.99 
Average — Synthetic.......... +0.07 +0.14 +0. 34 +0.15 —0.06 +0.02 
Standard deviation.......... ; 0.11 0.12 1.28 0.22 0.11 0.04 0.04 0.11 
ee ae 0.08 0.09 0.91 0.16 0.08 0.03 0.03 0.09 
Probable error/Avg. X 100....| 114.29 64.29 4.98 8.21 9.20 150.0 42.86 4.52 
No. of analyses................ 15 14 25 25 24 15 15 & 
No. of analyses rejected....... 0 1 0 0 1 0 0 0 
No. of laboratories. ........... 5 5 9 9 9 5 5 3 


* Values rejected in calculating average according to a procedure based on the Pierce-Chauvenet criterion. 


Lubricants (H. P. Ferguson, chairman) 
has an organization parallel to that of 
Research Division V. It contains sec- 
tions which formerly functioned as Sub- 
committees XITI, X, and XXIII. 

Upon the recommendation of Section 
A on Neutralization Number and Saponi- 
fication (H. P. Ferguson, chairman) the 
division has proposed the continuation 
as tentatives of Method of Test for 


adoption as standard, with one minor 
revision. A new Tentative Method for 
Acidity of Residue from Distillation of 
Gasoline and of Petroleum Solvents, 
which includes Section 9 (g) of the Speci- 
fications for Aviation Gasoline (D 910 —- 
48 T) (see section on the activities of 
Technical Committee J earlier in this 
report) has been proposed. 

Upon the recommendation of Section 
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B on Insoluble Matter (L. L. Davis, 
chairman), the division has proposed the 
continuation as tentative of Method of 
Test for Normal Pentane and Benzene 
Insolubles in Used Lubricating Oils 
(D 893-48 T), with a revision in the 
scope. 

Section C on Carbon Residue (F. I. L. 
Lawrence, chairman) is continuing the 
study of the Method of Test for Carbon 
Residue of Petroleum Products (Rams- 
bottom Carbon Residue) (D 524 - 42). 

Research Division VII on Flow Proper- 
ties (J. C. Geniesse, chairman) incorpo- 
rates all of the work on viscosity and 
similar properties which was formerly 
carried out by Subcommittees V and 
XVI and Section Q-IV of Technical 
Committee B. 

Section A on Newtonian Liquids 
(John Watt, chairman) is working on a 
revision of the Method of Test for Kine- 
matic Viscosity (D 445 - 46 T). Pending 
the completion of this work, the method 
is recommended for continuation as 
tentative. 

Section B on Non-Newtonian Liquids 
(Orrin Clark, chairman) is currently 
studying the results of the work that 
was carried out during the past year 
under the auspices of the American 
Petroleum Institute on the measurement 
of viscosity at high rates of shear. These 
results were presented to Research Divi- 
sion VII at a symposium held in Febru- 
ary, 1949, at which the following two 
papers were delivered 


“The Preparation, Properties, and Viscosity- 
Shear Behavior of API Test Oils Nos. 103 and 
104,” by M. R. Fenske, The Pennsylvania 
State College 

“Viscosity Variation With Temperature and 
Rate of Shear in Four Lubricating Oils,” by 
Sydney J. Needs, Kingsbury Machine Works, 
Inc. 


Section D on Cloud and Pour Points 


1 Issued as a separate publication STP No. 111, Jan.- 
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(J. J. Giammaria, chairman) has de- 
veloped a Method of Test for Pour 
Stability Characteristics of Winter-Grade 
Motor Oils which is proposed for pub- 
lication as information. A report of 
Section D, containing the results of 
cooperative tests conducted in the de- 
velopment of this method is appended 
to this report. 

Research Division VIII on Voiatility 
(G. G. Lamb, chairman) incorporates 
the work previously handled by Sub- 
committees VIIT, XII, and XXI, Section 
II of Technical Committee A, and Sec- 
tion IV of Technical Committee J. 

Section B on Flash Point (E. W. Dean, 
chairman) is planning an investigation 
of the Tag open cup method of test, with 
the possibility of its standardization. 

Section E on Vacuum Distillation 
(J. F. Middleton, chairman) developed 
the Proposed Method of Test for Re- 
duced Pressure Distillation of Petroleum 
Products and has proposed its publica- 
tion as information. This method is the 
result of several years’ active coopera- 
tive work in a difficult field. Further re- 
vision of this method will undoubtedly 
be necessary before it is ready for accep- 
tance as tentative. Work is simul- 
taneously under way toward the 
development of a vapor temperature- 
pressure correlation which can ultimately 
be used for the conversion of distillation 
curves obtained at 10 mm. or less to 
atmospheric pressure. 

Research Division IX on Color (for- 
merly Subcommittee VI) (H. M. Han- 
cock, chairman) is recommending the 
continuation as tentative of the Methods 
of Test for Color of U. S. Army Motor 
Fuel (All-Purpose) by Means of an 
A.S.T.M. Color Standard (D 976 - 48 T) 
and for Color of Lubricating Oils and 
Petroleum by means of the A.S.T.M. 
Union Colorimeter (D 155 - 45 T). Work 
is progressing on a project for establishing 
aie specifications for the A.S. 


| 
i= 


division is also contemplating revision 
of the Method of Test for Color of Re- 
fined Petroleum Oil by Means of Saybolt 
Chromometer (D 156-49) to include 
pharmaceutical white oils and petrola- 
tums. 

Research Division X on Corrosion Tests 
(F. D. Tuemmler, chairman) is con- 
tinuing to expand and improve the 
Method of Test for Free and Corrosive 
Sulfur in Petroleum Products (D 130- 
49 T). A further revision of this test, 
which changes the method of describing 
the appearance of the copper test-strip 
and includes a specific A.S.T.M. copper 
strip corrosion scale has been prepared 
and is being proposed by the committee. 
As a result of the general acceptance of 
Method D 130 - 49 T by Technical Com- 
mittees A, E, and J, Research Division 
X recommends, this year, the with- 
drawal of the old version of this method, 
Standard D 130 - 30. 

A new Section B on Humidity Cabinet 
Corrosion Test, of Research Division X, 
has been established. 

Subcommitiee I on Pharmaceutical Tests 
(C. F. W. Gebelein, chairman) is cur- 
rently working on a means of improving 
the Method of Test for Penetration of 
Petrolatum (D 937 — 49 T). The possibil- 
ity of employing a stable standard 
reference material for penetrometer cali- 
bration is being investigated. Subcom- 
mittee I is also carrying out additional 
work on the Method of Test for Carbon- 
izable Substances in White Mineral Oil 
(D 565 - 45). 

Subcommittee III on Paraffin Wax 
(J. B. Rather, Jr., chairman) is currently 
working on methods of test for micro- 
crystalline wax. It is determining whether 
or not the Method of Test for Oil Content 
of Paraffin Wax (D 721-49 T) can be 
modified so as to be suitable for the 
handling of these waxes. The future 


activities of this subcommittee are being 


T.M. union colorimeter standards. This 


re-evaluated as a result of the organiza- 
tion of Technical Committee M on 
Petroleum Wax. 

Subcommittee XVII on Plant Spray 
Oil Tests (L. Mittelman, chairman) is 
working on refinements in the Method of 
Test for Unsulfonated Residue of Plant 
Spray Oils (D 483 - 40), and for Distilla- 
tion of Plant Spray Oils (D 447 — 41), 
which will include recommendations re- 
ceived from the Pacific Insecticide In- 
stitute. 

Subcommittee XXIV on Petroleum 
Sulfonates (C. F. W. Gebelein, chairman) 
is recommending that the Methods of 
Analysis of Petroleum  Sulfonates 
(D 855 — 46 T) be continued as tentative. 
This subcommittee is currently working 
on a revised method for determining sul- 
fonate molecular weight and is writing 
up several improvements in testing pro- 
cedure for use in a projected revision of 
the method. 

Special Subcommittee on Extreme-Pres- 
sure Properties Measurement (Harry 
Levin, chairman) is continuing its de- 
tailed cooperative study of the technique 
of operating the Timken testing machine 
for the purpose of writing a procedure 
that will give an adequate degree of 
reproducibility. 

Coordinating Division on Nomenclature 
(S. S. Kurtz, Jr., chairman) is actively 
engaged in obtaining industry-wide 
recognition of the definitions which have 
been published as A.S.T.M. Standard 
D 288 - 49, Definitions of Terms Re- 
lating to Petroleum. 

Coordinating Division on Test Methods 
(F. D. Tuemmler, chairman) is currently 
preparing a draft of a recommended 
practice on the use of precision data in, 
D-2 methods. This is based on a similar 
publication by the Institute of Petro- 
leum. This recommended practice will 


embody precision concepts for the terms  __ 


repeatability and reproducibility. 
Division on Significance 
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of Tests (F. D. Tuemmler, chairman) is 
making considerable headway in its 
major revision of the A.S.T.M. publica- 
tion “Significance of Tests of Petroleum 
Products.” The division is receiving ex- 
cellent cooperation from the officers of 
the various technical committees. 

Coordinating Division on Research (H. 
_ P. Ferguson, chairman) held its organiza- 
tion meeting in February, 1950. It has 
prepared a letter for transmittal to all 
committee chairmen, outlining the scope 
of the division and requesting their co- 
operation in establishing and continuing 
its activities. 

RECOMMENDATIONS AFFECTING 
STANDARDS AND TENTATIVES 

The proposals of the technical com- 
mittees, divisions and subcommittees, 
as outlined above, have been presented 
for discussion in open meetings of Com- 
mittee D-2 and have been submitted 
subsequently to letter ballot of the com- 
mittee. The results of this ballot will be 
available at the Annual Meeting and 
made a matter of record at A.S.T.M. 
headquarters. In no case did a proposal 
receive a negative vote of 10 per cent or 
more. On the basis of these results, Com- 
mittee D-2 makes the recommendations 
to the Society as set forth in the follow- 
ing sections. 

Committee D-2 further proposes that 
those recommendations concerning the 


adoption of tentatives as standards and 


the revision of standards for immediate 
adoption, which are approved by the 
Society, be referred to ASA Sectional 
Committee Z11 on Petroleum Products 
and Lubricants for approval as American 


Standards. 


PROPOSED METHODS TO BE 

PUBLISHED AS INFORMATION 
Committee D-2 recommends that the 
following proposed methods of test be 
published as information, as appended 
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Appendix I. Test for Hydrocarbon Type Analy- 
sis of Diesel Fuels by Silica Gel Adsorption. 

Appendix II. Test for Bromine Number of 
Petroleum Distillates (Color Indicator 
Method). 

Appendix III. Test for Bromine Number of 
Petroleum Distillates (Electrometric Method). 

Appendix IV. Test for Measurement of Refrac- 
tive Index and Refractive Dispersion of Hy- 
drocarbon Liquids. 

Appendix V. Test for Measurement of the Den- 
sity of Knock Test Standard Normal Heptane 
and Jsooctane by the Pycnometer. 

Appendix VI. Test for Pour Stability Char- 
acteristics of Winter Grade Motor Oils. 

Appendix VII. Test for Reduced Pressure Dis- 
tillation of Petroleum Products. 

Appendix VIII. Definition and Specifications 
for Tractor Fuels. 


New TENTATIVES 


Committee D-2 recommends that the 
following nine methods be accepted for 
publication as tentative: 


Tentative Methods of Test for: 


Apparent Viscosity of Lubricating Greases (see 
Appendix II, 1949 Annual Report of Com- 
mittee D-2),% 

Boiling Point Range of Polymerization Grade 
Butadiene (see Appendix VII, 1949 Report 
of Committee D-2),® 

Carbonyl Content of Butadiene, 

Factors and Tables for Volume Correction and 
Specific Gravity Conversion of Liquefied Pe- 
troleum Gases (see Appendix V, 1948 Report 
of Committee D-2, except that values above 
0.600 will be deleted and values for 0.590 and 
0.595 revised based on current information 
and calculations. 

Phosphorus in Lubricating Oils, Lubricating 
Oil Additives, and Their Concentrates (see 
Appendix VIII, 1949 Report of Committee 
D-2),% 

Analysis of 60 Octane Number /sooctane-Nor- 
mal Heptane A.S.T.M. Knock-Test Reference 
Fuel Blends by Infrared Spectrophotometry, 

1,3-Butadiene in C4 Hydrocarbon Mixtures by 
Ultraviolet Spectrophotometry, 

Acidity of Residue from Distillation of Gasoline 
and of Petroleum Solvents, and 

Water Tolerance of Aircraft Fuels. 


ll See pp. 264 to 311. 

12 These methods were accepted by the Society as ten- 
tative and appear in the 1950 Supplement to Book of 
ASTM Standards, Part 5. 

129 Proceedings, Am. Soc. Testing Mats., Vol. 49, p. 338 
to 344 (1949). 
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REVISION OF TENTATIVES 


Committee D-2 recommends revision 
of the following eleven tentatives as 
indicated: 


Tentative Specifications for: 


D 439 — 49 T."8 Gasoline, revised as follows: 

Table I.—Under the heading “‘Vapor Pres- 
sure, max. psi. at 100 F.”, add a footnote e 
applicable to the 13.5 values in the column 
headed “W”, to read: ““The vapor pressure 
shall be 15.0 psi. in Sections 1 and 2 except 
in March and November in Section 2.” 

Also under the heading “Vapor Pressure, 
max. psi. at 100 F.” add an additional Foot- 
note f applicable to all vapor pressures for all 
types of gasoline listed in Table I to read: 

“f Lower maximum vapor pressures may 
be required for operations at high altitudes or 
where abnormally high fuel system tempera- 
tures are encountered as in some heavy-duty 
equipment (see Section 1 (6)) and in some 
heavy-duty operations.” 

Continue the present motor method octane 
number minimum limits unchanged and delete 
the date (1940) shown under footnote b, 


D 975-48 T.“ Diesel Fuel Oils, revised as ap- 
pended hereto."* 


D 910 — 48 T."* Aviation Gasolines. 

Table I. In part 2, line 4, corrosion (cop- 
per strip), change the second column to read 
“No worse than No. 1 comparison standard;’’ 
also delete the line in the third column reading 
“Section 9(1).’’ Also, in footnote a, delete the 
word “However” in the second sentence. 

Change footnote ¢c to read “The only blue 
dyes which shall be present in the finished fuel 
shall consist essentially of alkylamino or aryl- 
amino derivatives of anthraquinone.”’ 

Change footnote f, sentence 2, to read “The 
balance shall contain no added ingredients other 
than kerosine and blue dye, which shall consist 
essentially of alkylamino or arylamino deriva- 
tives of anthraquinone.” 

Section 9 (e), Net Heat of Combustion.— 
Delete the text of this section and substitute a 
reference to the Standard Method of Test for 
Thermal Value of Fuel Oil (A.S.T.M. Designa- 
tion: D 240).% 

Section 9 (g), Acidity of Distillation Residue. 
—Delete the text of this section and substitute 
a reference to the Tentative Method of Test for 
Acidity of Residue from Distillation of Gasoline 


18 1949 Book of A.S.T.M. Standards, Part 5. 
“4 This revised method was accepted by the Society 
and ap in the 1950 Supplement to Book of ASTM 
Standards, Part 5. 


On PETrRoLEUM Propucts AND LUBRICANTS 


and of Petroleum Solvents (A.S.T.M. Designa- 
tion: D 1093 - 50 

Section 9 (i), Corrosion (Copper Strip).— 
Delete the text of this section and substitute a 
reference to the Tentative Method of Test for 
Free and Corrosive Sulfur in Petroleum Prod- 
ucts, Copper Strip Test (A.S.T.M. Designation: 
D 130-50 T). 

Section 9 (I), Visible Lead Precipitate— 
Delete this section in its entirety, and reletter 
the subsequent paragraphs of Section 9. 

Section 9 (0), Water Tolerance.—Delete the 
text of this section and footnote 12, and sub- 
stitute a reference to the Tentative Method of 
Test for Water Tolerance of Aircraft Fuels 
(A.S.T.M. Designation: D 1094-50 T).% 


Tentative Methods of: 


D 665 — 49 T.* Test for Rust-Preventing Char- 
acteristics of Steam Turbine Oil in the Pres- 
ence of Water, revised as appended hereto. 


D 90-47 T.% Test for Sulfur in Petroleum 
Products by the Lamp-Gravimetric Method. 
Change Section 8 (a) to read as follows: 

“8. (a) Transfer the absorber liquid to a 
400-ml. beaker. Rinse the absorber thoroughly 
with distilled water and add the rinsings to 
the beaker. Filter the solution to remove any 
foreign material, receiving the filtrate in a 
400-ml. beaker having a mark to indicate 
75 ml. Add 2 ml. of HCl, heat to boiling, and 
add 10 ml. of BaCl, solution, either in a fine 
stream or dropwise. Stir the solution during 
the addition and for 2 min. thereafter. Cover 
the beaker with a fluted watch glass and con- 
tinue boiling slowly until the solution has 
evaporated to a volume of approximately 
75 ml. as indicated by a mark on the beaker. 
Remove the beaker from the hot plate (or 
other source of heat) and allow to cool 1 hr. 
before filtering.” 


D 808 - 49 T.* Test for Chlorine in Lubricating 
Oils by Bomb Method. Change title to read: 
“Test for Chlorine in Lubricating Oils and 
Greases by the Bomb Method.” Change 
Section 1 to read as follows: 

“1. This method describes the procedure 
for the determination of chlorine in lubricat- 
ing oils and greases, including new and used 
oil and greases containing additives and addi- 
tive concentrates. Its range of applicability 
is 0.1 to 50 per cent chlorine for oils and 
0.1 to 10 per cent chlorine for greases.” 
Change Section 4 (c) under Reagents to 

read: “Silver Nitrate Solution (50 g. per liter). 

—Dissolve 50 g. of AgNOs in distilled water 

and dilute to 1 liter.” 


18 This method was accepted by the Satay as tenta- 
tive and oy in the 1950 Supplement to Boo 
Standards, Part 5. 
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REPORT OF COMMITTEE D-2 


Change Section 5 (e) under procedure to 
read: “(e) Determination of Chlorine.—Filter 
the solution through a qualitative paper (if 
the solution is cloudy, the presence of lead 


chloride is indicated and the solution should 


_ be brought to a boil before filtering), and collect 

in a second 600-ml. beaker. Add HNOs (1:1) 
drop by drop until acid to litmus. Heat the 
solution to about 140F. (60C.), and while 
protecting the solution from strong light, add 
gradually with stirring a solution of silver 
nitrate (50 g. per liter) until precipitation is 
complete. Heat to incipient boiling and retain 
at this temperature until the supernatant liquid 
becomes clear. Test to insure complete precipi- 
tation by adding a few drops of the silver nitrate 
solution. If more precipitation takes place, re- 
peat the above operation. Allow the beaker 
and contents to stand in a dark place for at 
least an hour. Filter the precipitate 


D 809-44 T.% Chemical Analysis for Phos- 
phorus in Lubricating Oils. Include the follow- 
ing note between title and scope: “The com- 
mittee responsible for the development of this 
method intends to replace it by the more gen- 
erally applicable “Tentative Method of Test 
for Phosphorus in Lubricating Oils, Lubricat- 
ing Oil Additives, and Their Concentrates’ 
(A.S.T.M. Designation: D 1091 - 50 T).’ 


D 1016-49 Test for Determination of 
Purity from Freezing Points. Add new Sec- 
tion 8, n-Hexane, as follows: 

“8. (a) The freezing point is determined 
from freezing curves with the cage stirrer, 
with a cooling bath of liquid nitrogen (or 
liquid air) with a cooling rate of 0.3 to 0.8 C. 
per min. for the liquid near the freezing point, 
and with crystallization induced, immediately 
below the freezing point, by means of a cold rod. 

“(b) A sample of 50 ml. (measured at room 
temperature) is obtained directly from its 
original container by means of a pipet or by 
pouring into a graduated cylinder.” 

“(c) for n-hexane, the freezing point for 
zero impurity, in air at one atmosphere, is: 

ty, = —95.347 + 0.010 C. 

and the cryoscopic constants are: 

A = 0.04975 mole fraction per degree. 
; B = 0.0038 mole fraction per degree.” 

“(d) The cryoscopic constants given in 

Paragraph (c) are applicable to samples of 

n-hexane having a purity of about 95 mole 

per cent or better, with the usual impurities 
and with.no one impurity present in an 
amount which exceeds the composition of its 
eutectic with the major component. 

“(e) The estimated uncertainty in the cal- 
culated value of the purity is as follows, in 
mole per cent: 


Calculated Purity, 


Uncertainty, plus or 
mole per cent 


minus, mole per cent 


Renumber Sections 8 to 19, inclusive, as 
Sections 9 to 20. 

In the new Section 9 on n-heptane, Para- 
graph (c), change the equation to read: 
“tz, = —90.610 + 0.010 C.” 


D 893 - 48 T.% Test for Normal Pentane and 
Benzene Insolubles in Used Lubricating Oils. 
Change Section 1 on scope to read as follows: 

“1. This method of test is intended for the 
determination of normal pentane and benzene 
insoluble matter in used lubricating oil.” 


D 130-49T. Test for Free and Corrosive 
Sulfur in Petroleum Products. Change this 
method as follows: 

In Section 1 on Scope add the word “cer- 
tain” just before the words “other petroleum 
products.” 

Delete in its entirety the Appendix on 
Interpretation of Results. 

Section 7, revise to read as follows: “ 7. 
Interpretation of Results—Report the sample 
as passing the test if the appearance of the 
test strip matches that of the comparison 
standard prescribed by the specifications or is 
similar to the appearance of one of the lower 
numbered comparison standards. The numeri- 
cal and descriptive designations of the recom- 
mended comparison standards are given in 
Table I.” (The accompanying Table II.) 


TENTATIVES CONTINUED WITHOUT 
REVISION 


Committee D-2 recommends that the 
following fifteen tentatives which have 
been published for two years or longer 
without revision be continued in their 
present status: 


Tentative Specifications for: 

D 396 — 48 T. Fuel Oils, 

Tentative Methods of: 

D 874-47 T. Test for Sulfated Residue from 
New Lubricating Oils, 

D 892 - 46 T. Test for Foaming Characteristics 
of Crankcase Oils, 

D 943 - 47 T. Test for Oxidation Characteristics 
of Inhibited Steam Turbine Oils, 

D972-48T. Test for Evaporation Loss of 


Lubricating Greases and Oils, 


(- 
over 99.! 0.05 
P 99.0 to 99 0.06 
af 


D 613 - 48 T. Test for Ignition Quality of Diesel 
Fuels by the Cetane Method, 

D 526 - 48 T. Test for Tetraethyl Lead in Gaso- 

line, 


TABLE IL—A.S.T.M. COPPER STRIP 
CORROSION SCALE. 


Number 


0 No tarnish Almost the same as a 


freshly polished strip. 


1 Slight tarnish® Orange 
2 Moderate tar- Any solid color or combi- 
nish nation of colors,> ex- 


cept those listed else- 
where in this scale. 
Peacock (multi-colored 


3 Dark tarnish 
7 with green but no 


gray). 
4 Slight corrosion | Peacock (multi-colored 
with green and gray). 
Greater | Pronounced 


with brown, or 


than 4 corrosion or without 


* Sometimes referred to as “no more than extremely 
slight corrosion. 


» Solid colors normally vonge through red, lavender 
ave. brassy and sometimes blue in increasing order o! 
thickness of the film deposited on the strip. 


D 875-46 T. Test for Olefins and Aromatics in 
Petroleum Distillates, 

D 611 - 47 T. Test for Aniline Points and Mixed 
Aniline Points of Petroleum Products, 

D 94-48 T. Test for Saponification Number of 
Petroleum Products by Color-Indicator Titra- 
tion, 

D974-48T. Test for Neutralization Value 
(Acid and Base Numbers) by Color-Indicator 
Titration, 

D 445-46T. Test for Kinematic Viscosity, 

D 976-48 T. Test for Color of U. S. Army 
Motor Fuel (All-Purpose) by Means of an 
A.S.T.M. Color Standard, 

D155-45T. Test for Color of Lubricating 
Oil and Petrolatum by Means of A.S.T.M. 
Union Colorimeter, and 

D 855 - 46 T. Analysis of Petroleum Sulfonates. 


ADOPTION OF TENTATIVES AS 
STANDARD 


Committee D-2 recommends that the 
following four tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard, four without 
revision and one with revision as in- 
dicated: 

Tentative Methods of: 


D 971-48 T. Test for Interfacial Tension of 
Oil Against Water by the Ring Method, 

D 942-47T. Test for Oxygen Stability of 
Lubricating Greases by the Oxygen Bomb 


D 973-48 T. Test for Determination of Buta- 
diene Content of Polymerization-Grade Buta- 
diene, and 

D 939 - 47 T. Test for Saponification Number of 

Petroleum Products by Potentiometric Titra- 

tion, with the following revisions: 

Section 8 (c).—Change to read as follows: 

“(¢) Disconnect the condenser and wash 
the exposed condenser and beaker surfaces 
with 10 to 20 ml. of titration solvent.” 

Section 8 (d).—Change to read as follows: 

“(d) While the contents of the saponifica- 
tion beaker are still hot, quickly transfer the 
liquid phase by decantation to a second 
250-ml., tall-form, lipless beaker, rinsing the 
saponification beaker and insoluble residue 
with three 5-ml. portions of titration solvent; 
add the rinsings to the second beaker, cover 
with a watch glass, and cool the beaker and 
contents to room temperature. Add 100 ml. of 
carbon dioxide-free distilled water to the 
original saponification beaker without delay 
after separation and heat just to boiling. 
Cover the beaker with a watch glass and cool 
to room temperature. Titrate the solutions as 
described in Paragraphs (e) and (f) within 
2 hr. after the end of the saponification 
period.” 

Section 8 (b).—Change the second sentence 
to read as follows: 

“Without transfer of the saponification 
solution, cover the beaker with a watch glass, 
cool to room temperature, and titrate with 
0.2 N alcoholic HC] directly in the saponifica- 
tion beaker within 2 hr. after the end of the 
saponification period.” 9 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


Committee D-2 recommends for im- 
mediate adoption revisions in the follow- 
ing three standards, and accordingly 
asks for a nine-tenths affirmative vote 
at the Annual Meeting in order that 
these revisions may be referred to letter 
ballot of the Society: 


Standard Methods of: 


D 240 Test for Thermal Value Fuel Oil, 


revised »s follows: 
Title—Change to read “Test for Heat of 
Combustion of Liquids by Bomb Calorim- 
eter.” 
Section 1.—Change to read: 1. Scope.— 
This method describes procedures for the 


determination of heat of combustion of avia- _ 


tion gasoline and the thermal value of fuel 
oils by means of a bomb calorimeter.” 
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Section 3 (b).—Add the following note: 
“Note 1.—Acceptable procedures for handling 
volatile liquids include those described in the 
following reports: Richards and Barry, 
Journal, Am. Chemical Soc., 37, 993 (1915); 
Jessup, Journal of Research, Nat. Bureau 
Standards, 18, 115 (1937); Proson and Rossini, 
Journal of Research, Nat. Bureau Standards, 
27, 289 (1941); Dean, Williams and Fisher, 
Industrial and Engineering Chemistry, Analyt- 
ical Edition, 16, 182 (1944); LeTourneau and 
Matteson, Analytical Chemistry, 20, 663 
(1948).” 

Section 6.—Change to read as follows: 
“6. (a) Calculate the gross heat of combus- 
tion of the sample by means of the following 
equation: 

Gross Heat of Combustion, Btu. per lb. = 


1.8 (tw — — — &) 
g 


+ 1.6 (& — 25) 


where: 

¢ = corrected temperature rise, degrees Cen- 
tigrade, as calculated in Section 5, 

t, = maximum temperature, degrees Centi- 
grade, reached after firing corrected 
for thermometer errors, 

w = water equivalent of calorimeter, 

é: = corrections, calories, of nitric acid formed 
(230 cal. per g.), 

é: = corrections, calories, of sulfur content 
(1300 cal. per g.) for differences in 
heats of formation of sulfur dioxide 
and aqueous sulfuric acid (see Note 2), 

és: = corrections, calories, for iron firing wire 
(1600 cal. per g.), and 

g = weight of sample in grams. 

Note 2.—This represents an additional 
correction as sulfuric acid has been titrated 
and calculated as nitric acid. 

(6) Report as the thermal value of fuel oil, 
the gross heat of combustion as calculated 
in Paragraph (a). 

(c) Report the net heat of combustion of 
aviation gasoline, calculated from the gross 
heat of combustion by means of the following 
equation: 

Net Heat of Combustion, Btu. per lb. = 
4310 + (0.7195 X gross heat of combustion).” 

Section 7.—Change to read as follows: 
“7. Precision.—Results should not differ from 
the mean by more than the following amounts: 
roducibility 


tor rator 


per cent of mean per cent of mean 
Gross or net 


Heat of 
Combus- 
Btu. 


D 129 - 49.8 Test for Sulfur in Petroleum Prod- 
ucts and Lubricants by the Bomb Method, 
revised as follows: 


Section 1.—Change to read: “1. This meth- 
od describes the procedure for the determina- 
tion of sulfur in petroleum products, including 
lubricating oils containing additives, additive 
concentrates, and lubricating greases, that 
cannot be burned completely in a wick lamp.” 


Section 5(d).—Revise the first sentence to 
read “‘Rinse the interior of the bomb, the oil 
cup, and the inner surface of the bomb cover 
with a fine jet of distilled water, and collect 
the washings in a 600-ml. beaker having a 
mark to indicate 75 ml.” 


Section 5(e).—Revise the first four sentences 
to read: “To the combined washings add 10 
ml. of saturated bromine water and evaporate 
to approximately 200 ml. on a hot plate or 
other source of heat. Adjust the heat to 
maintain slow boiling of the solution and add 
10 ml. of BaCl, solution, either in a fine 
stream or dropwise. Stir the solution during 
the addition and for 2 min. thereafter. Cover 
the beaker with a fluted watch glass and 
continue boiling slowly until the solution 
has evaporated to a volume of approximately 
75 ml. as indicated by a mark on the beaker. 
Remove the beaker from the hot plate (or 
other source of heat) and allow to cool for 
1 hr. before filtering.” 


Section 7.—In the table add a footnote 
reference* referring to ranges of 1.0 to 2.0 
and 2.0 to 3.0, as follows: 

“e For lubricating greases in the range of 
1.0 to 3.0 per cent sulfur the repeatability and 
reproducibility is 0.05 and 0.10, respectively.” 

D 381 - 49.3 Test for Existent Gum in Gasoline, 
revised as appended hereto." 


WITHDRAWAL OF STANDARD 


Committee D-2 recommends the with- 
drawal of Standard Method D 130 - 30, 
Test for Detection of Free Sulfur and 
Corrosive Sulfur Compounds in Gaso- 
line.* 


The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, O. L. Maag. 

_ First Vice-Chairman, L. C. Beard, Jr. 

Second Vice-Chairman, H. M. Smith. 
nie W. T. Gunn. 
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On PETROLEUM PRopUCTS AND LUBRICANTS 


This report has been submitted to Respectfully submitted ~~ of 
letter ballot of the committee, which the committee, 
consists of 95 voting members; 72 : O. L. Maas, 
members returned their ballots, of whom Acting Chairman. 
67 have voted affirmatively and 0 nega- W. T. Gunn, 4 


Secretary. 
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RESULTS OF TESTS ON PROPOSED METHOD FOR DETERMINING 
POUR STABILITY CHARACTERISTICS OF WINTER 


GRADE MOTOR OILS 
SUBMITTED BY SECTION D oF RESEARCH Drvision VII 

vantage of utilizing present A.S.T.M. 
pour test equipmen* and of being per- 


Section D of Research Division VII 
formed in 6 to 8 hr. 


on Cloud and Pour Test (formerly Sub- 
committee XVI) recommends that the 

2. Based on field test data, it repre- 
sented a definite improvement over the 


appended Proposed Method of Test for 
present A.S.T.M. Method D97 as a 


~_ 


Determining Pour Stability Character- 
istics of Winter Grade Motor Oils be 


, = 
= 


published as information only. 

The inadequacy of the A.S.T.M. 
Method of Test for Cloud and Pour 
Points (D 97 - 39)! in predicting the 
pour point stability of winter grade 
lubricating oils containing pour point 
depressants has long been recognized. 
Accordingly, the members of this section 
have been concerned for a number of 
years with the development of a labora- 
tory test capable of more accurately pre- 
dicting the pour point stability of such 
oils. The first method developed and 
published as information only was a 
Proposed Method of Estimating Maxi- 
mum Pour Points of Lubricating Oils 
Containing Pour Point Depressants.” 
Field data on the 19 reference oils under 
study were too limited at that time to 
permit a suitable correlation with labo- 
ratory test results. Cooperative field 
testing by three laboratories was con- 
tinued, and a complete summary of field 
and laboratory tests was published in 
1946.8 

The conclusions from the work to that 
point were: 

1. The proposed method had the ad- 


Pr 


(1945). 

Giammaria, “Laboratory Determined Pour 
Points of Lubricating Oils as Related to Ability to Flow 
Under Field Storage Conditions,’”” ASTM Buttetin, No. 
138, January, 1946, p. 44. 
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means of predicting pour point stability. 
Correlation, based on approximately 
10 F. agreement between field and labo- 
ratory results, showed 63 per cent agree- 
ment with the proposed test and only 
10 per cent with A.S.T.M. Method D 97. 

3. The method appeared to be quite 
consistent in giving warning in the case 
of very unstable oils. 

4. The proposed method had a defi- 
nite limitation in that it failed to indi- 
cate the relative performance of a series 
of oils when maximum pour points were 
compared with frequency of solidifica- 
tion in the field. For example, one oil 
may have been solid once or twice in the 
field while another oil may have been 
solid 300 times, yet the test tended to 
rate them equally poor. In other words, 
too many oils which normally show good 
field performance failed in the test. 
This has been observed repeatedly by a 
number of the section members who 
have conducted extensive tests on other 
than the reference oils. 

In addition to the published conclu- 
sions, it has been observed that increas- 
ingly lower pour points can be obtained 
in the proposed maximum pour point 
test by increasing the dosage of pour 
point depressant above that required for 
a specified A.S.T.M. pour point. How- 
ever, these improved laboratory blends may 
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give poor pour stability performance in 
the field. In other words, with certain 
pour point depressants, the use of the 
proposed test as a guide for required con- 
centration for desired pour stability may 
furnish misleading information and result 
in a compounded oil which is inferior 
in pour stability in the field to one con- 
taining a smaller concentration of pour 
depressant. 

In view of the limitations of the pro- 
posed Maximum Pour Point Method, 
work has continued on an improved 
method based on slower cooling and 
warming rates during temperature 
cycling. A method which showed promise 
was first presented at the S.A.E. Na- 
tional Fuels and Lubricants Meeting on 
November 7, 1946, and was published 
in 1947.* This proposed method has been 
under study by the members of this sec- 
tion during the past several years and 
the results of these studies are published 
at this time for information. 

The first cooperative work on the 
method was carried out by two labora- 
tories having suitable equipment. The 
method was applied to the 19 original 
reference oils and four additional oils 
which were submitted in 1946. The 
available results on these 23 oils by the 
latest proposed method are shown in 
Table I, together with A.S.T.M. cloud 
points, A.S.T.M. pour points, maximum 
pour points, and complete field tests. 
The oils have been arranged in order of 
their field performance based on the fre- 
quency of solidification over a 5-yr. field 
testing period. The frequency of solidi- 
fication is important in classifying the 
oils. Thus, oils HC-1 to PL-246 may be 
considered as definitely unstable oils, 
having shown solid points at most of 


4 J. G. McNab, D. T. Rogers, A. E. Michaels, and C. E. 

Beton, “The Pour Stability Characteristics of Winter 

Motor Oils,” S A E gg Transactions, Vol. 2, 

No. 1, January, 1948, p. 34; C. E. Hodges and D. T. Rogers, 

“Some New Aspects of Pour Depressant Treated Oils,” 
The Oil and Gas Journal, Vol. 46, October 4, 1947, p. 89. 


the stations at some time. However, oils 
HC-2 to IC-5 are oils of good stability, 
considering the length of the field tests 
and the low frequency of solidification. 
For example, reviewing the field history 
of oil HC-2, it was found that the solid 
point shown occurred only at two sta- 
tions during the winter of 1943-1944, 
the oil being fluid at all other stations at 
all times for the remainder of the test. 
Similarly, oil HC-3 was reported solid 
at +20F. only twice at one station 
during the entire field test. If a correla- 
tion between field and laboratory results 
is based strictly on the highest field solid 
points, it is seen that both the previous 
and currently proposed tests are in 
fairly good agreement with the field 
tests. Based on agreement within ap- 
proximately 10 F., the maximum pour 
points agree with the field test results 
in 16 of 23 cases (including No. 8). With 
the currently proposed method, cycle A 
agrees in 13 of 22 cases, cycle C in 14 of 
23 cases. Using the highest stable pour 
point obtained in either of the two cycles, 
agreement occurs in 17 of 23 cases. 
Average results for cycle A or cycle C 
were not used because of the limited 
number of tests. Average results for 
combined cycle A and cycle C tests were 
not used because of the nature of the 
tests, the cycle A test being particularly 
applicable for high cloud point oils (4-24 
F. to +40 F.) and the cycle C test for 
low cloud point oils (+24 F. and lower). 

Referring again to the frequency of 
solidification as a means of classifying 
the test oils into two classes, stable and 
unstable, it is seen that a combination of 
the two cycles gives a more practical pre- 
diction of field performance. With oils 
HC-1 to PL-246, which may be con- 
sidered very unstable oils, both the 
maximum pour test method and the 
current proposed method generally pre- 
dict this instability. In the group HC-2 
to IC-5, which are considered oils of good 
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stability, the maximum pour test method 
fails to indicate the relatively good pour 
stability of oils HC-2, 17, HC-3, HC-12, 
and possibly IC-5. Thus, both methods 
appear to be equally accurate in pre- 
dicting the behavior of very unstable 
oils, but the currently proposed method 
appears to give a fairer indication of the 
field performance to be expected of oils 
of good pour stability. 

During the past year, a new series of 16 
test oils was distributed to seven cooper- 
ating laboratories for further testing. 
A.S.T.M. cloud points, A.S.T.M. pour 
points, and maximum pour points as re- 


the data indicate that the degree of 
reproducibility is comparable to that of 
the maximum pour point method The 
results in Table I indicate reproducibility 
between laboratories within 10F. for 
either cycle A or cycle C, with the excep- 
tion of results on oils 14 and 46-284. 
This is also indicated, with a few excep- 
tions, by the data in Table II. The 
repeatability of the test based on dupli- 
cate runs in laboratory A only was 
within 5 F. in all but one case, as shown 
in Table II. 

The general opinion of the section 
members relative to the merits of the 


TABLE ITII.—AVERAGE POUR TESTS BY VARIOUS METHODS. 
(From Table IT) 
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ported by five of the laboratories, and cy- 
cle A and cycle C results by the appended 
method reported from three laboratories, 
are shown in Table II. Average pour tests 
by the various methods are summarized 
in Table III. Field tests on the new series 
of oils are not yet available. It is obvious 
from the data in Table III that the 
maximum pour test method is much 
more severe than the currently proposed 
method. Results of current field tests on 
the new series of oils must be awaited 
to establish further the relative merits 
of the two proposed tests. 

Although the number of tests run on 
each sample by different laboratories by 
the latest proposed method is limited, 


appended method is that the test is more 
useful than either the A.S.T.M. Method 
D 97 or the previously proposed Maxi- 
mum Pour Point Method as a means of 
classifying a given oil relative to pour 
point stability. The test is admittedly on 
the mild side, which may result in its 
occasionally passing an oil of borderline 
stability. However, this is offset by its 
more accurate prediction of definitely 
stable oils. The term prediction should 
probably be interpreted as meaning an 
indication of a tendency to revert rather 
than an actual pour point value. 

The pour reversion work of the section 
members with both the reference oils and 
a wide variety of other oils has empha- 
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sized the inadequacy of A.S.T.M. 
Method D 97 for predicting the pour 
points of oils, containing pour poin} 
depressants, under conditions of field 
storage. While Method D 97 satisfac- 
torily predicts the storage characteristics 
of oils not containing pour point depres- 
sants, it can be misleading in the case of 
oils containing pour point depressants 
due to the phenomenon of reversion. 
_ It is hoped that the publication for in- 
formation of the attached method will 
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result in its wider use in predicting the 
performance, under field conditions, of 
oils containing pour point depressants. 
It also should be of assistance to lubri- 
cating oil manufacturers in evaluating 
the relative merits of pour point depres- 
sants. 


Respectfully submitted on behalf of 
Section D of Division VII, 


J. GIAMMARIA, 
Chairman. 
4, ae - Wee | 
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Scope 

1. This method is intended for the 
determination of three hydrocarbon types 
in Diesel fuels, namely: paraffins plus 
naphthenes, non-aromatic olefins, and 
aromatics (Note 1). The method is 
applicable to hydrocarbon mixtures from 
petroleum, both straight run and cracked 
in the boiling range 400 to 700 F. (205 
to 371°C.) as determined by A.S.T.M. 
Method D 158, Test for Distillation of 
Gas Oil and Similar Distillate Fuel 
Oils.* 

Nore 1.—The term aromatics as used in 
this method includes both monocyclic and poly- 
cyclic aromatic compounds and also sulfur, oxy- 
gen, and nitrogen compounds that may be asso- 


ciated with the oil. According to the method 
described these compounds will remain with 


the aromatic portion of the oi), —_ 


Outline of Method 


2. A sample is diluted with an equal 
volume of pentane, percolated through a 
fixed quantity of silica gel, and the gel 
washed with pentane until the refractive 
index of the percolate approaches closely 
the refractive index of the pentane. 
Desorption of the aromatic portion 
with benzene and methyl alcohol is then 


1 This proposed method is under the jurisdiction of 
the A.S.T.M. Committee D-2 on Petroleum Products 
and Lubricants. 

2 Published as information, June, 1950. 

3 Appears in this publication, see Contentsin Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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accomplished. With the refractive index 
of pentane as an indication of cut point, 
two fractions are collected. The first 
fraction washed through with pentane 
contains the paraffins, naphthenes, and 
non-aromatic olefins. The second fraction 
obtained by desorption with benzene 
and methyl alcohol contains all the 
aromatics and aromatic olefins, and most 
of the non-hydrocarbons. As this pro- 
cedure is used on fractions boiling above 
400 F. (205 C.), it is relative:y easy to 
distill the solvents (pentane, benzene, 
and methy! alcohol) from the separated 
fractions using a special stripping ap- 
paratus. Quantitative recovery of the 
separated hydrocarbon types is possible 
To obtain the content of non-aromatic 
olefins, a portion of the paraffin-naph- 
thene fraction is tested according to 
A.S.T.M. Method D 875, Test for Ole- 
fins and Aromatics in Petroleum Dis- 
tillates.? As the aromatics have been re- 
moved, the contraction obtained by acid 
absorption will represent the non-aro- 
matic olefins in the paraffin and naph- 
thene fraction. (Note 2). 


Nore 2.—The bromine number method is 
not recommended for the determination of 
olefins because of (a) the uncertainties of the 
bromine number determinations in the higher 
molecular weight hydrocarbons, and (b) the 
uncertainty of the molecular weight of the 
olefins present. The latter value is necessary 
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to calculate the volume as percentage of olefins 


from bromine number. lp 


Apparatus 
3. (a) Adsorption Column.—A column 
for silica gel consisting of a glass tube 


5 cm. in inside diameter by 120 cm. in 
length with a stopcock at the bottom. 


side arm in the center opening of the 
flask, and a thermometer in the third 
opening. The side arm connects to a 
condenser and thence to a 250-ml. filter 
flask. A heating mantle is used on the 
round-bottom flask. A vacuum pump 
or aspirator is necessary. A suitable 
assembly is shown in Fig. 1. 


GLass 


tak BEADS 


Fic. 1.—Solvent Stripper. 


(b) Graduates.—Several 1-liter grad- 
uates. 

(c) Stripping Apparatus.—The strip- 
ping apparatus consists of a 250 ml. 
three-neck round-bottom flask equipped 
with a 250-ml. separatory funnel in one 
neck, a short (16 cm.) bead-packed 
column with cold condenser and 


(d) Refractometer—A refractometer 
capable of measuring refractive indices 
reproducible to 0.0002. 

(e) Balance—A laboratory balance 
suitable for weighing the samples to 
plus or minus 0.05 g. 

(f) Pycnometer or Westphal Balance. 
—The pycnometer described in A.S.T.M. 
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Method D 941, Measurement of Density 
of Hydrocarbon Liquids by the Pycnome- 
ter, is suitable, or, alternatively, a 
Westphal balance read to the fourth 
place may be used. 


Reagents 

4. (a) Silica Gel. Silica gel between 
28 to 200 mesh. Its adsorptive capacity 
should be such that on percolation of 20 
ml. of a standard mixture, 20 per cent 
benzene and 80 per cent methylcyclo- 
hexane, through 10 g. of gel in a 20 mm. 
inside diameter column, no less than 5 
ml. of aromatic-free filtrate would be 
obtained as determined from the re- 
fractive index of the first 5-ml. portion 
of the filtrate. 

(b) Solvents—Commercial grade nor- 
mal or isopentane. Benzene and methyl 
alcohol, such as a c.p. quality and free 
from high-boiling residual material. 
Methyl alcohol may require redistillation 
to remove small quantities of water that 
interfere in the recovery of the oil. 


Procedure 


5. (a2) Tamp a small wad of glass 
wool into the bottom of the glass column. 
Weigh out 1 kg. of silica gel and introduce 
it into the column, tamping the column 
as it is charged to minimize one cause of 
channeling of the sample. 

(6) Weigh 100 +1 ml. of sample with 
an accuracy of 0.05 g. and dilute with 
100 ml. of pentane. 

(c) Introduce 500 ml. of pentane into 
the column and open the bottom stop- 
cock. 

(d) When the pentane just disappears 
into the gel, add the diluted sample, with 
care that none of the oil sample is lost 
(the sample container should be rinsed 
with small portions of pentane). 

(e) As the liquid level falls to the 
level of the gel, add two 500-ml. portions 
of pentane, being careful not to disturb 
the surface of the gel, and then as many 
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200-ml. portions of pentane as necessary 


(see Paragraph (g)) to displace the 
adsorbed non-aromatic hydrocarbon por- 
tion from the gel, and collect the perco- 
late in a graduated receiver. Regulate the 
flow at 7 + 1 ml. take-off per minute. 

(f) Collect 1-ml. samples of the perco- 
late (for refractive index measurements) 
after 100 and 1000 ml. of percolate are 
collected, and at 100-ml. intervals there- 
after, until the refractive index is within 
0.0002 of the first refractive index 
measured, that of the pentane itself, 
which was measured after the first 100 
ml. of percolate were collected. 

(g) Stop the addition of pentane to 
the top of the column when the refractive 
index of the percolate is within 0.0002 
of the refractive index of the pentane. 
Then start the desorption of aromatics 
by adding a mixture of 400 ml. of ben- 
zene, plus 100 ml. of methyl alcohol. 
Follow this with two 500-ml. portions 
of methy! alcohol to complete the 
desorption. 

(4) Two interfaces appear as the ad- 
sorption proceeds in the column, the 
lower interface indicating the position of 
the benzene front, and the more pro- 
nounced upper interface showing the 
position of the methyl alcohol. When 
the lower interface is three-fourths of the 
way down the column, change the re- 
ceiver, and begin the collection of the 
second or aromatic fraction. The volume 
of the first or non-aromatic fraction is 
usually between 1600 and 2000 ml. 

(i) The rate of flow of percolate may 
decrease during the collection of the 
second fraction, even though the stopcock 
is fully opened. While the adsorption 
column is draining, prepare the stripping 
apparatus for use, and obtain separate 
tare weights on the 250-ml. round-bottom 
flask and the column without a con- 
denser. 

(j) Introduce the percolates contain- 
ing the non-aromatic oil into the separa- 


3 
| 
? 
f, 
a 
J 


© 


Pir, 
a 


274 Reporr ¢ or CommirTEE D-2 (APPENDIX I) 


tory funnel of the stripping apparatus, 
leaving the stopcock open until the 
flask is half filled with the solvent-sample 
mixture. For convenience in handling 
and to avoid sample losses, a “wash 
bottle” with rubber pressure bulb is 
convenient for transferring the sample 
to the separatory funnel reservoir. Apply 
heat using a hemispherical mantle and a 
variable transformer. Adjust the position 
of the cold finger to give a small amount 
of reflux (a minimum of about 20 drops 
per minute) and adjust the heat input to 
give an initial take-off of from 500 to 
1000 ml. per hr. Use a filter flask as a 
receiver. 

(k) As the separatory funnel empties, 
refill with sample until all the percolate 
has been entered. Wash the transfer 
container and separatory funnel with a 
few rinses of pentane. Keep the tem- 
perature of the material in the flask 
constant until boiling almost ceases. At 
this point, use an empty filter-flask as the 
solvent receiver and apply vacuum (a 
water aspirator is a suitable source of 
vacuum) continuously at the filter-flask 
connection. After boiling, induced by the 
pressure reduction, almost ceases, in- 
crease the heat until the oil is again 
brought to a boil or to about 250F. 
(121 C.), and then remove the heater 
from the flask. 

(2) Weigh the cooled flask and column 
separately to 0.05 g. Connect the flask 
to the open column and heat on a water 
bath at 80 C. for 1 hr. The loss in weight 
during this operation will ordinarily 
not exceed 0.2 g. if the stripping was 
complete. If the loss is high, repeat the 
heating on the water bath until the loss 
is less than 0.2 g. If the weight of oil in 
the column is greater than 0.5 g., pass the 
stripped sample through the column to 
obtain a representative sample for physi- 
cal property determinations. Record the 
sum weight of the oil in the flask and 
column as Py. 


(m) Treat the fractions from the 
desorption with benzene and methy! 
alcohol in a similar manner in the strip- 
ping unit. If on stripping the aromatic 
portion methanol remains on the beads 
under the reduced pressure, remove it 
while the oil is actively boiling by apply- 
ing heat from an infrared lamp to the 
column until the methanol has evapo- 
rated. The last fraction obtained some- 
times contains fines from the silica gel, in 
which case filter this portion into the 
separatory funnel and then wash filter 
with pentane. Record the weight of this 
portion as Ay. 

(nm) Determine the density of the non- 
aromatic portion, and of the aromatic 
portion. Record these densities as D, and 
D,, respectively. 

(0) Test two 10-ml. portions of the 
non-aromatic portion for olefins accord- 
ing to A.S.T.M. Method D 875.- Record 
the unreacted or residual volume as R. 


6. (a) Calculate the volumes of the 


aromatic and non-aromatic portions as 


follows: ad 


milliliters of portion, 

grams of aromatic portion, 

density of aromatic portion, 

milliliters of non-aromatic por- 
tion, 

grams of non-aromatic portion, 
and 

= density of non-aromatic portion. 


(b) Calculate and report the volume 
per cent of (1) soquetn, (2) non-aro- 
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matic olefins, and (3) paraffins plus 
naphthenes, as follows: 


100A, 


Ay 
_ (100 10R — C)P, 


A = volume per cent of aromatics, 
volume per cent of non-aro- 
matic olefins, 
PN = volume per cent of es a 
naphthenes, 


at 


R = milliliters of unreacted paraffin- 
naphthene portion (A.S.T.M. 
Method D 875), and 

C= correction factor (A.S.T.M. 
Method D 875). 


Precision 


7. Results should not differ from tin 
mean by more than the following 
amounts: 


Repeatability Reproducibility 
Different 


Operators 
and Apparatus 


Pp: 
thenes, 65 to 85... 
Aromatics, 35 to 15.. 
Non-aromatic ole- 
fins, up to 5 


+1.2 
+1.0 


teow 
| 
0.6 +0.9 | 


1. (a) This method is intended for 
the determination of the bromine num- 
ber of petroleum distillates that are 
substantially free of material lighter 
than isobutane and that have 90 per 
cent distillation points under 620 F. 
The method is generally applicable to 
materials that fall within the following 
limits: 
A.S.T.M. 90 per cent 


Distillation Point, 


40 

(b) Because of the variable reactivity 
of olefins, the bromine number ob- 
tained on various petroleum distillates 
is not an absolute measure of the olefins 
present but rather a criterion of certain 
properties of the material tested. It is 
known that high bromine numbers are 
obtained with polymer gasolines and 
those containing highly branched olefins 
or diolefins. Also, samples containing 
anthracene-type aromatics, sulfur, oxy- 
gen, and nitrogen compounds react to a 
certain extent with bromine under the 
conditions of the test. Thus, when bro- 
mine numbers are converted to olefins, 
the values obtained may not be definite 
and may vary from case to case unless 
the composition of the material tested 
is well established. 


1 oo proposed method is under the jurisdiction of the 
A.S.T.M. Committee D-2 on Petroleum Products and 
Lubricants. vaened as information, October 1949; 
Revised, June, 1950. 


Definition 


i i Bromine Number, 
Fahr. max. 


Be PROPOSED METHOD OF TEST FOR BROMINE NUMBER OF 
PETROLEUM DISTILLATES (COLOR INDICATOR 


i. 4 This is a proposed method and is published as information only. 


2. Bromine N itie is the number of 
grams of bromine consumed by 100 g. 
of the sample when reacted under given 
conditions. 


Outline of Method 


3. The sample, dissolved in carbon 
tetrachloride, is treated at room tem- 
perature with an excess of bromide - 
bromate solution in the presence of 
glacial acetic acid. The excess bromine 
is reduced with potassium iodide and 
the liberated iodine determined by titra- 
tion with sodium thiosulfate solution. 


Apparatus 


4. Iodine Number Flasks, 500-ml., 
glass-stoppered, will be required. 


Reagents 


5. Unless otherwise indicated, it is 
intended that all reagents shall conform 
to the specifications established by the 
Committee on Analytical Reagents of 
the American Chemical Society, where 
such specifications are available. Refer- 
ences to water shall be understood to 
mean distilled water. 

(a) Carbon Tetrachloride.—Make blank 
determinations on 5-ml. portions of each 
lot of carbon tetrachloride as described 
in Section 7 (c). 

(b) Acetic Acid, Glacial. 

(c) Bromide - Bromate Solution (Stand- 
ard 0.5 N).—Dissolve 51.0 g. of KBr 
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and 13.92 g. of KBrO; (or the equivalent 
44.1 g. of NaBr and 12.58 g. of NaBrO;) 
in water and dilute to 1 liter. To stand- 
ardize, place 50 ml. of glacial acetic acid 
and 1 ml. of HCl (sp. gr. 1.18) in a 
500-ml. iodine number flask. Chill the 
solution in an ice bath for approximately 
10 min. and, with constant swirling of 
the flask, add from a 10-ml. calibrated 
buret 5 + 0.01 ml. of bromide - bromate 
solution at the rate of 1 or 2 drops per 
second. Stopper the flask immediately, 
shake the contents, place it again in the 
ice bath, and add 5 ml. of KI solution 
in the lip of the flask. After 5 min., 
remove the flask from the ice bath and 
allow the KI solution to flow into the 
flask by slowly removing the stopper. 
Shake vigorously, add 100 ml. of water 
in such a manner as to rinse the 
stopper, lip, and walls of the flask, and 
titrate promptly with Na,S,0; solution. 
Near the end of the titration, add 1 ml. 
of starch indicator solution and titrate 
slowly to disappearance of the blue 
color. Calculate the normality of the 
bromide-bromate solution as follows: 


Normality of bromide - bromate solution 


ml. of X normality of Na:S.0; 
5 


Repeat the standardization until dupli- 


cate determinations do not differ from 
the mean by more than plus or minus 
0.002 NV. 

(d) Potassium Iodide Solution (150 
g. per 

(e) Sodium Thiosulfate Solution 
(Standard 0.1 N).—Dissolve 25 g. of 
NazS,03-5H,O in water and add 0.01 g. 
of Na,CO; to stabilize the solution. 
Dilute to 1 liter and mix thoroughly by 
shaking. Standardize by any accepted 
procedure that determines the normality 
with an error not greater than plus or 
minus 0.0002. Restandardize at intervals 
frequent enough to detect en of 
0.0005 in normality. 


(f) Starch Solution.—Triturate 5 g. of 
arrowroot starch and 5 to 10 mg. of 
Hgl, with 3 to 5 ml. of water. Add the 
suspension to 2 liters of boiling water 
and boil for 5 to 10 min. Allow to cool 
and decant the clear, supernatant 
liquid into glass-stoppered bottles. 


Check Procedure 


6. In case of doubt in applying the 
procedure to actual samples, the 
reagents and technique should be 
checked by means of determinations on 
freshly purified cyclohexene and diiso- 
butene. Make the tests according to 
the procedure described in Section 7, 
using as a sample either 0.5 to 1 g. of 
freshly purified cyclohexene or diiso- 
butene (see Table II) or 8 to 10 g. of 
10 per cent by weight solutions of these 
materials in carbon tetrachloride. If 
the reagents and technique are correct, 
values within the following ranges 
should be obtained: 


Standard Bromine Number 
Cyclohexene, purified (Notes 1 and2). 191 199 (Note 3) 
samen, 10 per cent solution.... 19 to 20 

Diisobutene, purified (Notes 1 and 2. 142 to 148 (Note 3) 
Diisobutene, 10 per cent solution.... 14to 15 

Note 1.—Purified samples of cyclohexene 
and diisobutene may be prepared from East- 
man cyclohexene, No. 1043, and Eastman diiso- 
butene, No. P2125, by the following procedure: 

Add 65 g. of activated silica gel (28 to 200 
mesh)? to a column approximately 16 mm. in 
inside diameter and 760 mm. in length, which 
has been tapered at the lower end and which 
contains a small plug of glass wool at the bot- 
tom. A 100-ml. buret, or any column that will 
give a height-to-diameter ratio of the silica gel 
of at least 30:1, will be suitable. Tap the column 
during the addition of the gel to permit uniform 
packing. 

To the column add 30 ml. of the olefin to be 
purified. When the olefin disappears into the 
gel, fill the column with methanol. Discard the 
first 15 ml. of percolate and collect the next 10 
ml., which is the purified olefin for test of the 
bromine number procedure. Determine and 
record the density and refractive index of the 
purified samples at 20 C. Discard the remaining 
percolate. 


*Silica gel satisfactory for this purpose can be ob- 
tained from the Davison Chemical Corp., Baltimore, Md. 
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Caution.—If distillation of these olefins is 
employed as a pre-purification step, at least 10 
per cent residue should remain in the distilla- 
tion flask to minimize the hazards from decom- 
position of any peroxides that may have been 
present. 

Note 2.—The reference olefins yielding the 
above results are characterized by the proper- 
ties shown in Table I. 

Notre 3.—The theoretical bromine numbers 
of cyclohexene and diisobutene are 194.8 and 
142.3, respectively. Diisobutene typifies a reac- 
tive type olefin which undergoes bromine sub- 
stitution easily and usually gives bromine num- 
ber values 2 to 6 units higher than theoretical 
by the check procedure. This condition is recog- 
nized with disfavor but considered acceptable 
for most routine testing of material in this cate- 
gory. 

The theoretical value of diisobutene may be 
more closely approached by rigid control of the 
time schedule and excess bromine concentra- 
tion to the minima permitted by the detailed 
procedure. It is to be expected that the accuracy 


TABLE I.—PHYSICAL ae OF 


PURIFIED OLE 
Boiling Poi Re- 
‘oint rac- 
Compound deg. Cent at20C., tion, D 
} Line at 
20 
Cyclohexene...... 82.5 to 83.5 0.8100 | 1.4465 
Diisobutene. ..... soi to 102.5 { | 


of the bromine number determination for the 
reactive type olefins will be improved as the 
check procedure with diisobutene approaches 
the theoretical value of 142.3. 


Procedure 


7. (a) Place 10 ml. of carbon tetra- 
chloride in a 50-ml. volumetric flask 
and, by means of a pipet, introduce a 
quantity of sample as indicated in Table 
II (Note 4). Either obtain the weight 
of sample introduced by difference be- 
tween the weight (to the nearest milli- 
gram) of the flask before and after 
addition of sample or, if the density is 
known accurately, calculate the weight 
from the measured volume. Fill the 
flask to the mark with carbon tetfa- 
chloride and mix well (Note 5). Pipet a 
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5-ml. aliquot of the solution into a 
500-ml. iodine number flask containing 
50 ml. of glacial acetic acid. 


Note 4.—Frequently, the order of magnitude 
of the bromine number of a sample is unknown. 
In this case, a trial test is recommended using 
a 2-g. sample in order to obtain the approximate 
magnitude of the bromine number. This explora- 
tory test is to be followed with another deter- 
mination using the appropriate sample size as 
indicated in Table II. 

Nore 5.—The dilution of the sample may be 
made with glacial acetic acid in place of carbon 
tetrachloride if desired. If the dilution of the 
sample is made with glacial acetic acid, the 5-ml. 
aliquot should be added to an iodine number 
flask containing 45 ml. of glacial acetic acid and 
5 ml. of of carbon tetrachloride. 


(6) Shield the flask from exposure 
to direct sunlight and keep it at a tem- 


TABLE II.—SAMPLE SIZE, 


Bromine Number Sample Size, g. 
20 to 16 
2 to 1.5 


perature of 25 + 5 C. Add bromide - 
bromate solution from a buret at a rate 
of 1 to 2 drops per second, swirling the 
flask constantly during the addition. 
Continue adding the reagent until the 
reaction mixture assumes a yellow color 
(Note 6) that remains for at least 5 sec. 
Add an additional 1 ml. of the reagent 
as quickly as possible, stopper the flask, 
and continue swirling immediately for 
40 + 5 sec. At the end of this period, 
place 5 ml. of KI solution in the lip of 
the flask and lift the stopper, allowing 
the solution to flow slowly into the 
flask. Replace the stopper, shake vigor- 
ously, add 100 ml. of water, and shake 
again for 1 min. Titrate promptly with 
NazS,0; solution. Near the end of the 
titration, add 1 ml. of starch indicator 
solution and titrate slowly to disappear- 
ance of the blue color. Discard the test 
if the back-titration is less than 5 ml. or 
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greater than 10 ml. of NaS,O; solution 
(Note 7). 


Nore 6.—The yellow color produced should 
be equivalent to that obtained by adding 0.5 
ml. of bromide - bromate solution to 50 ml. of 
glacial acetic acid and 5 ml. of carbon tetra- 
chloride in a similar flask. 

Note 7.—In certain cases, notably high- 
boiling samples, it is impossible to meet the 
requirements of a 5 to 10-ml. NasS:0; back- 
titration; in such cases, the results are inde- 
terminate. 


(c) Blanks——Make duplicate blank 
determinations on each lot of reagents by 
repeating the entire procedure but using 
5 ml. of carbon tetrachloride in place of 
the sample (Note 8). 


Note 8.—In routine work, no correction need 
be applied so long as the blank does not exceed 
0.02 milliequivalent of bromine. For work of 
highest accuracy, a correction should be applied 
if the blank exceeds 0.01 milliequivalent. The 
correction shall be made by subtracting from the 
term (VV - om) in Section 8 the milliequivalents 
of bromine consumed by the volume of carbon 
tetrachloride actually present in the 5-ml. 
aliquot of sample solution used in the analysis. 
This volume may vary from 2.5 to 4.9 ml., 
depending upon the quantity of sample used. 


Calculation 


8. Calculate the bromine number of 
the sample as follows: 


VN — 7.99 
Bromine number = ( m x 


where: 


V = milliliters of bromide - bromate 
solution added to the sample, 

N = normality of the bromide - 
bromate solution, 

milliliters of NagS,0; solution 

used for the back-titration, 

n normality of the NagS,O; solu- 
tion, and 

W = grams of sample represented by 
the aliquot used. 


Precision 
9. Results should not differ from the 


mean by more than the following 
amounts: 


A.S.T.M. 90 
per cent R of 
Distillation 
Point, Brom: umber 
deg. Fahr. 


Under 400 


ver 10 to 20 


400 to 620 { 


4 
R 
£4 
ability, | bility, 
One Dif- 
ratus Appa- eye 
ratus 
3 6 | 


Scope 


1. (a) This method is intended for 
the determination of the bromine num- 
ber of petroleum distillates that are sub- 
stantially free of material lighter than 
isobutane and that have 90 per cent 
distillation points under 620 F. The 
method is generally applicable to mate- 
rials that fall within the following limits: 


AS.T.M. 90 per cent 


Distillation Point, ‘ Bromine number, 


deg. Fahr. max. 
40 


(b) Because of the variable reactivity 
of olefins, the bromine number obtained 
on various petroleum distillates is not an 
absolute measure of the olefins present 
but rather a criterion of certain properties 
of the material tested. It is known that 
high bromine numbers are obtained with 
polymer gasolines and those containing 
highly branched olefins or diolefins. Also, 
samples containing anthracene-type aro- 
matics, sulfur, oxygen, and nitrogen com- 
pounds react to a certain extent with 
bromine under the conditions of the test. 
Thus, when bromine numbers are con- 
verted to olefins, the values obtained 
may not be definite and may vary from 


proposed method is under the jurisdiction of the 
AST ye D-2 on Petroleum Products and 
Le Published as information, October 1949; Re- 


PROPOSED METHOD OF TEST FOR BROMINE NUMBER OF 
PETROLEUM DISTILLATES (ELECTROMETRIC METHOD)! 


This is a proposed method and is published as information only. 


Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 
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case to case unless the composition of the as 

material tested is well established. 7 

Definition m 
2. Bromine Number is the number of 

grams of bromine consumed by 100 g. of 

of the sample when reacted under given fo 

conditions. of 

te 

Outline of Method m 

3. The sample is dissolved in a speci- = 

fied solvent and titrated with bromide- 8 
bromate solution at 0 to 5 C. The end 

point is indicated by a dead-stop elec- = 

trometric titration apparatus. 

Apparatus 

4. (a)Dead-Stop Electrometric Titra- C 
tion Apparatus.—The method as writ- 

ten is based on the use of the electric eye pI 

titrimeter described in the Supplement.” al 

Any other dead-stop apparatus may be m 


used with approximately 0.5 v. across 
the two platinum electrodes and capable th 
of measuring the potential across the 


electrodes with a sensitivity of plus or 4 
minus 50 mv. he 

(6) Titration Cell—A 150-ml. glass 1 
vessel jacketed to permit cooling with tis 
ck 


2An electric eye titrimeter conforming to these re- 
uirements may be obtained from the Berkeley Scientific ar 
‘o., Richmond, Calif. A Beckman Model H 
with adapter No. 700-1 
this purpose. 


-2 pH meter, 
, has also been found satisfactory ra 
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ice water shall be used. The pair of plati- 
num wire electrodes shall be mounted to 
extend well below the liquid level. Stir- 
ring shall be by means of a mechanical 
stirrer and shall be rapid but not so 
vigorous that air bubbles are drawn 
down to the electrodes. 

Reagents 


5. Unless otherwise indicated, it is 
intended that all reagents shall conform 
to the specifications established by the 
Committee on Analytical Reagents of 
the American Chemical Society, where 
such specifications are available. Refer- 
ences to water shall be understood to 
mean distilled water. 

(a) Titration Solvent.—Prepare 1 liter 
of titration solvent by mixing the 
following volumes of materials: 714 ml. 
of glacial acetic acid, 134 ml. of carbon 
tetrachloride, 116 ml. of methanol, 18 
ml. of H:SO, (1:5), and 18 ml. of a 
methanol solution of HgCl, (100 
g. per 

(b) Bromide - Bromate Solution (Stand- 
ard 0.500 N).—Dissolve 51.0 g. of KBr 
and 13.92 g. of KBrO; in water and 
dilute to 1 liter in a volumetric flask. 


6. In case of doubt in applying the 
procedure to actual samples, the reagents 
and techniques should be checked by 
means of determinations on freshly puri- 
fied cyclohexene and diisobutene. Make 
the tests according to the procedure de- 
scribed in Section 7, using as a sample 
either 1.5 to 2 g. of freshly purified cyclo- 
hexene or diisobutene (see Table II) or 
15 to 20 g. of 10 per cent by weight solu- 
tions of these materials in carbon tetra- 
chloride. If the reagents and technique 
are correct, values within the following 
ranges should be obtained. pa 


Standard Bromine Number 
Cyclohexene, purified 
(Notes 1 and 2)....... 191 to 199 (Note 3) 
Cyclohexene, 10 per cent 
Diisobutene, purified 
(Notes 1 and 2)....... 142 to 148 (Note 3) 
Diisobutene, 10 per cent 
14 to 15 


Norge 1.—Purified samples of cyclohexene 
and diisobutene may be prepared from Eastman 
cyclohexene, No. 1043, and Eastman diisobutene, 
No. P2125, by the following procedure: 

Add 65 g. of activated silica gel (28 to 200 
mesh)* to a column approximately 16 mm. in 
inside diameter and 760 mm. in length, which 
has been tapered at the lower end and which 
contains a small plug of glass wool at the bottom. 
A 100-ml. buret, or any column that will give a 
height-to-diameter ratio of the silica gel of at 
least 30:1, will be suitable. Tap the column dur- 
ing the addition of the gel to permit uniform 
packing. 

To the column add 30 ml. of the olefin to be 
purified. When the olefin disappears into the gel, 
fill the column with methanol. Discard the first 
15 ml. of percolate and collect the next 10 ml., 
which is the purified olefin for test of the bromine 
number procedure. Determine and record the 
density and refractive index of the purified 
samples at 20 C. Discard the remaining per- 
colate. 

Caution.—If distillation of these olefins is 
employed as a pre-purification step, at least 10 
per cent residue should remain in the distillation 
flask to minimize the hazards from decomposition 
of any peroxides that may have been present. 

Nore 2.—The reference olefins yielding the 
above results are characterized by the properties 
shown in Table I. 

Note 3.—The theoretical bromine numbers 
of cyclohexene and diisobutene are 194.8 and 
142.3, respectively. 


TABLE I—PHYSICAL PROPERTIES OF PURIFIED 
OLEFINS. 


Index of 

Boiling Density at | Refrac- 

Compound Point, | 20C., g. per | tion, D 

. Cent. cu. cm. Line at 

20 C. 
Cyclohexene..... 82.5 to 0.8100 |1.4465 
83.5 

Diisobutene. ..... 101 to 0.7175 |1.4112 

102.5 +0.0015 


3 Silica Silica gel for this pu can be 
from the Davison Chemical Corp., Baltimore, M 
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Procedure 


7. (a) Place 10 ml. of carbon tetra- 
chloride in a 50-ml. volumetric flask and, 
by means of a pipet, introduce a quantity 
of sample as indicated in Table II (Note 
4). In the case of samples having bromine 
numbers in the range of 0 to 1, it is 
recommended that a 5-g. sample with 5 
ml. of carbon tetrachloride or chloroform 
as a solvent be added directly to the 
titration vessel. Either obtain the weight 
of sample introduced by difference be- 
tween the weight (to the nearest milli- 
gram) of the flask before and after addi- 
tion of sample or, if the density is known 
accurately, calculate the weight from the 
measured volume. Fill the flask to the 
mark with carbon tetrachloride and mix 
well. Pipet a 5-ml. aliquot of the solution 
into the titration vessel containing 110 + 
10 ml. of the stirred titration solvent 
cooled to 0 to 5 C. 

Nore 4.—Frequently, the order of magnitude 
of the bromine number of a sample is unknown. 
In this case, a trial test is recommended using a 
2-g. sample in order to obtain the approximate 
magnitude of the bromine number. This explora- 
tory test is to be followed with another deter- 
mination using the appropriate sample size as 
indicated in Table II. 


TABLE II.— SAMPLE SIZE. 


Sample 
Size, g. 
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end point is indicated when two drops 
of reagent cause the “eye” to remain 
open for at least 30 sec. 

(c) Blanks—Make duplicate blank 
titrations on each lot of titration solvent 
and reagents by repeating the entire pro- 
cedure, using 5 ml. of carbon tetrachlor- 
ide in place of the sample. Less than 0.1 
ml. of bromide-bromate solution should 
be required. 


Calculation 


8. Calculate the seven number as 
follows: 
(A — B)N X 7.99 
W 


Bromine number = 


where: 


A = milliliters of bromide - bromate 
solution used for titration of 
the sample, 

B = milliliters of bromide-bromate 
solution used for titration of 
the blank, 

N = normality of the 
bromate solution, and 

W = grams of sample used. 


bromide- 


Precision 4 


9. Results should not differ from the 
mean by more than the following 
amounts: 


50 


20 
Over 25 to 100 ts, 
Over 100 2 


(6) Adjust the “eye” of the electromet- 
ric titration apparatus to a very nearly 


closed position. Add the bromide- 
bromate solution in small increments 
from a buret, noting the action of the 
“eye,” which when open shows the 
of unabsorbed bromine. 


per cont Range of 
- Bromine Number 


deg. Fahr. 


0 to 20. 


Over 20 to 50...... 
Over 50 to 100.... 
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Bromine Number 
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Apparatus: Fig. 1. Connection to the platinum wire elec- 
Al. The wiring diagram of the recommended _ trodes is made at points FE; and FE, in the upper 
electrometric titration apparatus is shown in left-hand portion of the diagram. 
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Stancor VP T3 
Fic. 1.—Electrometric Titrimeter. 
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1. This method is intended for the 
measurement of refractive indices, accu- 
rate to six units in the fifth decimal place, 
and refractive dispersions, accurate to 
twelve units in the fifth decimal place, of 
transparent and light-colored hydrocar- 
bon liquids which have refractive indices 
in the range between 1.33 and 1.50, and 
at temperatures from 68 to 86 F. (20 to 
30 C.). The method is not applicable 
within the accuracy stated to liquids 
having colors darker than Union Color 
No. 4, to liquids having bubble points so 
near the test temperature that a reading 
cannot be obtained before substantial 
weathering takes place, to liquids having 
a refractive index above 1.50, or to meas- 
urements made at temperatures above 
86 F. (30 C.). 


Note 1.—The instrument can be success- 
fully used for refractive indices above 1.50, and 
at temperatures both below 68 F. (20 C.) and 
above 86 F. (30 C.), but as yet certified liquid 
standards for the ranges above a refractive index 
of 1.50 are not available, so the precision and 
accuracy of the instrument under these condi- 
tions have not been evaluated. Similarly, certified 
refractive indices of liquids at temperatures other 
than the 68 to 86 F. (20 to 30 C.) range 
are not available, although the instrument can 
be used up to 122 F. (50 C.). 

1 This proposed method is under the jurisdiction of the 


A.S.T.M. Committee D-2 on Petroleum Products and 
Lubricants. Published as information, June, 1950. 


PROPOSED METHOD OF TEST FOR MEASUREMENT OF REFRACT 
INDEX AND REFRACTIVE DISPERSION OF HYDRO- 
CARBON LIQUIDS! 
This is a proposed method and is published as information only. 


Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Definitions 


2. (a) Refractite Index is defined as 
the ratio of the velocity of light (of 
specified wave length) in air, to its 
velocity in the substance under exami- 
nation. It may also be defined as the sine 
of the angle of incidence divided by the 
sine of the angle of refraction, as light 
passes from air into the substance. This 
is relative index of refraction. If absolute 
refractive index (that is, referred to 
vacuum) is desired this value should be 
multiplied by the factor 1.00027, the 
absolute refractive index of air. The 
numerical value of refractive index of 
liquids varies inversely with both wave 
length and temperature. 

(6) A Refractive Dispersion of a sub- 
stance is the difference between its refrac- 
tive indices for light of two different 
wave lengths, both indices being meas- 
ured at the same temperature. For con- 
venience in calculations, the value of the 
difference thus obtained is usually mul- 
tiplied by 10,000. 


Outline of Method 


3. The refractive index is measured 
by the critical angle method with a 
Bausch and Lomb Precision Refractom- 
eter using monochromatic light. The 
instrument is previously adjusted by 
means of a solid reference standard and 
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the observed values are corrected, when 
necessary, by a calibration obtained with 
certified liquid standards. 


Apparatus 

4. (a) Refractometer, Bausch and 
Lomb, “Precision” type,? range 1.33 to 
1.64 for the sodium D line. 

(b) Thermostat and Circulating Pump, 
capable of maintaining the indicated 
prism temperature constant within 0.04 
F. (0.02 C.) of the desired test tempera- 
ture. The thermostating liquid should 
pass the thermometer on leaving, not on 
entering, the prism assembly. 

(c) Thermometer, graduated to permit 
readings to +0.02 F. (0.01 C.). The bore 
correction at the temperature of test 
and under the emergent stem conditions 
encountered in use must be known to 
+0.02 F. (0.01 C.). 

(d) Light Sources.—The following light 
sources have been found satisfactory: 

(1) Sodium Arc Lamp.—The Uni- 
tized “Sodium Lab Arc” is fur- 
nished with the instrument. 

(2) Mercury Arc Lamp.—The H-4 
type capillary mercury arc is 
furnished as an accessory to the 
refractometer. 

(3) Hydrogen Discharge Lamp.—Any 
type lamp capable of producing 
light having an intensity of at 
least 3-foot candles on an area of 
one square centimeter on the 
entrance face of the illuminating 
prism. The luminous intensity 
may be conveniently measured 
by means of a photographic light 
meter held 10 in. from the 
lamp and perpendicular to the 
light beam. For convenience, 
the lamp should be mounted on 
an extension of the sodium 
lamp support. 


* Bausch and Lomb Optical Co., Rochester, N. Y., 
Catalogue No. 33-45-03, All instrument terminology used in 
this method corresponds with that used in the “Reference 
Manual” supplied with the instrument. 


REFRACTIVE INDEX OF 


IQUIDS 


(4) Other Sources—Helium may be 
used in place of hydrogen in the 
lamp discussed under item (3). 

(5) Light Filters—For isolating the 
various spectral lines from the 
above sources, special light fil- 
ters are required. The following 
are tentatively recommended: 


Wave Length, Spectral 
Angstroms Line Filter La 


6678 Helium. .Corning No. 2404 
6563 H None required. May use 
Corning No. 2404. 
5893 .....None required. 
5461 Wratten No. 62, Corn- 
ing Nos. 3486 + 4303 
+ 5120 
5016 Helium. Wratten No. 45 
4861 H,. ... Corning Nos. 5030 + 
3387, 4303, or Wratten 
No 45 
Corning Nos. 5113, 3389 
+ 5850. 


Note 2.—In determinations of refractive 
indices above approximately 1.53 (wherever the 
short wave lengths show a higher scale reading 
than the long) this system of filters is rendered 
worthless and filters must be chosen which 
remove all spectral lines of shorter wave length 
than the one being read. Below this refractive 
index, the specific filters listed above, which 
remove spectral lines of longer wave lengths than 
the one being read, should be used. 


4358 Hg 


Solvents 


5. (a) Ligroine, end point not over 
176 F. (80 C.) as determined by A.S.T.M. 
Method D 86, Test for Distillation of 
Petroleum Products.’ 

(b) Benzene, conforming to A.S.T.M. 
Specifications D 361, for Industrial 90 
Benzene? 


Reference Standards 


6. (a) Solid Reference Standard accu- 
rate to +0.00002 with the value of the 
refractive index engraved upon its upper 
face. 

(b) Primary Liquid Standards.—The 
organic liquids listed below, with the 
values of their refractive indices for the 

#1949 Book of A.S.T.M. Standards, Part 5. 
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D, F, and C lines certified at 68, 77, and 
86 F. (20, 25, and 30 C.), obtained from 
the National Bureau of Standards: 

2,2,4-Trimethylpentane.......... Np = 1.39 


Methylcyclohexane............... Np = 1.42 


Sample 


7. A sample of at least 0.5 ml. is re- 
quired. The sample shall be free of sus- 
pended solids, water, or other materials 
that tend to scatter light. Water may be 
removed from hydrocarbons by treat- 
ment with calcium chloride followed by 
filtering or centrifuging to remove the 
desiccant. The possibility of changing the 
composition of a sample by action of the 
drying agent, by selective adsorption on 
the filter, or by fractional evaporation, 
shall be considered. ae 
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1 X 10° in the refractive index of methyl- 
cyclohexane. 


(d) Control the ambient temperature 
within 2 F. (1 C.) of the test tempera- 
ture. This can be done by regulation of 
the room temperature or by placing the 
instrument inside a specially designed 
constant-temperature box. The instru- 
ment shall also be so situated that it will 
not be subject to drafts. 


Standardization of Apparatus and Tech- 
nique 
9. (a) Thoroughly clean the prism 
faces and surfaces of the solid reference 
standard as described in Section 8 ,b), 
finally brushing the surfaces with a clean 
camels hair brush. Fix the hinged part 
_in a wide-open position. Apply a drop of 


monobromonaphthalene, about 1.5 mm. 


Preparation of Apparatus in diameter, to the center of the polished 


8. (a) The refractometer shall be kept 
scrupulously clean at all times. Dust and 
oil if allowed to accumulate on any part 
of the instrument will find its way into 
the moving parts, causing wear and even- 
tual misalignment; if permitted to collect 
on the prism, dust will dull the polish, 
resulting in hazy lines. 

(b) Thoroughly clean the prism faces 
with a cotton swab saturated with a suit- 
able solvent, such as benzene, using sur- 
gical-grade absorbent cotton. Pass the 
swab very lightly over the surface until 
it shows no tendency to streak. Repeat 
this procedure with ligroine until both 
the glass and the adjacent polished metal 
surfaces are clean. Do not dry the prism 
faces by rubbing with dry cotton. 

(c) Adjust the thermostat so that the 
temperature indicated by the refractom- 
eter thermometer is within 0.04 F. 
(0.02 C.) of the desired value; turn on 
the sodium vapor lamp and allow it to 
warm up 30 min. 


Nore 3.—An error of 0.04 F. (0.02 C.) in 
temperature of the sample will cause an error of 


surface of the reference standard. Press 
the reference standard against the sur- 
face of the stationary prism with the 
polished end toward the light. If the 
proper amount of contacting liquid has 
been used a continuous film of liquid will 
form between the prism and the refer- 
ence standard, and the field will appear 
evenly illuminated. If not, irregular dark 
spots will appear in the illuminated field 
of the telescope when the knurled knob 
is turned and the light is in line with the 
longitudinal axis of the telescope. Gently 
manipulate the reference standard by 
pressure on one edge or another until the 
interference bands, as seen with the aid of 
the auxiliary lens, appear to extend hori- 
zontally in the rectangular contact area. 
It is well to keep the liquid wedge at such 
an angle that three to five bands can be 
seen and the fringe pattern should 
appear centered in the exit pupil of the 
telescope. 


Nore 4.—If there is any trace of roughness 
as the contact is being made, remove the refer- 
ence standard and clean all surfaces again. 


More damage can be done to the prism surface 


it 
4 
b 
Pp 
t] 
il 
| v 
fi 
0. 
te 
s] 
h 
le 
h 
ti 
ou se 
st 
A 
te 
fc 
re 
ti 
' 
s¢ 
| = st 
t] 
li 
le 
ce 
A 
(¢ 


TEST FOR MEASUREMENT OF REFRACTIVE INDEX OF LIQUIDS 287 


in this operation than in weeks of use with 
liquids, if grit comes between the two surfaces 
during this contact. The amount of liquid should 
be just enough to fill the contact area com- 
pletely, leaving no liquid at the front edge of 
the reference standard. 


(6) Set the instrument to the scale 
reading corresponding to the refractive 
index engraved on the solid reference 
standard. Rotate the sodium lamp base 
while viewing the telescope until a sharp 
vertical line appears in the illuminated 
field and does not move with the rotation 
of the lamp. Adjust the eyepiece of the 
telescope to bring the cross hairs into 
sharp focus. 

(c) Move the alidade by means of the 
hand wheel until the critical line on the 
left side of the band intersects the cross 
hairs, and read the scale. Repeat the 
setting at least twice, and between set- 
tings, shift the lamp slightly while ob- 
serving the critical line in order to make 
sure a false line is not being observed. 
Average the scale readings for all the 
settings. 

(d) Convert the average scale reading 
to refractive index by means of the table 
for the sodium D line. To give correct 
readings, without application of correc- 
tions, the average value obtained may 
not differ from that engraved on the test 
piece by more than 0.00002. 

(e) If adjustment is necessary, set the 
scale to the reading corresponding to the 
value engraved on the solid reference 
standard, by means of the hand wheel on 
the side of the instrument. If the critical 
line is to the left of the intersection of the 
cross hairs, loosen the small screw on the 
left of the telescope and slowly tighten 
the one on the right until the lines coin- 
cide; if the critical line is to the right of 
the intersection, use the opposite pro- 
cedure. At the final adjustment both 
screws should be snug but not tight. 
Again check the setting as in Paragraph 


(c). 


Standardization with Reference Liquids 


10. (a) Measure the refractive indices 
of each of the primary liquid standards 
listed in Section 6 (6) for the D, F, and 
C lines, at the test temperature 68, 77, or 
86 F. (20, 25, or 30 C.), following the 
procedure described in Section 11. If the 
values obtained do not agree with the 
certified values within 0.00003, determine 
a correction curve for each wave length 
from an average of five independent de- 
terminations on each of the three certified 
liquid standards. A plot of the average 
error against refractive index provides a 
correction for all observed indices be- 
tween these points. 


Note 5.—This does not infer that the re- 
fractive index engraved on the test piece is 
necessarily inaccurate but tends to correct an 
error introduced in the determination by the 
failure to obtain grazing incidence in the case of 
liquid samples. This fault, and other instru- 
mental errors, if present, are inherent in the 
refractometer design and its magnitude varies 
with the refractive index of the liquid and 
different instruments. 


(6) To observe any changes with time 
and use in the relative positions of prism 
and alidade, each operator shall check 
the instrument with the calibrated solid 
reference standard prior to his use of the 
instrument. 


Procedure 


11. (a) Thoroughly clean the prism 
faces as described in Section 8 (b). Adjust 
the thermostat so that the temperature 
indicated by the refractometer ther- 
mometer is within 0.04 F. (0.02 C.) of 
the desired value. 

(b) In testing nonviscous liquid 
samples, close the prism box and let stand 
for 3 to 5 min. to insure temperature 
equilibrium between the prisms and the 
circulating water. By means of a small 
pipet or medicine dropper, introduce a 
small quantity of sample into the tubula- 
tion between the prism faces. Turn the 
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knurled head at the base of the telescope 
so as to bring the auxiliary lens into the 
light path, and observe through the face 
of the working prism. If the space be- 
tween the prisms is completely filled with 
liquid, the field will be uniformly illu- 
minated; bubbles or unfilled spaces will 
appear black. If the space is not com- 
pletely filled, open the prism box slightly 
several times and add more liquid. Do 
not attempt to measure refractive indices 
until the space between the prisms is 
completely filled. 

(c) In testing viscous liquids, open 
the prism box and apply the sample to 
the faces of both prisms, spreading evenly 
with a round wooden applicator stick. 
Never use metal or glass for this purpose 
as these may scratch the prism faces. 
Close the prism box slowly to avoid 
straining the hinge and locking mech- 
anism. 

(d) Adjust the illuminant to be in line 
with the telescope and bring the border 
line approximately to the reticle. While 
viewing the rear prism face by means of 
the auxiliary lens, rotate the lamp 
bracket to the right until only the ex- 
treme left side of the prism appears to 
be illuminated. If this rotation is carried 
too far vertical interference lines will 
appear in the back face. These are gen- 
erally irregular and rather faint. The best 
adjustment for contrast and illumination 
seems to be the point just before these 
fringes become distinct. 

(e) Adjust the eye piece of the 
telescope so as to bring the cross hairs 
into sharp focus, set the cross hairs on 
the critical edge and read the scale of 
the instrument. Readjust the position of 
the vapor lamp and repeat at least four 
times, approaching from either side of 
the critical edge and record the average 
scale reading. (In order to avoid the 
possibility of using a false edge, it is best 
to adjust the position of the light source 
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each time a setting is made rather thar 
make four settings on one positioning of 
the lamp.) 

(f) Without changing the position of 
the prism assembly, place other desired 
light sources into the angular position 
(with respect to the rear face of the re- 
fracting prism) occupied by the sodium 
lamp. Take average scale readings for the 
desired lines in the manner described in 
Paragraph (d). 

(g) In testing volatile samples, clean 
the prism faces without changing the 
position of the prism assembly or the 
lamp, recharge with sample, and read 
jmmediately. 


Calculation and Reporting 


12. (a) Convert the observed scale 
readings to refractive indices by use of 
the tables supplied with the instrument 
and report these values and temperature 
at which the test was made, distinguish- 
ing between the various spectral lines 
used (for example, “nif = 1...” or 
t ” 

Basen 

(6) To obtain refractive dispersion, 
subtract m, from m,. Report the result 
and the temperature at which the test 
was made (for example, “(mp — nc) X 104 
ati =...” or — mp) X 10 at 
Precision and Accuracy 

13. (a) Results should not differ from 
the mean by more than the following 
amounts: 


Repeatability Reproducibility 
One Operator Different Operators 
and Apparatus and Apparatus 


0.00006 0.00006 


0.00012 0.00012 


(6) Results should not differ from the 
true value by more than the following 
amounts: 


Refractive Index.. 
Refractive Disper- 


Accuracy 
0.00006 
Refractive Dispersion. .... 0.00012 
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Scope 


1. This method is intended for the 
measurement of the density of pure hy- 
drocarbons or petroleum distillates boil- 
ing between 194 and 230 F. (90 and 110 
C.) that can be handled in a normal 
fashion as a liquid at the specified test 
temperatures of 68 and 77 F. (20 and 25 
C.). It was developed especially for the 
reference fuels n-heptane and isooctane. 
It is designed to provide values having 
an accuracy of 0.00004 g. per ml. 


Definition 


2. Density is the weight in vacuo (that 
is, the mass) of a unit volume of the ma- 
terial at any given temperature. In this 
method the unit of mass is the gram, and 
the unit of volume the milliliter; the 
temperature scale used is the Centigrade. 


Outline of Method 


3. The liquid sample is drawn into the 
pycnometer and weighed. It is then 
equilibrated at the test temperature, and 
the positions of the liquid levels are ob- 
served. The density of the sample is then 
calculated from its weight and the vol- 
ume occupied by the sample as deter- 
mined by a calibration of the pycnometer 
with water at the same temperature. 
Buoyancy corrections are made in all 
weighings. 

1 This proposed method is under the jurisdiction of the 


A.S.T.M. Committee D-2 on Petroleum Products and 
Lubricants. Published as information, June, 1950. 
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PROPOSED METHOD OF TEST FOR MEASUREMENT OF DENSITY 
OF KNOCK TEST STANDARD NORMAL HEPTANE AND 
ISOOCTANE BY THE PYCNOMETER! 

This is a proposed method and is published as information only. 


Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3. Pa. 


Apparatus 


4. (a) Precision Pycnometer—The 
pycnometer shall conform to the dimen- 
sions given in Fig. 1, be constructed of 
heat-resistant glass,? and have a total 
weight not exceeding 30 g. 

(b) Constant Temperature Bath——The 
water bath shall have a depth of at least 
12 in., and be provided with means for 
maintaining a temperature of 68 + 0.02 
F. (20 + 0.01 C.) or 77 + 0.02 F. (25+ © 
0.01 C.) 

(c) Bath Thermometer —A.S.T.M 
Kinematic Viscosity Thermometers 44 
F. and 45 F. designed for tests at 68 F. 
(20 C.) and 77 F. (25 C.) and conform- 
ing to the requirements prescribed in 
A.S.T.M. Specifications E 1* may be 
used.‘ Ice point and bore corrections shall 
be known to the nearest 0.02 F. In use, 
the thermometers shall be immersed to a 
point at least 2 F. (1 C.) above the test 
temperature. 

(d) Pycnometer Holder—Figure 2 
shows the structural details of the pyc- 
nometer holder. It may be made of brass 
or any other available metal that can be 
hard- or soft-soldered and that will not 
corrode in the thermostat liquid. Figure 3 
illustrates a convenient mounting for 
suspending the holders in the constant — 


2 Pyrex glass has been found satisfactory. 
* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
4 At the present time there are no A.S.T M. Contignede 
available that are particularly suitable for 
is test. 
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temperature bath. It consists of a brass 
bar # in. in thickness by 1 in. in width, of 
a length suitable for the bath used, and 
with seven #y-in. holes drilled 1} in. 


1.0.-0.9 to Lt, Uniform 
to Percent 
Throughout Scale 


— > 
Length 


0.0.-6.0 Max. 
GRADUATIONS 
Short Lines at Each | mm. 


Longer Lines at Each 5 mm. 
Numbered os Shown 
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pan. The balance should be located in a 
room shielded from drafts and fumes and 
in which the temperature changes be- 
tween related weighings (empty and filled 


Cap. Approx. .2 MI. 
(min. 1.0 mi.) 


Fic. 1.—Precision Pycnometer. 


apart to accommodate the threaded ends 
of the holders. Two nuts support each 
holder and permit regulation of the depth 
of immersion of the pycnometers. 

(e) Balance.—A balance able to repro- 
duce weighings within 0.1 mg. when 
carrying a load of 30 g. or less on each 


pycnometer) do not cause a significant 
change in the ratio of the balance arms. 
Otherwise weighings must be made by 
the substitution method in which the 
calibrated weights and pycnometer are 
alternately weighed on the same balance 
pan. The same balance shall be used for 
all related weighings. 


a 
v= 
-* 


‘ 


Dimensions in Millimeters a ou ie 
i = « 
/ 


(f) Weights—Weights should be used 
whose relative values are known to the 
nearest 0.05 mg., or better. The same set 
of weights shall be used for the calibra- 
tion of the pycnometer and the determi- 
nation of the densities, or the sets of 
weights shall be calibrated relative to 


5. Thoroughly the 
previous to calibration, by contact with 


SECTION AA 
SOLDER SPRING CLIP, 
TO ROD 4 30-GAUGE 


| SHEET METAL 


Preparation 


WING NUT 
SUPPORT 


SECTION BB 
.—Pycnometer Holder. 


Fic. 2 


chromic acid cleaning solution at room 
temperature. Rinse well with distilled 
water and dry at 190 to 200 F. (88 to 
93 C.) for at least 1 hr., with a slow 
current of filtered air passing through 
the pycnometer, then cool to room tem- 
perature. Cleaning should be done in this 
manner whenever the pycnometer is to 
be calibrated or whenever liquid fails to 
drain cleanly from the walls of the pyc- 
nometer or its capillary. Ordinarily, the 
pycnometer may be cleaned between de- 
terminations by washing with a suitable 
solvent, such as isopentane or benzene, 


alot 


TEST FOR OF AND IsoOCTANE 


MEX. NUT water My, in the pycnometer as follows 
(Note i): 
iii "Roo, 

Hs Mw = (Wew — Wr) (1 + K) 
Mw = mass of water (weight of water 
corrected for buoyancy) 
‘fa W pw = weight of pycnometer plus water 
wait 30-GAUGE SHEET in air, 
a OPEN TOP” Wp = weight of pycnometer in air, and 


f 


and vacuum drying. If the acetone is 
used as the wash liquid, the pycnometer 
should then be rinsed with isopentane 
or benzene. 


Calibration of Apparatus 


6. (a) Proceeding as directed in Sec- 
tion 7, determine the weight of freshly- _ 
boiled distilled water held by the pyc- — 
nometer when equilibrated at the test 
temperature 68 or 77 F. (20 or 25 C.) 
with the water level at each of three 
different scale points on the graduated 
arms, two of which should be at opposite 
ends of the scale. Record this weight as 
Wrew. 

(6) Calculate the true mass of the 


buoyancy correction factor for 


where: 


da = density of air from Fig. 4 (Note 2), 
dw = density of water at 68 F. (20 C. 
(0.99823 per ml.), or at 77 F. 
(25 C.) 6.99707 g- 
dy = density of weights cr 


Nore 1.—It is assumed that the silica 
of the pycnometer empty, and filled with water 
will be made in such a short time interval that 
the density of the air will not change significantly. 
If significant change should occur, then the 
procedure used in Section 8 (0) shall be followed. 

Note 2.—The changes in humidity encount- 
ered in making a determination are seldom of 
sufficient magnitude to require correction. A 40 
per cent change in humidity will cause a change 
of approximately 5 X 10-6 density unit. How- 
ever, if unusual conditions prevail, the following 
re upon which the chart 2 4) was 


| 
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1.2929 (273.16)] 
D= T 760 


where: 


D = density of air in grams per cu. cm., 
T = temperature in degrees absolute = 
(deg. Cent. + 273.16), 

corrected barometric pressure in 
millimeters of mercury, 

= vapor tension of water at T in mil- 
limeters of mercury, and 


(d) Prepare a calibration curve by 
plotting the sum of the scale readings in 
the two arms of the pycnometer against 
the corresponding true volume. If this 
curve is not a straight line, and subse- 
quent checks do not correct the curva- 
ture, discard the pycnometer as imper- 
fect. 

(e) If a straight line cannot be drawn 
through the three points, determine 
enough additional points so that a 
straight line calibration may be drawn 
which does not lie more than 0.0002 ml. 


Fic. 3.—Holder Mounting. 


(c) Determine the true volume of 
water in the pycnometer by the follow- 
ing equation: 


My 


true volume of pycnometer at test 
temperature, 
= true mass of water in pycnometer, 
and 
density of water at 20 C. (0.99823 
g. per ml.), or at 25 C. (0.99707 


g-perml.). 


in units from the points used to deter- 
mine the line. 


Procedure 


7. (a) This procedure is intended for 
pure compounds and mixtures that are 
not highly volatile, that is, which are 
essentially free of materials boiling less 
than 10 C. above the bath temperature. 

(b) Using another pycnometer as a 
tare (Note 3), weigh the clean, dry pyc- 
nometer to 0.1 mg. and record the weight 
as Wp. 


Nore 3.—It is convenient to use the lightest 
of a set of pycnometers as a tare. For the best 


results the treatment and environment of both 


TEMPERATURE. DEG CENT 
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pycnometer and tare for some time prior to 
weighing should be identical. 


(c) Fill the pycnometer with the 
sample at approximately the test tem- 
perature by holding it in an upright posi- 
tion and placing the hooked tip in the 
sample, allowing the liquid to be drawn 
over the bend in the capillary by surface 
tension. Allow the pycnometer to fill by 
siphoning (requiring about 5 min.) and 
break the siphon when the liquid level 
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the pycnometer filled to the desired level and 
placed in the bath long enough to come to 
equilibrium at the bath temperature, the scale 
readings recorded and the filled pycnometer 
removed from the bath, dried and weighed after 
allowing sufficient time for the sample to reach 
ambient temperature. If the pycnometer plus 
sample is weighed before the volume measure- 
ment, as ‘required in the present procedure, 
liquid expands into the expansion bulb and in- 
complete drainage from the expansion bulb 
causes error in the volume measurement. This is 
more serious if it occurs during calibration with 
water. 


/ 


| HUMIDITY - 5 


o% 


TEMPERAT URE, DEG. CENT. 


600 650 


BAROMETRIC PRESSURE (CORRECTED), MM 
Fic. 4.—Air Density Chart. 


reaches the graduation mark just above 
the large bulb, if filling is done at higher 
than but very close to bath temperature. 
The higher the filling temperature above 
bath temperature, the higher in the capil- 
lary should the liquid be allowed to rise 
(Note 4). 


Nore 4.—These five-place densities can be 
determined most conveniently in a laboratory 
in which the room temperature and bath tem- 
perature are almost identical. If they are to be 
determined in a room where the temperature is 
5 to 10 C. higher than bath temperature, the 
liquid should be pre-cooled to test temperature, 


(d) Wipe off the wet tip thoroughly 
(Note 5) with a chemically clean, lint- 
free cloth slightly damp with water and 
weigh to the nearest 0.1 mg. against the 
same tare and record the weight as 
W ps. Record the temperature and baro- 
metric pressure at time of weighing. 


Note 5.—In atmospheres of low humidity 
(60 per cent or lower) drying the pycnometer by 
rubbing with dry cotton cloth will induce static 
charges equivalent to a loss of about 1 mg. or 
more in the weight of the pycnometer. This 
charge may not be completely dissipated in 
less than 4 hr., and can be detected by touching 
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and then drawing it away slowly. If the pyc- 
nometer exhibits an attraction for the wire hook, 
it may be considered to have a static charge. 
Radium bromide or polonium-coated foil in the 
balance case will dissipate the static charge. 


in a constant temperature bath’ adjusted 
to 68 or 77 + 0.02 F. (20 or 25 + 0.01 
C.) Allow to remain for at least 30 min. 
or until two successive readings at 5-min. 
intervals show no change, and then read 
the scale to the nearest 0.2 small divi- 


the previously prepared calibration 
chart Section 6 (d), determine the true 
volume V;. 


Calculations 
8. (a) Calculate the true density of 
the sample as follows: 


8 


Density, g. per ml. at 68 or 77F.(200r25C.) = vy, 


where: 


mass of sample as calculated in 
Paragraph (5), and 

= true volume of sample from Sec- 

tion 6 (d). 


(6) If the pycnometer empty and the 
pycnometer containing the sample are 
weighed in air of the same density (within 


calculate the mass of sample in the pyc- 
nometer as follows: 


Mg = (Wps — Wp) (1 + K) f 


where: 


Ms = weight of the sample corrected for 
buoyancy, (that is, mass of the 
sample), 

Wp = weight of the empty pycnometer 

in air, 

W rps = weight in air of the pycnometer 

and the sample contained in it, 

and 
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the pycnometer to the wire hook on the balance K = 


(e) Place the pycnometer in the holder a Ke 


buoyancy correction factor for 
the liquid 


d of sample (approx.) dy 
where: 
da = density of air, and a 


dy = density of weights, 


d = density in g. per ml. 
Approximate density of sample is 
obtained by dividing the recorded weight 


of the sample in the pycnometer by its 
volume as determined from the calibra- 


sion at the liquid level ineach arm. From tion curve of the pycnometer. 


Wes — Wp 
Ve 


Nore 6.—When the air density is appreciably 
different at the time of weighing the pycnometer 
plus sample (air condition II) than at the time 
of weighing the empty pycnometer (air condi- 
tion I), the mass of sample in the pycnometer is 
calculated as follows: the weight of the pycnom- 
eter corrected for buoyancy is: 


Mp = (1 + Ki) 


Approximate density = 


where: 

Mp = weight of em pyenemeter for air 
buoyancy, is, cnometer), 

Wri= of pycnometer in al air of con- 
ition I, 

Ky = buoyancy correction factor at air — oo I 
(using 2.2 for the density of glass), and 

in air, W pyr, of the pycnometer at the air dens- 


rrespondi to a buoyancy correction factor Ky1 
is: 
PI 


plus or minus 0.00001 g. per ml.), then by ©), 


the value of Wprr for Wp 


Precision and Accuracy 


9. (a) Results should not differ from 
the mean by more than the following 
amounts: 


Repeatability Reproducibility 
One Operator Different Operators 
Apparatus and Apparatus 

+0.00002 +0.00004 


(6) Results should not differ from the 
true value by more than the following 


amounts: 

all 
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PROPOSED METHOD OF TEST FOR POUR STABILITY CHARACTERIS- “re 
TICS OF WINTER GRADE MOTOR OILS!” 


This is a proposed method and is published as information 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope above 40 F. may also be examined by am 
1. (a) This method describes the fol- C¥Cle A, but for these blends there is a a, 

lowing two test cycles for estimating, in tendency for the laboratory stable pour ihe 


the laboratory, the field pour stability points to be somewhat lower than field 


characteristics of winter grade motor oils results. These blends may be examined 
having cloud points up to 40 F. (Note 1): ' # special high-temperature test with 
Cycle A (Fig. 1) for oil blends with over-all temperatures of the test roughly 
cloud points in the temperature range five degrees higher than Cy cle A —_ 
of about 24 to 40 F. peratures. Only in rare instances will 


Cycle C (Fig. 2) for oil blends with cloud points of the test blends be above 


cloud points of about 24 F. and lower. +40 F. SL nea 
Nore 1.—The winter grade motor oils in- Outline Of Method 


n- clude both regular and heavy duty, and diluted a 
I heavy duty motor oils. The A.S.T.M. cloud. 2. (a) Cycle A.—Oil blends are sub 
and pour point determination is described in jected to the following temperature se- 
“ A.S.T.M. Method D97, Test for Cloud and quence (Fig. 1) for six days: (1) rapid 
Pour Points. cooling from room temperature to about 


(6) It is recommended that blends 14 F.; (2) nes % 34F., this tem- 
with high cloud points which show excel- Petature being maintained for about 24 
lent pour stability characteristics by Cy- hr; (3) nemapense. chee about 50 F. followed 
cle A, also be examined by Cycle C. For by cooling to about +30 F. pence period 
some of these blends Cycle C sometimes of about 24 hr.; and (4) cooling from 
detects minor pour stability weaknesses about -+30 F. to —20 F. over a period of 
m not observed in Cycle A. For diluted oil about two and one-half days. ; 
ng blends, the cloud point before dilution (0) Cycle C.—Oil blends are subjected 
should be used in deciding whether Cycle for day 
A or Cycle C is applicable. quite similar to that of Cycle A but dif- 

_© Me Motor oil blends with cloud points fering principally a that Cemnpeenruees 

De ght throughout the critical portions of the 
ane method fs under the jusindiction of test are roughly 15 to 20 F. lower (Fig. 2). 
the Ppplished information, June, 195) ne Pour amples are examined in part 4 of the 
ing Stability Characteristics of Winter Grade Motor Oils,” cycle when the temperature reaches +20 


_— y Transactions, Soc. Automotive Engrs., Vol. 2, 


p. 34, January, 1948. Hodges and Rogers, “Some F. and are re-examined at temperature 
ly pects of Pour-Depressant Treated Oils,’’ Oil and 


Gos Journal, October 4, 1947, p. 89. intervals of five degrees until the mini- 


Appears in this ublication, see Contents in Numeric 
Sequence of A.S.T. . Designations at front of mum temperature of —20F. is reached. 
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Apparatus 


3. (a) Cold Cabinet and Bath.—A \ow- 
temperature cabinet capable of reducing 
oil sample temperatures to —25 F. shall 
be used. The bath consists of a copper 
tray placed on wooden supports, so that 
the bottom and sides are about 1 in. 
away from the bottom and sides of the 
interior of the cabinet, and containing a 
suitable liquid such as isopropyl or de- 
natured ethyl alcohol (Note 2). Means 


3 F., and in part 3 the maximum temp- 
erature shall be between 48 and 52 F. for 
Cycle A, and between 32 and 35 F. for 
Cycle C (Note 3). 


Note 2.—The alcohol bath is used in place 
of an air bath to minimize fluctuations in oil 
temperature and to better maintain all test 
blends at the same temperature. A bath com- 
prising a 50-50 mixture by volume of glycol 
and water may be used in place of the alcohol 
bath. 

Note 3.—Some observers have noted that 
immersion of the temperature control bulb in 


\ 


FLUIDITY OBSERVATION 
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x! 


PART \ 
4 


> 


P.M. 
3 


Nn 


A.M. PM 


TIME, DAYS 
Fic. 1.—Cycle A Temperature Sequence. 


shall be provided to maintain the bath 
at any desired temperature in the range 
of about +70 F. to —25 F.; normally, a 
heating coil is not necessary due to the 
slow warming rate. An automatic tem- 
perature controller shall be provided 
with cams profiled to reproduce the tem- 
perature sequences shown on the time- 
temperature charts, Figs. 1 and 2. The 
control bulbs shall be placed above the 
liquid near the top of the inner wall of the 
cabinet in order to obtain a steady rate 
of warming or cooling. In parts 2 and 3 
of the temperature cycles, the tempera- 
ture shall be controlled to plus or minus 


the alcohol bath and agitation of the bath by a 
small air-driven agitator may give a tempera- 
ture control of plus or minus 1 F. 


(b) Heating Water Bath.—To preheat 
the test samples, a shallow bath of op- 
tional size and shape regulated to a tem- 
perature of about 130 F. shall be used. 
A bath 8 in. in depth and containing a 
wide meshed metal tray supported 1} in. 
from the bottom of the bath is adequate. 

(c) Temperature Measurement.—The 
A.S.T.M. Cloud and Pour Thermometer 
SF - 49, having a range of —36 to +120 
F. and conforming to A.S.T.M. Specifica- 
tions E 1* shall be used for measurement 
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continuous record of the temperature of 


the cabinet and bath a double pen tem- 


perature recorder with one lead placed in 


the air near the control bulb, the other 


in a dummy sample in the bath liquid 
shall be used. 

(d) Sample Containers shall be round, 
tall-form, 4-oz. bottles of clear flint glass. 


of the oil temperature. For obtaining a 


the sample to cool to room temperature 
(75 F.), then close the sample container 
with a clean, dry cork. 

(5) Bring the cold cabinet to room tem- 
perature. If time permits, this may be 
done by leaving the cabinet open for 
24 hr.; otherwise insert a steam coil. 

(c) When both the sample and the 
bath are at room temperature, place the 
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Cloud Point Determination 


4. Determine the cloud point of the 
sample in accordance with A.S.T.M. 
Method D 97, Test for Cloud and Pour 
Points.* If the sample is a diluted oil, 
determine the cloud point of the oil 
before dilution. 


Preparation of Sample 


5. (a) Fill the 4-oz. bottle half full 
with the sample and preheat in the heat- 
ing bath to a temperature of about 115 
F., with occasional but vigorous shaking. 
Keep it at this temperature for 10 min. 
After the preheating treatment, allow 


TIME, DAYS 
Fic. 2.—Cycle C Temperature Sequence. 


bottle in the bath. Place two dummy 
samples in the bath, one at either end. 
Insert one of the leads attached to the 
temperature recorder in one of the 
dummy samples, and place an A.S.T.M. 
Cloud and Pour Thermometer in the 
other with the immersion mark just 
visible, but not more than } in. above 


the top of the stopper. Make all subse- — 


quent temperature observations on these 
dummy samples and not on the test 
sample. If necessary, add more bath 
liquid so that the fluid level will be main- 
tained above that of the oil in the sample 
bottle. If numerous samples are being 
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tested, it is important that at least } in. 
be left between each bottle. 


Cycle A—Procedure 


6. (a) Place the Cycle A cam guide, 
profiled in conformity with the time- 
temperature chart, Fig. 1, in the tem- 
perature control box and start the initial 
cooling (the cam guide is constructed 
from trial runs using manual controls to 
regulate the oil sample temperature as 
closely as possible in accordance with the 
recommended time-temperature charts). 
The actual temperatures will not exactly 
fit the smooth curves because of minor 
temperature fluctuations; but in order 
to obtain reproducible results maximum 
temperature fluctuations should be 
within plus or minus 3 F. 

(6) During the final cooling period 
(part 4 of temperature cycle, Fig. 1), 
when the oil temperature reaches +20 F., 
and at every five-degree interval] there- 
after, remove the sample bottle from the 
bath, tilt it to an angle of 90 deg. from 
the vertical, hold there for 3 sec. and 
note the condition of the oil. Record 
solid points when no movement of the 
oil is observed after holding the sample 
bottle in a horizontal position for 3 sec. 
If the oil is very fluid, only a slight tilt 
will be necessary; do not allow the oil to 
come into contact with the stopper. 
Occasionally it may be noted toward the 
end of the test that when the bottle is 
tilted to the required angle, the surface 
may show no movement, but the whole 
core of solidified oil may slip forward 
very slightly. In this case consider the 
oil as solid; note only surface movement. 
Avoid agitation of the blends during the 
test as much as possible. 

_(c) Continue observations at intervals 
of five degrees until the surface of the oil 
shows no movement whatever when held 
in a horizonta] position for 3 sec. 
(Note 4). Record the temperature of the 
sample at this point as the “highest solid 
temperature.” If the oil is still fluid at 
— 20 F., discontinue the test. 
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Nore 4.—If at any time there is any doubt 
about a slight surface movement, return the 


sample to the bath and cool to the next lower . 


five-degree interval. If the oil is definitely solid 
at the next lower interval, record the previous 
figure. 
y 


¢ 


7. Pretreat the sample as described in 
Section 5 and carry out the temperature 
sequence as described in Section 6 for 
Cycle A, except use the Cycle C cam 
guide, profiled in conformity with the 
time-temperature chart shown in Fig. 2. 


Report 


8. (a) Report the temperature 5 F. 
above the highest temperature at which 
the oil first becomes solid as “stable pour 
point, —— F., Cycle —.” 

(5) If the oil still shows surface move- 
ment at a temperature of —20 F., report 
the sample as “stable pour point, below 
—20 F., Cycle —.” 

(c) If a sample is tested by more than 
one cycle, report the results obtained by 
both cycles. 


Precision 


9. (a) Repeatability—For oils with 
poor pour stability characteristics indi- 
vidual results on the same oil in any one 
laboratory may vary by 5 F. For blends 
with Cycle A solid points below 0 F. the 
results may vary by 10 F. in some cases 
(Note 5). 

(b) Reproducibility—tIndividual _ re- 
sults of the test on the same oil in differ- 
ent laboratories may vary by 10 F. The 
average of three or more results in dif- 
ferent laboratories should show a dif- 
ference between averages no greater 
than 5 F. 


Nore 5.—As an aid in determining the 
validity of each individual test run, it is recom- 
mended that each test include two or more 
reference samples having different degrees of 
pour stability weakness and having stable pour 
points which have been well established. 
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1. This method is intended for the de- 
termination, at reduced pressures, of the 
boiling temperature ranges of petroleum 
products which decompose when dis- 
tilled at atmospheric pressure. The 
method is applicable, up to a maximum 
liquid temperature of 750 F. (400 C.), to 
the distillation of any petroleum product 
which starts to vaporize under the pres- 
sure of the test at a vapor temperature 
at least 50 F. (28C.) above the con- 
denser temperature used in the distil- 
lation. 


Note 1.—Results by this method are not 
comparable with those of other A.S.T.M. pro- 
cedures? for the determination of boiling ranges 
of petroleum products such as: A.S.T.M. 
Method D 86 for Gasoline, Naphtha, Kerosine, 
and Similar Petroleum Products, Method D 158 
for Gas Oil and Similar Distillate Fuel Oils, 
Method D 216 for Natural Gasoline, Method 
D 285 for Crude Petroleum, Method D 447 for 
Plant Spray Oils, Method D 850 for Industrial 
Aromatic Hydrocarbons. 


Outline of Method 


2. The sample is distilled, at some 
predetermined and accurately controlled 
pressure, between 1 mm. of mercury, 
absolute, and atmospheric, under con- 


1 This Errqenet method is under the jurisdiction of 
the A.S.T.M. Committee D-2 on Petroleum Products and 
Lubricants. Published as information, June, 1950. 

2 iia Book of A.S.T.M . Standards, Part 5. 
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This is a proposed method and is published as information only. Com- 

ments are solicited and should be addressed to the American 

Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


PROPOSED METHOD OF TEST FOR REDUCED PRESSURE 7 hi 
DISTILLATION OF PETROLEUM PRODUCTS! = 


ditions which provide approximately one 
theoretical plate fractionation. Data are 
obtained from which a distillation curve : 

can be prepared relating volume dis- Ey 
tilled and boiling point at the controlled ao ts 
pressure. 


Apparatus 


3. The apparatus is shown schemati- 
cally in Fig. 1 and consists, in part, of 
the components described below. Other 
components of the assembled apparatus 
which appear in Fig. 1 cre not specified, 
either as to design or as to performance. 
Some of these parts are not essential 
from the point of view of obtaining satis- 
factory results from the tests, but are 
desirable components of the assembly 
for the purpose of promoting the effi- 
cient use of the apparatus and ease of 
its operation. 

(a) Flask, Column, Condenser, and 
Product Receiver shall conform to the di- 
mensions and requirements given in the 
Supplement, Section A1. 

(b) Heater, 750 w., constructed as de- 
scribed in the Supplement, Section A3, 
and provided with a suitable variable 
transformer for control of power input. 
Support the heater independently of the 
flask so that the heater can be readily 
lowered at the end of a distillation to 
hasten the cooling of the apparatus. 

(¢) Thermocouple for measurement of 
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vapor temperature, constructed as de- 
scribed in the Supplement, Section A2. 

_ (d) Potentiometer for use with the ther- 

mocouple referred to in Paragraph (c). 

The combined unit shall be capable of 


F detecting temperature changes of 1 F. 


(0.6 C.) over the temperature range of 


32 to 700 F. (0 to 370 C.). 


(e) Flask Thermometer or Thermocou- 

ple—An A.S.T.M. Partial Immersion 
Thermometer having a range of 20 to 
760 F. and conforming to the require- 
ments for thermometer 3 F - 49 as pre- 
_ scribed in A.S.T.M. Specifications E 1.? 
A thermocouple may be substituted for 
the thermometer, provided that the po- 
tentiometer used with it permits temper- 


ature readings with an accuracy equiv- 


alent to plus or minus 2 F. (1.1 C.). 

(f) Pressure Measuring System capable 
of measuring absolute pressure with an 
accuracy of 1 per cent in the range of 
1 mm. of mercury to atmospheric pres- 
sure. A manometer and McLeod gage 
which meet this requirement are de- 
scribed in the Supplement, Section A4 
(a). 

(g) Pressure Regulating System capa- 
ble of maintaining the pressure of the 
system constant within plus or minus 1 
per cent of the absolute pressure at 10 
mm. of mercury or higher and within 
plus or minus 0.1 mm. of mercury at 
lower pressures. Suitable equipment for 
this purpose is described in the Supple- 
ment, Section A4 (0). 

(h) Safety Screen that adequately 
shields the operator from the distillation 


apparatus. 


Standardization of Apparatus 


4. Thermocouple.—Calibrate’ the ther- 
mocouple and potentiometer as a unit by 


pes detailed directions for the of thermo- 
see Wm. F. Roeser and “Methods 
‘esting Thermocouples and Thermocou Materials,”’ 
Journal of Research, Nat. Bureau ce a Vol. 14, 
1935, pp. 247-282. (RP- 768), or | Its Meas- 
urement and Control in Science and ndustry,” 
of the American Institute of Physics, 
blishing Corp., New York, N. Y., pp. 284-314 (1941). 
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comparison with a working standard in 
a stirred liquid bath. Use as calibration 
points the temperatures 32, 100, 200, 
300, 400, 500, and 600 F. (0, 38, 93, 149, 
204, 260, and 315(C.). If necessary for 
the potentiometer employed, prepare a 
chart by means of which the potentiome- 
ter reading can be converted to degrees 
Fahrenheit or Centigrade with an accu- 
racy of 1F. (0.6C.). 


Note 2.—The working standard may be 
either a platinum resistance thermometer or a 
calibrated mercury-in-glass thermometer certi- 
fied by the National Bureau of Standards. A 
thermocouple calibrated by the National Bureau 
of Standards may be used as a working stand- 
ard if the potentiometer, used to measure its 


emf., is accurate to plus or minus 0.02 mv. a 


Sample 


5. The sample should be moisture free. 
When necessary, it may be dehydrated 
by any suitable means before it is 
weighed into the flask. A suggested 
method for dehydrating the sample is 
given in the Supplement, Section AS. 


Preparation of Apparatus 


6. (a) Mount the thermocouple in the 
column as shown in Fig. 3. The center 
line of the thermocouple must be coinci- 
dent with the center line of the column, 
and the joint between the Kovar tip and 
the glass stem of the thermocouple must 
be on a level with the inside of the bottom 
of the vapor outlet tube at its junction 
with the column. The exact location of 
the tip of the thermocouple in the assem- 
bly is of the utmost importance. 

(6) Connect the vacuum system and 
the manostat to the distillation appa- 
ratus through the connection at the top 
of the condenser. Connect the pressure 
measuring device to the tube at the top 
of the distillation column. Use a McLeod 
gage for pressures of 20 mm. of mercury 
and below; above 20 mm. of mercury 
use a manometer or other device having 
the specified 
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Note 3.—-It is desirable to install cold traps 
between the apparatus and the pressure meas- 
uring device and between the apparatus and 
the vacuum system, as indicated in Fig. 1. 
These are precautionary steps to protect the 
pressure measuring and controlling devices, but 
are not essential as far as the results of the test 
are concerned. A liquid nitrogen trap may be 
necessary if the sample being distilled contains 
much sulfur or releases corrosive gases. When a 
McLeod gage is used to measure the pressure, 
satisfactory operation of the gage requires that 
it be protected by a liquid nitrogen trap. 


(c) Connect the circulating cooling 
fluid system so that the fluid flows, in 
order, through the distillate receiver 
jacket, the condenser, and the jacket of 
the side arm cooler. Adjust the tempera- 
ture of the cooling fluid so that the 
liquid circulating in the system is at 
140 + SF. (60+ 3C.). 


Note 4.—Although 140 F. (60C.) is a 
suitable temperature for most distillations, other 
temperatures may be used, as required for 
convenient handling of the sample being dis- 
tilled. In all cases, maintain the temperature of 
the cooling fluid in the system constant within 
plus or minus 5 F. (3 C.). te 

7. (a) Determine the specific gravity 
of the oil sample at the temperature of 
the receiver by means of a hydrometer by 
A.S.T.M. Method D 287,? Test for 
Gravity of Petroleum and Petroleum 
Products by Means of the Hydrometer, 
or other suitable means of equal ac- 
curacy. 

(6) Weigh into the distillation flask a 
quantity of oil equivalent to 200 ml. of 
the sample at the temperature of the 
receiver. Determine the weight to within 
0.1 g. 

(c) Place a small plug of glass wool in 
the distillation flask thermometer well 
and insert the thermometer, or thermo- 
couple. 

(d) Lubricate the spherical joints of 
the distillation apparatus with a mini- 
mum amount of suitable grease. Make 


Procedure 
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certain that the surfaces of the joints are 
clean before applying the grease and use 
only the minimum quantity required. 
Place the flask on the heater and connect 
the spherical joints of the apparatus 
together. Clamp the joints together by 
means of adjustable spring clamps. 


Nore 5.—Silicone high vacuum grease‘ has 
been used for this purpose. An excess of this 
lubricant applied to the flask joint may cause 
the sample to foam during distillation. 


(e) Start the vacuum pump and ob- 
serve the flask contents for signs of 
foaming. If the sample foams, allow the 
pressure on the apparatus to increase 
slightly until the foaming subsides. Gen- 
tle heat may be applied to assist the 
removal of dissolved gas. For general 
directions for suppression of excessive 
foaming of the sample, see the Supple- 
ment, Section A6. 

(f) Evacuate the apparatus until the 
pressure reaches the level desired for the 
distillation. Failure to reach the distilla- 
tion pressure, or an excessive increase in 
pressure in the apparatus with the pump 
shut off, is evidence of serious leakage 
into the system. Readmit air into the 
apparatus and relubricate all joints. If 
this does not result in a vacuum-tight 
system, examine other parts of the sys- 
tem for leaks by appropriate means. 

(g) Turn on the heater and apply heat 
as rapidly as possible to the flask with- 
out causing undue foaming of the sample. 
As soon as vapor or refluxing liquid ap- 
pears at the joint between the flask and 
the column, adjust the rate of heating so 
that the distillate is recovered at from 4 
to 8 ml. per min. Continue the distilla- 
tion until either a liquid temperature of 
750 F. (400 C.) or the maximum vapor 
temperature is reached. 


Note 6.—The maximum vapor temperature 
may result either from complete distillation of 
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cm oil before the flask temperature has reached 
- 750 F. (400 C.) (that is, an end point) or be- 
cause of the incidence of cracking. The latter 
will be evidenced by an increase in the distilling 
Te rate while the vapor temperature remains sta- 
- a tionary or recedes. Adjustment of the distilling 
rate then results in a marked drop in vapor 
temperature. “Smoking,” the presence of clouds 
of light vapor, and a significant increase in the 
pressure of the system are other indications of 
= cracking. When these conditions are observed 
it is advisable to discontinue the distillation. 


(hk) Lower the flask heater a few inches 

and cool the flask and heater with an 

air blast. Repressure the still with nitro- 

“3 gen, if it is necessary to dismantle the 

apparatus before it has cooled below 

= 200 F. (93 C.). Carbon dioxide may also 

be used for repressuring, provided liquid 
a nitrogen traps are not in use. 

= ip Note 7.—Danger.—Repressuring the still 

with air while it contains hot oil vapors may 

result in fire or explosion. 


(i) Record the potentiometer reading 
i which corresponds to the vapor tempera- 
: ture prevailing when each of the follow- 


ing volume percentage fractions of the 

_ charge has been collected in the receiver: 
5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 
and at the end point. If the liquid tem- 

perature reaches 750F. (400C.), or if 
_ the vapor reaches a maximum tempera- 
ture before the distillation end point is 
observed, record the potentiometer read- 
ing at the time the distillation is dis- 
continued. In the latter case, record the 
total volume per cent recovered. When a 
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product is tested for conformity with a 
given specification, make and record al! 
necessary observations, whether or not 
they are included in the series listed in 
this paragraph. 

(j) Observe the pressure indicated by 
the pressure measuring device on each 
occasion that a potentiometer reading is 
recorded. Record the observed pressure 
along with the corresponding vapor tem- 
perature for each observation. 


Calculation and Report 


8. (a) When necessary, convert the 
potentiometer readings to temperatures 
by means of the chart described in Sec- 
tion 4, 

(6) Report the vapor temperatures in 
degrees Fahrenheit, corresponding to the 
volumetric percentages of liquid recov- 
ered at which the observations were 
made. 

(c) Report the pressure under which 
the distillation was carried out. If the 
pressure fluctuates by more than 1 per 
cent of its absolute value during the dis- 
tillation, report the actual pressure read- 
ing corresponding to each value of vapor 
temperature reported. 


Precision 


9. Cooperative work at 10 mm. of 
mercury indicated a repeatability and 
reproducibility of plus or minus 5F. 
(3 C.) from the mean. 
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Distillation Apparatus Assembly 


Al. (a) Flask, constructed of heat-resistant 
glass,® shall conform to the dimensions shown 
in Fig. 2. Insylate the flask with asbestos wick- 
ing and insulating cement as shown in Fig. 1. 

Note 8.—A convenient means for insulating 
the flask is as follows: 

Wrap the flask with approximately 12 ft. 
of asbestos packing® in the following manner: 
Set the flask in the operating position, that 
is, in the hole in the transite board at the 
top of the heater assembly. Separate and 
flatten the strands of the packing for about 
1 in. on one end. Starting at the top of the 
flask neck below the semiball joint, place 
the flattened end of the wicking on the neck. 
Start wrapping spirally, covering the flat- 
tened end with the first turn. Wrap tightly 
until reaching } in. from the transite board. 
Cut off the excess packing, leaving 1 in. of 
free end, flatten, and tuck it under the last 
turn. 

Wet the wicking on the flask by rubbing 
water into it. This prevents the cement which 
is applied later from drying too rapidly 
because of the absorption of water from the 
cement mixture. 

Thoroughly mix dry insulating cement’ 
with approximately 5 per cent by volume of 
Portland cement. Add water to form a soft 
workable paste. Apply a }-in. layer of this 
mixture over all the wicking. Cover the upper 
and lower ends of the wicking so as to seal 
to the glass. Mold the cement into the space 
between the transite board and the wicking. 
Place the insulated flask in an oven and dry 
at 150 F. (65 C.). 

(b) Column, constructed of heat-resistant 
glass,® shall conform to the dimensions shown in 
Fig. 3. Insulate the column with asbestos wicking 


§ Pyrex glass has been found satisfactory. 

* The packing has an apparent diameter of % in. and 
weighs approximately 9 to 10 g. per foot. It consists of 
three loosely twisted strands of asbestos, each formed 
around a cotton string center. The requirements of this 
packing Tod met by Johns-Manville type No. 4202 asbestos 
wick in 

— No. 302 insulating cement is suitable. 
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APPARATUS DESCRIPTION AND NOTES ON PROCEDURE 


and insulating cement as shown in Fig. 1. Install 
a foam breaker in the column as shown in Fig. 4. 

Nore 9.—A convenient means for insulating 
the column is as follows: 

Take 5 ft. of packing® and flatten one end. 
Place the flattened end on the column ad- 
jacent to the 19/38 standard tapered joint and 
wrap spirally, covering the flattened end with 
the first turn. Wrap tightly until the top of 
the vapor outlet tube is reached. Carry the 
packing to the other side of the vapor tube 
and continue wrapping the column to within 
2 in. of the male semiball joint. Cut off excess 
packing, leaving 1 in. of free end, flatten, 
and tuck it under the last turn. 

Take 4 ft. of packing, separate and flatten 
the end as before. Place the flattened end on 
the vapor outlet tube adjacent to the 35/20 
spherical joint, and wrap spirally, covering 
the flattened end with the first turn. Wrap 
tightly until the uncovered portion of the 
column is reached. Then loop the wicking 
around the column, immediately above and 
below the side-tube. Cut off the excess 
packing, leaving 1 in. of free end, flatten 
and tuck it under the last turn. This should 
leave a space between wrappings opposite 
the vapor side-tube for a thermocouple sight 
hole. 

To provide for the thermocouple sight hole, 
place a No. 5 cork stopper with the small 
end next to the glass on the side opposite 
the vapor outlet connection. The center of 
the cork must be located in line with the 
inside of the bottom of the vapor outlet tube 
at its junction with the column. 

Wet all of the packing on the column and 
side-tube and cover with the insulating ce- 
ment mixture, in a manner similar to that 
used for covering the distillation flask. Place 
the insulated column in an oven and dry at 
150 F. (65 C.). 

(c) Condenser, constructed of heat-resistant 
glass,5 shall conform to the dimensions shown 
in Fig. 5. Provide a light link chain* for the 
condenser drip-tip as shown in Fig. 6. 

* The types of chain used in the 200-g. ‘‘Chain-o-ma 


tic” balances (Christian Becker Co., Monhegan, Clifton, 
N. J.) or in the manufacture of costume jewelry are 
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(d) Product Receiver, constructed of heat- 
resistant glass,® shall conform to the dimensions 
shown in Fig. 7. 

Nore 10.—The glass parts of the apparatus 
are subjected to severe thermal conditions and, 
to lessen the chances of failure during a test, 
only equipment shown to be strain-free by a 
polarized light test should be used. 


Repucep Pressure Test or PetTroLeum Propucts 


Distiliat 


NOTE: THE THERMOWELL MAY BE INSTALLED EITHER BY 


30 


Heater 


A3. Heater shall be constructed as shown in 
Fig. 8. 


Pressure System 


A4. (a) Pressure Measuring System.—An ap- 
propriate closed-end mercury manometer and a 


Diameter of bulb, 
outside, 102 +2 


Diameter of neck, 
inside 25+1 


j 
Length of neck 1003 


Pyrex glass 


All dimensions 
in millimeters 


= SEALING INTO THE FLASK OR BY MEANS OF A 
> GROUND TAPERED JOINT. FOR DISTILLATIONS IN = 7 
WHICH THE TEMPERATURE CANNOT EXCEED 750 F,, 
nd THE THERMOWELL MAY BE OMITTED. 
5 Fic. 2.—Distillation Flask. 
3 Vapor Temperature Measurement McLeod gage comprise a suitable pressure meas- 
uring system. The manometer shall be long 
. _ A2. Thermocouple,’ iron-constantan, in Kovar enough to measure all the pressures encountered 
F tip, constructed as shown in Fig. 9. in the use of the apparatus and shall be equipped 
a with means for accurately measuring the dif- 
ferences in level of the arms under operating 
*The thermocouple used in this method has been +s 
described by Rolfson, Penther, and Pompeo, Analytical conditions. The McLeod gage shall have an 
Chemistry, Vol 20, 1948, pp. 1014-19. At the present time, accurately known volume ratio of at least 10 to 
Only Manufacturing source is nkIn SsDIOW- 
ing Co., 3990 Franklin Canyon Road, Martinez, Calif. 1 and be of the quadratic scale type. In any 
os It was, the ori inal intention of Section E, Research pressure measuring system adequate traps shall 
Vision , of Committee D-2, in developing this pro- * * 4s 
mothed 00 use & thermometer os the vaper temeare- be provided to prevent vapors from the distilla- 
ture measuring device. A considerable amount of the early tion apparatus from interfering with the func- 
cooperative oratory work was carried out using the — s 
A.S.T.M. thermometer 3 F - 49, but the reproducibility tioning of the gages, or accidental flow of mer- 
obtained was not satisfactory. Later experience, with the cury or other manometric liquid into the 
special thermocouple, now descri in the me gave * oes : 
improved reproducibility, and it was therefore adopted manostat or distillation apparatus. 
as the ole mene, A vapor, temperature (b) Pressure Regulating System.—The follow- 
or continuation WOrk eve. opment an or 
) experiments intended to determine correlations for vapor ing & sugges ted as a satisfactory example of a 
temperaters with thi pressure regulating system: A “Pressovac” or 
t e time publication is me’ or orma- smi H 
3 tion, efforts to specify a thermometer as an alternate similar low efficiency, high capacity pump Is 
E means of mencering ve r tem matures in this method connected to one of two surge tanks, each hav- 
have not been successful since the differences in readings =; : . 
: obtained by the thermocouple and available thernom- ng a capacity of 3 to 5 gal. and arranged in 
J eters appear to vary with the boiling range of the series. A solenoid valve or other type regulator 
= sample being distilled. Further study of this problem 


may lead to specifications for a thermocouple and ther- 
mometer which can be used interchangeably. 


is installed in the connection between the tanks 
so that the first tank is maintained at pump 
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pressure and the second one at the pressure of the 
distillation apparatus. With some apparatus it 
may be desirable to have a slight bleed to the sec- 
ond tank which will cause the controls to operate 
at regular intervals in order to provide smooth 
operation. However, experience has shown that 
the bleed should be held at an absolute mini- 
mum in order to prevent loss of vapors through 
the manometer connection at the top of the col- 
umn. Connecting lines from the second tank to 
the vacuum distillation apparatus should be as 
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short in length and as large in diameter as pos- 
sible. A diameter of 4 in. is suggested as a 
minimum for these connections. For multiple 
still arrangements, it is possible to use a large 
pump and a large low-pressure surge tank. Sev- 
eral smaller tanks operating at the pressures of 
the various distillations can be attached to the 
large low-pressure surge tank with individual 
pressure regulators. Other arrangements may 
be used, provided the pressure is maintained con- 
stant within the limits specified in Section 3 (g). 

Neots 11.—If a solenoid valve or other elec- 
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OF FLARE 
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THER MOCOUPLE 
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trically operated regulator is used, a suitable 
manostat is required for activation of the reg- 
ulating device. Many such manostats are de- 
scribed in the literature or are supplied by la- 
boratory warehouses. As an alternate for the 
separate manostat and solenoid, a “Cartesian 
Manostat’’’ may be used. This device is capa- 
ble of maintaining the system pressure within 
the specified limits down to a pressure of about 
10 mm. of mercury. Also available commercially 
is a “package” manostat assembly" consisting 
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- Fic. 3.—Distillation Column and Thermocouple Installation. 


of an air leak, controlled by a diaphragm-type 
pressure indicator together with all the necessary 
electrical equipment, valves, etc. This “package”’ 
is used without an additional solenoid or regu- 
lator. 


AS. Dehydration of Sample-—The following is 


® Available from the Emil Greiner Co., 20-26 N. 
Moore St., New York 13, N. Y. 

 Avai from Precision Scientific Co., 3737 W. 
Cortland 


t., Chicago 47, Ill. 
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REDUCED PRESSURE DISTILLATION 


suggested as a convenient means of dehydrating 
samples to be subjected to this distillation test. 
Heat 300 ml. of the sample to 180 F. (82 C.) 
and stir vigorously for it to 15 min. after 
adding 10 to 15 g. of 8 to 12-mesh calcium 
chloride. Allow the mixture to cool without 
stirring, and remove the oil laryer by de- 
cantation. 
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Slow rates of pressure reduction and of tempera- 
ture increase for the oil in the flask are impor- 
tant factors in achieving success by this means. 
Another method of degassing is to filter the 
sample under vacuum before weighing. 

(c) Application of Steel Wool: 

(1) Take about 10 g. of a folded pad of 
medium grade steel wool. Unfold, and separate 
into 8 to 10 long loose strands. Push each strand 


3 PRONGS TO HOLD BREAKER IN 7 
POSITION IN DIST. COLUMN. : 


— 


\ 


20 MESH SS 


HANDLE FOR 


PLACING OR REMOVING 
25 BREAKER. 


SECTION A-A’ 
Suppression of Foaming of the Sample 7 7 


A6. The tendency of samples to “bump” or 
foam excessively is frequently a serious obstacle 
to the successful distillation of petroleum prod- 
ucts under vacuum. In some cases, this is due to 
the presence of water or dissolved gases, but 
many samples foam even when apparently free 
from these contaminants. There is no unanimity 
of opinion concerning the best way to reduce 
excessive foaming to manageable proportions. 
The methods listed below are offered solely as 
examples of means that have been employed 
successfully for that purpose. 

(a) Dehydration.—This is referred to in the 
immediately preceding Section AS. 

(b) Degassing.—The procedure described in 
Section 7(e) is intended to promote degassing. 


VIEW SHOWING BREAKER 


Fic. 4.—Foam Breaker. 


ALL DIMENSIONS IN i 
MILLIMETERS. 


IN PLACE 


separately into the bulb of the flask. Avoid 
packing tightly or the formation of large void 
spaces. Fill the upper half of the bulb with steel 
wool, but do not allow any strand to protrude 
more than } in. into the neck of the flask. 

Or, (2) Take 0.5 to 0.6 g. of grade 2 steel 
wool. Roll into five balls, each approximately 8 
to 10 mm. in diameter and drop into the flask. 

(d) Boiling Chips.—These consist of broken 
pieces of porcelain drying plates or broken 
alundum thimbles which are dropped into the 
flask before starting a distillation. Hengar gran- 
ules of the plain type, as used in Kjeldahl 
nitrogen determinations, are also used in the 
same way. 

(e) Silicone Fluids—The addition of one or 
two drops of Dow Corning Silicone Fluid No. 
200 (350 centistokes) to the sample in the flask 
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wryrex glass 


[an dimensions 


in millimeters 


joining of the jacke 
shall be 60 + 2 deg. 


is effective in the suppression of foam in many 
cases. 

(f) Flask Preparation—Some laboratories 
have treated the inside of the flask, prior to 
use for distillation, in order to provide an active 
ebullition surface. Methods used for this pur- 


oe SMOOTH JOINT REQUIRED BETWEEN 


ORIP-TIP & CONDENSER WALL ,TO 
AVOID LIQUID HOLD-UP 

Nore.—Glassware fabricators have advised that the sidearm condenser jacket 
cannot conveniently be sealed to the vertical condenser as shown. Accordingly, the — 
le ne + 2 mm.) of the condenser and joint is changed to 135 + 5 mm. to permit 
ring- t to the inner tube in conformity with standard prac- 
tice. The angle of the junction of the sidearm condenser with the vertical condenser _ 


Fic. 5.—Condenser. 


RECEIVER 
Z CHAIN TO HANG 
Z H TO HERE 


NOTE: THE CHAIN SHOWN SHALL BE OF SUCH SIZE THAT 
ITS DISPLACEMENT OF LIQUID BELOW THE 200ML. 
MARK SHALL NOT EXCEED 0.! MILLILITER, 


Fic. 6.—Detail of Drip-Chain Attachment to Condenser. 


IF NO SMALL 
HOLE IS AVAILABLE 
IN CONDENSER DORIP- 
TIR SUSPEND CHAIN 
BY SPRING AND HOOK 
AS SHOWN ABOVE, 


pose include: boiling 100 ml. of 33 per cent 
sodium hydroxide solution for 15 to 20 min., 
etching of the inside of the flask bottom with 
hydrofluoric acid fumes, the fusion of fine car- 
borundum or fritted glass to the inside of the 
flask bottom. 
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26 Spherical joint 


640.5 


Calibration 


Total volume 200ml. 


Ring every 20 ml. 


Long line every 10 ml. 


Short line every 2ml. 
Pyrex glass 


All dimensions in 
millimeters 


3 INDENTATIONS 120°APART 
TO CENTER TUBE INSIDE. avoid 
OBSCURING GRADUATIONS. 
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NO. 30 GAGE IRON-CONSTANTAN 
GLASS FIBER COVERED THERMO- 
COUPLE WIRE APPROX. 36"LONG 


NO. 24 DRIL 
NO. 60 DRILL 
THROUGH (0.152") 


APPROX. 8" 


6-7 wup.D., 3mum.).0.,NO.705-2 
PYREX CAPILLARY TUBING 


pene GLASS SEAL TO KOVAR 
if 


-KOVAR TIP, SEE DETAIL 


COPPER BRAZE WITH BORAX FLUX 
THERMOCOUPLE WIRES TO KOVAR 
TIP, FINISH SMOOTH. 


Fic, 9.—Kovar Tipped Thermocouple. 
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Definition 


1. Farm Tractor Fuel means any pe- 
troleum product, exclusive of gasoline, 
diesel fuel and liquefied petroleum gases, 
which is used for the generation of pow- 
er for the operation of farm implements 
and conforms to the specifications for 
one of the grades prescribed in Section 2. 


Specifications 


2. The two grades of tractor fuel shall 
conform to the following requirements: 


LicHt GRADE 
A.S.T.M. Distillation: 
10 per cent Point, Recovered... .347 F., max. 
95 per cent Point, Recovered... .465 to 518 F. 
Octane No., A.S.T.M. Motor Method. . .35, min. 
Corrosion, Copper Strip Test, 3 hr. at 122 F. 
pass. Sulfur......1 per cent, max. 


REGULAR GRADE 

A.S.T.M. Distillation: 

10 per cent Point, Recovered... .347 to 401 F. 

95 per cent Point, Recovered... .465 to 518 F. 

Octane No., A.S.T.M. Motor Method.. . .35, min. 

Corrosion, — Strip Test, 3 hr. at 122 F. 
awit pass. Sulfur......1 per cent, max. 


1 This proposed definition and specification are under 

the jurisdiction of the AS.T.M. Committee D-2 on Petro- 

— ——— and Lubricants. Published as information, 
une, 


These proposed definitions and specifications are published as information 
only. Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


PROPOSED DEFINITION AND SPECIFICATIONS FOR TRACTOR FUELS! 


Methods of Testing 


3. The requirements enumerated in 
Section 2 shall be determined in accord- 
ance with the following methods of test- 
ing of the American Society for Testing 
Materials: 

(a) Distillation.—Standard Method of 
Test for Distillation of Gasoline, Naph- 
tha, Kerosine, and Similar Petroleum 
Products (A.S.T.M. Designation: D 86).2 

(6) Octane Number.—Standard Method 
of Test for Knock Characteristics of Mo- 
tor Fuels by the Motor Method (AS. 
T.M. Designation: D 357).? 

(c) Corrosion.—Tentative Method of 
Test for Free and Corrosive Sulfur in 
Petroleum Products (A.S.T.M. Designa- 
tion: D 130).* 

(d) Sulfur.—Tentative Method of Test 
for Sulfur in Petroleum Products by the 
Lamp—Gravimetric Method (A.S.T.M. 
Designation: D 90). 
2 1949 Book of Standards, Part 5. 
* 1950 Supplement to Book of ASTM Standards, Part 5. 
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The past year was a period of marked 
activity for Committee D-3 on Gaseous 
Fuels and its subcommittees. Two new 
methods, covering methods of test for 
specific gravity of gaseous fuels and for 
measurement of gaseous fuel samples, 
were completed and accepted as tenta- 
tive. Substantial progress was also made 
in the preparation of several others. 

Meetings of Committee D-3 were held 
in Atlantic City on June 28, 1949, and in 
Pittsburgh on February 28, 1950. Sev- 
eral of the subcommittees also met at 
these times. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, A. W. Gauger. 

Vice-Chairman, E. F. Schmidt. 

Secretary, K. R. Knapp. 

Advisory Committee: S. W. Burdick, 

R. L. Dodge, E. O. Mattocks, and 
Martin Shepherd. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee D-3 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


New Tentative Methods of Test for: 


Specific Gravity of Gaseous Fuels (D 1070- 
49T), and Measurement of Gaseous Fuel 
Samples (D 1071 - 49 T). 


These recommendations were accepted 
by the Standards Committee on Sep- 


1 Presented at the zip third Annual Meeting of the 
June 26-30, 1 


tember 22, 1949, and the new tentative 
methods appear in the 1949 Book of 
A.S.T.M. Standards, Part 5, and in the 
1949 Compilation of A.S.T.M. Stand- 
ards on Gaseous Fuels. 


Subcommittee I on Collection of Gaseous 
Samples (E. O. Mattocks, chairman).— 
A revised draft of a proposed tentative 
method for sampling natural gas was 
prepared and distributed to the subcom- 
mittee members for review. This resulted 
in some final editorial revisions which are 
now being incorporated, preparatory to 
submitting the final draft to Committee 
D-3 for approval. 

A revised draft of a proposed tentative 
method for sampling manufactured gas 
also was prepared and distributed to the 
subcommittee. Comments received indi- 
cated that further revision would be 
necessary and a new draft will be pre- 
pared. 

It is hoped that a method for sampling 
liquefied petroleum gases will be in readi- 
ness for subcommittee distribution in the 
near future. 

Subcommittee II on Measurement of 
Gaseous Samples (H. S. Bean, chairman). 
—The new Tentative Methods for 
Measurement of Gaseous Fuel Samples 
(D 1071 -49 T) were prepared by this 
subcommittee. 

Subcommittee IV on Determination of 
Specific Gravity and Density of Gaseous 
Fuels (E. F. Schmidt, chairman).—As 
the result of much work and study, in- 
cluding an extensive investigation of 
contemporary types of specific gravity 
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apparatus, the new Tentative Methods 
of Test for Specific Gravity of Gaseous 
Fuels (D 1070-49 T) were completed 
by this subcommittee. Following their 
acceptance by the Standards Committee, 
these methods were published in the 1949 
compilation of “A.S.T.M. Standards on 
Gaseous Fuels.” The members of Com- 
mittee D-3 were requested that those 
familiar with specific gravity testing sub- 
mit comments on the published tenta- 
tive method in order that any revision 
or correction may be made in the next 
printing. 

Subcommittee V on Determination of 
Special Constituents of Gaseous Fuels.— 
At the last meeting of the subcommittee, 
agreement was reached to write up the 
referee method for determination of total 
sulfur, including the scope of this method 
and its recognized limitations, so that 
distribution could be made to the mem- 
bers for study and comment. It was also 
decided to establish a task force to study 
effects of metering in sulfur removal and 
the problems involved. Further examina- 
tion of several methods of sulfur removal 
was also proposed with the objective of 
developing one for use with gaseous fuels. 

Subcommittee VI on Determination of 
Water Vapor Content of Gaseous Fuels 
(A. W. Gauger, chairman).—A proposed 
tentative method for measuring the 
water vapor content of fuel gases by the 
dew-point method was distributed to 


subcommittee seahen for letter ballot 
in advance of the February 27, 1950, 
meeting. Comments received were dis- 
cussed at this meeting and the method 
was approved with suitable revisions to 
cover them. The revised method is now 
the subject of letter ballot in Committee 
D-3. 

Subcommitiee VII on Complete Analy- 
sis of Chemical Composition of Gaseous 
Fuels (Martin Shepherd, chairman).— 
Two proposed methods for analysis have 
been prepared and presented to Com- 
mittee D-3 for letter ballot approval. 
These cover analysis of natural gases by 
the volumetric-chemical method and 
analysis of natural gases and related 
types of gaseous mixtures by the mass 
spectrometer. Active work is now in 
progress on the two other proposed 
methods. A sample is also in preparation 
for analysis by various methods. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 34 members; 34 members returned 


their ballots, of whom 32 have voted 


affirmatively and 0 negatively. 


@ 


Respectfully submitted on behalf of 


the committee, 
A. W. GAUGER, 
Chairman. 
K. R. Knapp, 
Secretary. 
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EprroriaL Note 


Subsequent to the Annual Meeting, Committee D-3 presented to the Society | 


through the Administrative Committee on Standards the following recom- 
mendations: 


New Tentative Method of: 
Test for Analysis of Natural Gases by the Volumetric Chemical Method (D 1136-50 T), and 
Test for Analysis of Natural Gases and Related Types of Gaseous Mixtures by the Mass S$; 
trometer (D 1137 - 50 T). 


These recommendations were accepted by the Standards Committee on Sep- 
tember 26, 1950, and the new tentative methods appear in the 1950 Supple- 
ment to Book of ASTM Standards, Part 5. 

On December 14, 1950, the Administrative Committee on Standards accepted 
the recommendation of Committee D-3 that the Method of Test for Water Va- 
por Content of Gaseous Fuels by Measurement of Dew Point Temperature be 
published as tentative. The new tentative method appears in the 1950 Supple- 
ment to Book of ASTM Standards, Part 5, bearing the designation D 1142 - 50 T. 


| 


+ 


Committee D-4 on Road and Paving 
Materials has held three meetings during 
the past year: in Atlantic City, N. J., 
on June 29, 1949; in San Francisco, 
Calif., on October 12, 1949; and in 
Pittsburgh, Pa., on March 2, 1950. 

The committee has lost a number of 
long-time members by death during the 
past year. Ernest H. Nichols, who died 
on June 14, 1949, had been a committee 
member since 1940. Henry M. Milburn, 
a member since 1919 and active on many 
subcommittees, died on September 20, 
1949. Charles S. Reeve, who had been 
a member of Committee D-4 since 1912, 
was formerly chairman of the major 
subcommittee responsible under the orig- 
inal organization for all methods and 
specifications relating to bituminous 
road and paving materials, and subse- 
quently was third vice-chairman in charge 
of Group B subcommittees. His sudden 
death on January 6, 1950, brings a feel- 
ing of loss, not only to the members of 
Committee D-4 but also to many other 
Society members familiar with his in- 
terest in various A.S.T.M. activities. 
Irvin S. Badger, a member since 1948, 
and a valuable member of Subcommit- 
tee C-6 on Brick and Block Pavements, 
died on March 4, 1950. In the death of 
Chester A. Hogentogler on June 18, 
1949, the committee lost a former active 
member whose achievements in develop- 
ing the science and practice of soils 
engineering were widely recognized. 

In appreciation of the services of these 
gentlemen to the committee and in 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
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recognition of their contributions to 
our knowledge of highway materials, 
Committee D-4 has adopted a number of 
Memorial Resolutions, copies of which 
have been sent to their families and to 
the President of the Society. 

Committee D-4 has several members 
whose committee activities extend back 
to the earlier days of the Society and who 
have been major contributors to the de- 
velopment of specifications and methods 
of testing long recognized as standard. _ 
Committee D-4 has elected two of these ts 


members to honorary membership in 7 Le 

the committee: A. W. Dow, president 
of A. W. Dow, Inc., and a member of — 
Committee D-4 since 1903; and H. H. 


Scofield, professor of Testing Materials, = 
emeritus, Cornell University, and a 
member of Committee D-4 since 1914. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee D-4 presented to the 
Society, through the Administrative 
Committee on Standards, recommenda- 
tions for publication of the following: P 


Tentative Specifications for: 


Fine Aggregate for Sheet Asphalt and Bitumi- 4 
nous Concrete Pavements (D 1073 - 49 T), 7 

Tentative Methods of Test for: 


Compressive Strength of Bituminous Mixtures _ 
(D 1074-49 T), and 

Effect of Water on Cohesion of Compacted 
Bituminous Mixtures (D1075-49T), 
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Tentative Revisions of Standard Methods of Test 
for: 

Determination of Bitumen (D 4-42), and 

Penetration of Bituminous Materials (D 5 - 49), 

Tentative Revision of Recommended Practice for: 


Bituminous Paving Plant Inspection 

(D 290 - 39). 

The tentative specifications, tentative 
methods of test, tentative revision of 
Standard Method D 4, and tentative 
revision of Recommended Practice D 290 
were accepted by the Administrative 
Committee on Standards on September 
22, 1949. The tentative revision of 
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changed to be consistent with Tentative 
Specifications for Hot-Mixed, Hot-Laid 
Asphaltic Concrete for Base and Surfaces 
Courses (D 947-49T) and Tentative 
Specifications for Asphaltic Mixtures 
for Sheet Asphalt Pavements (D 978 - 
49 T), recently approved for publication. 

The Tentative Method of Test for 
Compressive Strength of Bituminous 
Paving Mixtures is one of several meth- 
ods which are being standardized by 
Committee D-4, and is an essential part 
of the new Tentative Method of Test 
for Effect of Water on Cohesion of Com- 


TABLE I.—COOPERATIVE TESTS ON BITUMEN CONTENT OF PAVING MIXTURES. 


Asphalt Concrete | Sheet Asphalt 
7 Laboratory Mix Plant Mix 
(G) (C-1) 


Sheet Asphalt Tar Concrete 
Pavement boratory 
(C-2) Mix (H-1) 


Tar Concrete 
Laboratory Mix 
(H-2) 


Tegate passing 


Aggregate passing 
4 in., per cent 


in., per cent 


Aggregate passing 


passing 
in., per cent 


Aggresate passing 
in., per cent 


in., per cent 


Sample Semele Sample 
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Standard Method D 5 was accepted on 
January 25, 1950. 

On May 8, 1950, the Administrative 
Committee on Standards accepted the 
recommendation of Committee D-4 that 
the Standard Recommended Practice 
for Bituminous Paving Plant Inspection 
(D 290 - 39) be withdrawn. 

The new Tentative Specifications for 
Fine Aggregate for Sheet Asphalt and 
Bituminous Concrete Pavements (D 
1073 -49 T) replace the former Stand- 
ard Specifications for Sand for Sheet 
Asphalt and Bituminous Concrete Pave- 
ments (D 162-29), which were with- 
drawn in 1949. Terminology and require- 
ments of the former standard have been 


pacted Bituminous Mixtures. Standard- 
ization of these procedures is necessary 
for their application in research and in 
practical engineering use. There has long 
been a demand for a laboratory proce- 
dure for determining the effect of water 
and moisture on the service perform- 
ance of bituminous paving mixtures. 

The tentative revision of Standard 
Method of Test D 4-42 is partly edi- 
torial for the purpose of clarifying de- 
tails of procedure, and also modifies 
Method No. 2 of the standard to reduce 
the time required for completing de- 
terminations of bitumen in materials 
containing fine mineral matter. 

The tentative revision of Standard 
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Method of Test D5-49 provides for 
testing bituminous materials with pene- 
trations of 200 or less in a 3-o0z. container, 
after minimum periods of 1 hr. in air 
and 1 hr. in a .controlled temperature 
bath, thus restoring these requirements 
of the former standard, D5-25, as 
applied to bituminous materials of the 
lower range in penetration. 

The tentative revisions of the Recom- 
mended Practice for Bituminous Pav- 
ing Plant Inspection are mainly edi- 
torial in nature, intended to bring the 
terminology into accord with present 
practice and to make suitable reference 
to A.S.T.M. standards and tentatives 


approved in recent years. 
NEw TENTATIVE 


The committee recommends the pub- 
lication of a new Tentative Method of 
Test for Bitumen Content of Paving 
Mixtures, as appended hereto.? The pro- 
posed method is in accordance with 
practice which has been followed for 
many years by a large number of lab- 
oratories engaged in the testing of as- 
phaltic paving mixtures and should be 
standardized by the Society. Subcom- 
mittee B-6 on Extraction and Recovery 
of Constituents from Bituminous Mix- 
tures (R. R. Thurston, chairman) con- 
ducted cooperative tests in developing 
the recommended tentative method and 
results of these determinations, made 
in duplicate on five samples by nine 
laboratories, are presented in Table I. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


Committee D-4 recommends that the 
following revisions be immediately in- 
corporated in the standard, and accord- 
ingly requests the necessary nine-tenths 
affirmative vote at the Annual Meeting in 
order that the recommendation may be 
referred to letter ballot of the Society. 
"2 This method was accepted as tentative by the So- 


ciety and appears in the 1950 Supplement to ASTM Book 
of Part 3. 
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Standard Specifications for Asphalt Plank 
(D 517 - 40)? 


Section 11.—Delete all of Section 11, ae 
including the heading “Indentation,” 
and substitute the following: a 


11. Hardness.—The hardness of the plank, __ 
when tested in accordance with the method 
prescribed in Section 17, shall meet the follow- 


ing requirements: ies 
Temperature, Load, lb. Penetration, in. a 


deg. Fahr. 
50° not more than 0.25 
200 not more than 0.25 
Oe 1000 not less than 0.10 


Section 17.—Delete all of Section 17, - 
including the heading “Identation Test,” - 
and substitute the following: 


17. Hardness.—The hardness of the plank 
shall be determined by means of a penetrometer 
in which the pin in contact with the plank dur- 
ing the test is a right cylinder 5 in. in diameter 
for a distance of at least 14% in. from its lower 
end. The specimen shall be kept submerged in 
water maintained at the temperature specified 
for a time sufficient to insure that the specimen 
has attained this temperature throughout. The 
test shal] be made with the specimen submerged 


in water at the temperatures indicated in Sec- 
tion 11 and supported on a smooth, solid sup- he 
port not less than 2 in. in diameter and concen- “5 4 


tric with the contact pin of the penetrometer. hr 
The tests shall be performed upon samples at ; 
least 6 in. in length and of the full width of the  __ 
plank. In each case the required load shall be 
applied for a period of 60 sec., and the contact 
pin of the penetrometer shall be applied to the _ 
specimen at points 1)4 in. or more from the edge __ 
of the specimen. — 


TENTATIVES CONTINUED 
WirHovut REVISION 


The subcommittees of Committee ow) 
D-4 and the joint subcommittee of 2 
Committees D-4 and D-18 have re- 
viewed existing tentative specifications 


and methods of test which have been ° 
published by the Society for two years 
or more without revision, and Committee 


$1949 Book of A.S.T.M. Standards, Part3. 


| 


continued as tentative without revision: 


Tentative Specifications for: 


Materials for Stabilized Base Course (D 556- 
40 T)* and Materials for Stabilized Surface 
Course (D 557 - 40 T).2—The joint subcom- 
mittee of Committees D-4 and D-18 is co- 
operating with a committee of the American 
Association of State Highway Officials in an 
effort to combine these two specifications and 
to prepare simplified and more direct require- 
ments for suitable materials. 


‘ Asphalt Cements for Use in Pavement Construc- 


tion (D 946 - 47 T).*—Subcommittee C-1 is 
engaged in a study of additional requirements 
involving improved control of the properties 
and uniformity of asphalt cements. 


Preformed Expansion Joint Filler for Concrete 


© 


(Bituminous Type) (D 994 — 48 T).*—This pe- 
cification should have further consideration 
by Subcommittee D-3, which has been inac- 
tive during the past year because of the dif- 
ficulty of replacing the former chairman. , 

Tentative Methods of Test for: 

Loss on Heating of Oil and Asphaltic Cm 
pounds (D 6-39 T).*—This method of test 
has been in extensive use for many years, and 
should be retained until an improved pro- 
cedure can be adopted. A subcommittee is 
actively engaged in studying additional limita- 
tions for apparatus used in the method and 
the possibilities of developing an improved 
procedure. 

Moisture-Density Relations of Soils (D 698 - 42 
T)2—This method is under the joint jurisdic- 
tion of Committee D4 and Committee D-18 on 
Soils for Engineering Purposes. In its report at 
the 1949 Annual! Meeting, Committee D-4 rec- 
ommended that this method be approved for 
reference to letter ballot of the Society for adop- 
tion asstandard. This year the recommendation 
was continued. However, Committee D-18 rec- 
ommended that the method be continued as 
tentative without revision. 

Soil_Bituminous Mixtures (D 915-47 [).2—A 
subcommittee of Committee D-18 is planning 
to study this procedure further in correlation 
with construction control and service per- 
formance of stabilized highway soils. Such 
an investigation should be made to demon- 
strate the applicability and utility of the 
tentative method under practical conditions 
and is desirable as a basis for further action 
by Committees D-4 and D-18. 

Shear Strength of Flexible Road Surfaces, Sub- 


grades, and Fills by the Burggraf Shear Ap- 
paratus (D 916-47 T).*—The study of this 
method by use in field projects, mentioned 
in the 1949 report of Committee D-4, has not 
been completed. It is expected that extensive 
use of the method by the committee of the 
Highway Research Board may lead to im- 
provements in the apparatus or testing pro- 
cedure. 


The recommendations appearing in 
this report have been approved by letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee B-2 on Physical Tests 
for Compressed Bituminous Mixtures 
(L. F. Rader, chairman) has prepared 
a proposed tentative method of test 
for the resistance to plastic flow of 
fine-aggregate bituminous mixtures. This 
method of test is commonly known as 
the Hubbard-Field Stability Test and 
is widely used for the evaluation of 
paving mixtures, comprising aggregates 
of small size. The subcommittee is also 
considering a method for the determina- 
tion of specific gravity of compressed 
bituminous mixtures. The Triaxial Insti- 
tute, which is functioning as a project 
committee of Subcommittee B-2, is 
engaged in a comprehensive research 
program involving development of ap- 
paratus and testing procedures applica- 
ble to bituminous mixtures and correla- 
tion of triaxial test results with service 
performance and other methods for 
physical testing. This subject was an 
important topic of discussion at the 
San Francisco meetings of the Society 
and of Committee D-4. 

Subcommittee B-5 on Softening Point 
(I. E. Manning, chairman) is planning 
cooperative testing to study several 
features of the ring-and-ball softening 
point tests in an effort to develop a 


4 The letter belies vote on these recommendations was 
favorable; the resul meee of Ge vote are on record at ASTM 
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TABLE II.—RESULTS OF COOPERATIVE TESTS TABLE IV.—RESULTS OF COOPERA 


ON ROAD AND PAvING MATERIALS 


FOR DETERMINATION OF BITUMEN, SAMPLE 
ASPHALT CEMENT MIXED WITH 


OF 


Co- 

operator 
se 
ee 
I oe 
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POWDERED FILLER. 


TIVE TESTS 
FOR DETERMINATION OF BITUMEN, SAMPLE 
OF TRINIDAD ASPHALT CEMENT 

62 PENETRATION. 


Bitumen Mineral Difference (Or- 
(Soluble in | Matter (Ash),| ganic Insolu- 

CS:2), per cent} per cent ble), per cent 
Deter- Deter- Deter-| 
mina- mina- ina- | 
tions tions | *8 tions | *8 
81.12 17.32 1.56 
81.09 | 81.13 | 17.39 | 17.36 | 1.52 1.51 
81.18 17.36 1.46 
80.5 | 80.7 17.8 17.6 1.7 1.7 
80.8 17.5 1.7 
81.09 17.32 1.59 
81.23 | 81.18 | 17.32 | 17.30 | 1.45 1.52 
81.22 17.26 1.52 
80.93 17.07 2.00 
80.99 | 81.00 | 17.00 | 16.99 | 2.01 2.01 
81.08 16.89 2.03 
81.11 17.31 1.58 
81.09 | 81.09 | 17.35 | 17.33 | 1.56 | 1.57 
81.08 17.34 1.58 

-| 80.95 17.78 1.27 
81.05 | 81.00 | 17.65 | 17.68 | 1.30 1.32 
81.00 17.60 1.40 
81.08 | 81.05 | 17.48 | 17.47 | 1.44 1.48 
81.01 17.46 1.53 
81.16 17.40 1.44 
81.21 | 81.19 | 17.54 | 17.46 | 1.25 1.35 
81.20 17.45 1.35 
81.02 17.21 1.77 
80.90 | 80.95 | 17.25 | 17.23 | 1.85 1.82 
80.92 17.23 1.85 

-| 81.04 17.18 1.78 
80.79 | 80.85 | 17.43 | 17.37 | 1.78 1.78 
80.71 17.51 1.78 


TABLE III.—RESULTS OF COOPERATIVE TESTS 
FOR DETERMINATION OF BITUMEN, SAMPLE 
OF REFINED TRINIDAD ASPHALT. 


Bitumen Mineral | Difference (Or- 
(Soluble in | Matter (Ash), ganic Insolu- 
CS2), percent! per cent ble), per cent 
Deter- Deter- Deter- 
mina- | Aver’ | mina- | | mina- | Aver- 
tion tion tion 
55.5 36.4 8.1 
55.6 55.4 36.4 3%6.5 | 8.0 8.1 
$5.1 36.6 8.3 
56.5 34.2 9.3 
56.9 | 56.7 33.9 | 4.1 | 9.2 9.2 
55.4 36.5 8.1 
55.5 55.5 36.4 36.4 8.1 8.1 
56.1 35.8 35.7 8.1 
56.1 56.1 35.6 8.3 8.2 
55.7 36.4 7.9 
55.8 | 55.8 | 36.1 %.2 | 8.1 8.0 
$3.39 | 54.91 | 35.97 10.64 
56.06 34.87 | 35.36 | 9.07 | 9.73 
55.27 | 35.24 9.49 
| 


— of Sample, 0.5 g.; weight of asbestos mat, 


us” 


Bitumen Mineral Difference (Or- 
(Soluble in | Matter (Ash),| ganic Insolu- 
Co- CS), percent] per cent ble), per cent 
operator _ 
eter- eter- Deter- 
mina- | | mina- mina- — 
tions | *8° | tions | tions | 
71.4 23.7 4.9 
71.0 23.8 5.2 
72.5 19.1 19.5 | 8.4 
72.2 72.3 19.8 8.0 8.2 
71.3 23.4 5.0 
73.8 | 73.3 | 38.5 1288 | 5.1 
Mads 74.6 20.2 $.2 
74.5 | 74.6 20.6 20.4 | 4.9 5.0 
71.2 23.1 
71.3 71.3 | 23.2 23.1 $.§ 5.6 
72.68 22.16 5.16 
70.67 | 71.40 | 23.68 | 22.92 | 5.65 5.68 
70.86 22.91 6.23 


* Weight of sample, 1.0 g. and 0.5 g., respectively; 


weight of asbestos mat, 0.1 g. 


TABLE V.—RESULTS OF COOPERATIVE TESTS 
FOR DETERMINATION OF BITUMEN, SAMPLE 
OF TRINIDAD ASPHALT CEMENT, 

104 PENETRATION. 


Bitumen Mineral Difference (Or- 
(Soluble in | Matter (Ash),| ganic Insolu- 
CS), per cent per cent ble), per cent 
{Co-" 
Deter Deter-| 
eter- eter- 
Aver- | Aver Aver- 
mina- mina- | mina- 
tions | 28° tions | *8° tions | *8* 
75.3 20.4 4.3 
75.2 | 75.3 | 20.3 | 20.3 | 4.5 4.4 
75.5 20.1 4.4 
75.4 19.5 5.1 
75.8 | 75.6 | 18.8 | 19.2 | 5.4 5.3 
Se 75.3 20.2 4.5 4.5 
75.4 | 75.4 | 20.1 | 20.2 | 4.5 el 
77.2 18.7 4.1 
77.0 | 77.1 | 19.1 | 18.9 | 3.9 4.0 - 
G* -| 75.1 | 75.1 | 19.8 | 19.7 | 5.1 5.2 
75.1 19.6 5.3 
75.29 20.08 4.63 
75.23 | 75.34 | 19.67 | 19.95 | 5.10 | 4.71 
75.5 20.1 4.4 


* Weight of sample, 0.5 g; weight of asbestos mat, 
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Tr _ methods now published by the Society. 


Subcommittee B-7 on Viscosity and 


: Float Tests (C. A. Benning, chairman) 


a nation of Engler specific viscosity in 


preparation, which will probably be 
recommended to the committee for ap- 


+, sid proval during the coming year. 


Subcommittee B-21 on Solubility Tests 
(E. H. Porter, chairman) conducted a 


series of cooperative tests on the de- 


termination of bitumen in connection 
with the tentative revision of Standard 


a Method D 4. A sample of asphalt con- 


taining mineral filler and three samples 
of Trinidad asphalt were used in these 
tests. The results obtained by a number 
of laboratories are presented in Tables II, 


TE, IV, and V. This subcommittee is pre- 

_ paring a proposed standard procedure 

for the direct determination of ash in 
bituminous materials. 


| 


4 


Subcommittee C-4 on Specifications for 
Emulsified Asphalis (F. H. Baumann, 
chairman) is considering requirements 
for an additional grade of emulsified as- 
phalt suitable for surface treatment and 
having rapid-setting, high-viscosity prop- 
erties. 

Subcommittee C-12 on Bituminous Sur- 
face Treatment (W. H. Mills, chairman) 
_ has prepared a specification for crushed 
stone, crushed slag, and crushed gravel 
for use in single bituminous surface 
treatments and is considering require- 
ments applicable to other treatments. 

There is a need for specifications cov- 
ering hydrated lime for highway pur- 
poses, and Committee D-4 has requested 
Committee C-7 on Lime to undertake 
the preparation of specifications for this 
material. 


RESEARCH ACTIVITIES 
In its report presented at the 1949 


_ Annual Meeting, Committee D-4 listed 
a number of subjects on which consid- 


erable research is necessary for the de 
velopment of information essential to 
the development of reliable methods and 
specifications for the control of road 
materials. The subcommittees concerned 
with these problems are making consider- 
able progress, as evidenced by the 
acceptance of several new tentative 
methods during the past year and by 
the preceding summary of activities for 
a few subcommittees. Of particular 
interest is the development of labora- 
tory methods for the physical testing of 
compressed bituminous mixtures and 
study of the effects of moisture on their 
performance. An extensive program is 
under way, under the direction of Sub- 
committee B-25, to evaluate the re- 
producibility of the Tentative Method of 
Test for Effect of Water on Cohesion of 
Compacted Bituminous Mixtures. Sub- 
committee B-26 is studying a difficult 
problem, that of determining the effect 
of water on bituminous coatings applied 
to aggregates. Personal factors in exist- 
ing methods, involving an evaluation of 
uncoated areas on aggregates, lead to 
poor reproducibility, and the subcom- 
mittee is attempting to minimize the 
influence of these factors, studying a 
variety of suggested procedures. 

Present methods for the determination 
of asphalt content of asphaltic road ma- 
terials have questionable significance and 
reliability. Subcommittee B-1 has con- 
ducted a number of cooperative test 
programs, and the results of these tests 
have indicated that a method involving 
vacuum or steam distillation may pro- 
vide adequate information. Further work 
is in progress. 

In the field of aggregates, Subcom- 
mittee B-12 is continuing its study of 
the quality of particles according to 
hardness and is currently investigating 
the development of a method for abra- 
sion of sand. Subcommittee B-14 is 
endeavoring to develop a method for 
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the determination of specific gravity 
which will be significant in the control 
and.design of paving mixtures. 

Subcommittee B-16 is engaged in a 
study of possible methods for the evalua- 
tion of setting or curing properties of 
bituminous highway materials, for which 
there is no generally accepted procedure 
of demonstrated value at present. 

It has been realized for many years 
that the present standard method for 
loss on heating of asphaltic road materials 
is poorly reproducible and that the per- 
centages of volatile materials determined 
by this method may have little meaning 
in relation to performance qualities. 
Subcommittee B-18 is studying appara- 
tus and procedures in the development 
of an improved method. 

Last year, on the initiative of Com- 
mittees D-4 and D-8, a very successful 
symposium on accelerated tests for 
durability of bituminous materials was 
held during the Annual Meeting. One 
reason for proposing this symposium was 
to promote further thought and effort 
on the problem of adequate methods for 


evaluating service performance of bi- 
tuminous materials. Subcommittee B-19 
now is considering the development of 
a program aimed to obtain reliable 
fundamental information. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 


Chairman, C. E. Proudley. 

First Vice-Chairman, Bailey Tremper. 
Second Vice-Chariman, A. T. Goldbeck. 
Third Vice-Chairman, E. W. Klinger. 
Secretary, B. A. Anderton. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 140 members; 107 members re- 
turned their ballots, of whom 100 have _ 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalfofthe _ 
committee, 


H. BAUMANN, 

; Chairman. 


‘ 


? 
4 
B. A. ANDERTON, 
Secretary. 


Subsequent to the Annual Meeting, Committee D-4 presented to the Society 


through the Administrative Committee on Standards the following recom- 


mendations: 


New Tentative Method of: 


Test for Resistance to Plastic Flow of Fine-Aggregate Bituminous Mixtures (D 1138 - 50 T). 


New Tentative Specifications for: 


Crushed Stone, Crushed Slag, and Gravel for Single Bituminous Surface Treatment 


(D 1139 - 50 T). 


These recommendations were accepted by the Standards Committee on Sep- 
tember 26, 1950, and the new tentatives appear in the 1950 Supplement to Book 


of ASTM Standards, Part 3. 


oly 


ON 


COAL AND COKE! 


Committee D-5 on Coal and Coke 


held meetings in Atlantic City, N. J., 
on June 29, 1949, and in Pittsburgh, 
Pa., on February 28, 1950. 

During the year one member was 
added to the committee and one mem- 
ber resigned, resulting in a present total 
membership of 58, of whom 17 are classi- 
fied as consumers, 16 as producers, and 
25 as general interest members. 

Subcommittee XVI on Ignitibility of 
Coal and Coke (R. A. Sherman, chair- 
man) was discharged because it became 
evident that further work toward a 
standard on this subject was not justi- 
fied unless, and until, there may be 
developed a more consistent understand- 
ing of the meaning of the term “ignitibil- 
ity” and of the significance of such prop- 
erty in the use of solid fuels. 

Chairman W. A. Selvig was a delegate 
to the Working Party on Classification, 
Coal Committee, E. C. E., Geneva, 
Switzerland. He attended two meetings 
held in Geneva during the year. Since 
there exists considerable common in- 
terest between this group and Technical 
Committee 27 on Solid Mineral Fuels of 
the International Organization for 
Standardization (ISO), such participa- 
tion by the chairman constitutes liaison 
with the latter organization, supple- 
menting that which it has been possible 
to establish by mail. In the absence of 
direct participation by any Commit- 
mittee D-5 representative in the affairs 
of ISO (a restriction so far imposed by 


1 Presented at the oe third Annual Meeting of the 
Society, June 26-30, 19: 


the cost and time implied in such par. 
ticipation), such liaison has real value. 


In order to promote uniformity in sieve 
size designations for all tests involving 
the sieve analysis of coke, Committee 
D-5 recommends for immediate adop- 
tion the following revisions in two stand- 
ards. The committee requests the neces- 
sary nine-tenths affirmative vote at the 
Annual Meeting so that these recom- 
mendations may be submitted to letter 
ballot of the Society. 

Standard Method of Tumbler Test for 
Coke (D 294-29)? 

Section 2 (b), Sieves.—Change the sec- 
ond sentence now reading “For sieving 
the coke after the tumbler test, square- 
mesh sieves having 2, 1.5, 1.06, 0.530, 
and 0.265-in. actual openings between 
the wires shall be used” to read “For 
sieving the coke after the tumbler test, 
square-mesh sieves having 2, 13, 1, 3, 
and }-in. actual openings between the 
wires shall be used.” 

New footnote 3—Add a footnote refer- 
ence to Section 2 (6) on Sieves, renumber- 
ing subsequent footnotes accordingly, 
and add new footnote 3 which reads 
“User’s attention is called to the fact 
that yields of certain sizes as determined 
by use of the specified screens cannot be 
compared directly with results obtained 
by using screens as specified prior to the 
1950 revision. An important example oc- 
curs in the case of the tumbler test sta- 


21949 Book of A.S.T.M. Standards, Part 5. 
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bility factor (per cent remaining on 1 in. 
after tumbling) which will be slightly 
higher than comparable previous results 
using the formerly specified 1.06-in. 
screen.” 

Section 5.—Change the third sentence 
now reading “‘All of the coke shall then 
be removed from the drum and sieved, 
using the following square-mesh sieves: 
2-in., 1.5-in., 1.06-in., 0.530-in., and 
0.265-in.” to read “All of the coke shall 
then be removed from the drum and 
sieved, using the following square-mesh 
sieves: 2, 1}, 1, $, and }-in.” 

Section 6.—Change the designations 
“1.5-in. sieve, 1.06-in. sieve, 0.530-in. 
sieve, and 0.265-in. sieve” to read “14-in. 
sieve, 1-in. sieve, }-in sieve, and }-in. 
sieve,” respectively. 

Standard Method of Test for Sieve 
Analysis of Coke (D 293 =29): 

Section 2 (a) .—In the table of size ver- 
sus sieve opening, change the lines, ‘0.265 
0.265”, “0.530 in. 
leks 0.530”, and “1.06 in. 
to send ie. 0.250”, 
“} in. 0.500”, and “1 in. 
1.00,” respectively. 

New footnote 3—Insert a footnote 3 
reference after “sieve openings” in Sec- 
tion 2 (a) for a new footnote to read: 
“User’s attention is called to the fact 
that yields of certain sizes as determined 
by use of the specified screens cannot be 
compared directly with results obtained 
by using screens as specified prior to the 
1950 revision.” Renumber subsequent 
footnotes accordingly. 

Section 4.—Change the third and fourth 
sentences now reading “For coke 1 in. 
and larger in size the following square- 
mesh sieves are usually used: 4.00, 3.00, 
2.00, 1.50, 1.06, and 0.530 in. For coke 
smaller than 1 in. in size the square- 
mesh sieves usually used are: 0.750, 
0.530, 0.375, 0.265, 0.187, and 0.132 
in.” to read “For coke 1 in. and larger 
in size the following square-mesh sieves 


ee 
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are usually used: 4, 3, 2, 13, 1, and 4 
in. For coke smaller than 1 in. in size 
the square-mesh sieves usually used are 
4, 2, 0.187, and 0.132 in.” 

Section 5 (a).—Revise the present re- 
port form which reads as follows: 


Passing Retained on Per cent 
3.00-in. sieve 
1.50-in. sieve 
0.087-in. sieve 0. 132-in. 
to read 
Passing Retained on oem Per cent 


0.087-in. sieve 


TENTATIVES CONTINUED 
WrrnHout REVISION 


Concerning two tentative tests for 
grindability of coal, namely, Tentative 
Method of Test for Grindability of Coal 
by the Ball-Mill Method (D 408 - 37 
T) and Tentative Method of Test for 
Grindability of Coal by the Hard- 
grove-Machine Method (D 409 - 37 T), 
action taken at the meeting of Com- 
mittee D-5 in Pittsburgh on February 
28, 1950, insures that specific recom- 
mendations covering these two tenta- 
tives will be made not later than the 
date of the Society’s 1951 Annual Meet- 
ing. It is recommended that in the in- 
terim they be continued as tentatives. 

It is recommended that the Tenta- 
tive Method of Sampling and Analysis 
of Coal for Volatile Matter Determina- 
tion in Connection with Smoke Ordi- 
nances (D 980 — 48 T) be continued with- 
out change during the coming year, 


since it is felt that insufficient experi- — 
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Report OF ComMMITTEE D-5 


ence has been accumulated to warrant 
other action at this time. 


The recommendations appearing in 


_ this report have been submitted to let- 


ter ballot of the committee, the results 
of which will be reported at the Annual 


Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee XIII on Coal Sampling 
(H. F. Hebley, chairman) met in Chicago 
on March 21, 1950, to discuss the pos- 
sibility of working toward a standard 
for the automatic sampling of coal for 
large users, for use by utilities and coke 
plants, for example. An interested group 
from the utilities has advanced both a 
request for such standardization and 
an offer of help in the form of a com- 
prehensive experimental program. A 
special section of the subcommittee, 
which will include several consulting 
members from the interested industries, 
is being constituted to work on this 
project. 

Subcommittee XV on Plasticity and 
Swelling of Coal (C. C. Russell, chairman) 
held no meeting during the year but 
reports considerable progress in the 
cooperative testing program designed 
to check the reproducibility of test re- 
sults by the Gieseler method. Fluidities 
of samples of flat pitch and road tar have 


3 The letter ballot on these recommendations was favor- 
able; the results of the vote are on record at ASTM Head- 


been determined by 16 cooperating 
laboratories, with another recently en- 
listed. Variability of results has led to 
suspicion regarding the advisability of 
reheating pitch samples, so that two 
silicone samples are being circulated 
for additional checks. A new procedure 
for evaluating friction has been de- 
veloped, and a new method for calibrat- 
ing the Gieseler apparatus is under 
preparation. 

Subcommittee XXI on Methods of 
Analysis (O. W. Rees, chairman) held 
two meetings during the year. Possible 
interference effects of oxides of nitrogen 
in the carbon and hydrogen determina- 
tions of the ultimate analysis have been 
of principle consideration. The matter 
was resolved with the help of data from 
five cooperating laboratories, and final 
methods for these two elements are in 
preparation. The subcommittee is cur- 
rently at work on tentative methods for 
determining nitrogen and mineral CO:. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 58 members; 48 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


W. A. SELVIG, 


C. H. SAwyYeEr, 
Secretary. 
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REPORT OF COMMITTEE D-6 


ON 
PAPER AND PAPER PRODUCTS! 


Committee D-6 on Paper and Paper 
Products held two meetings during the 
year: on June 30, 1949, at Atlantic City, 
N. J., and on February 24, 1950, at 
New York, N. Y. 

The Advisory Subcommittee held three 
meetings during the year: on June 29, 
1949, at Atlantic City, N. J., on Decem- 
ber 2, 1949, and February 24, 1950, in 
New York, N. Y. 

Cooperative relations are being con- 
tinued between Committee D-6 and 
other A.S.T.M. committees, as well as 
with other standardizing bodies. 

At the present time, Committee D-6 
consists of 84 members, of whom 67 are 
voting members; 30 are classified as pro- 
ducers, 24 as consumers, 24 as general 
interest, and 6 as consulting members. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, W. R. Willets. 

Vice-Chairman, M. A. Krimmel. 

Secretary, R. H. Carter. c 

New TENTATIVES 

The committee recommends that the 
following three methods be accepted for 
publication as tentative, as appended 
hereto? 


Tentative Methods of Test for: 


Static Blending Test for Corrugated Paperboard, 
and Water Soluble Sulfates in Paper and Paper- 
board. 


Tentative Specifications for: 
Filter Paper for Use in Chemical Analysis. 

1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

. The methods were accepted as tentative by the Soci- 


ety and appear in the 1950 Supplement to ASTM Book of 
Standards, Part 4. ; 


ADOPTION OF TENTATIVES AS 
STANDARD 


The committee"recommends that the 
following four tentative methods be 
approved without change for reference to 
letter ballot of the Society for adoption 
as standard: 

Tentative Methods of Test for: 
Paraffin Wax Absorptiveness of Paper (D 983 - 

48 T),3 
Reducible Sulfur in Paper (D 984 - 48 T),? 
45-deg., 0-deg. Directional Reflectance for Blue 


Light (Brightness) of Paper (D 985 - 48 T),? 
and 


Preparation of a Magnesium Oxide Standard 
for Spectral Reflectivity (D 986 - 48 T).* 
REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption following two re- 
vised standard methods, as appended 
hereto: 


Standard Methods of Test for: 


Basis Weight of Paper and Paper Products 
(D 646 - 44),? and 

Hydrogen Ion Concentration (pH) of Paper 
Extract (D 778 - 46).3 


REVISION OF TENTATIVES 


The committee recommends for ap- 
proval and continuation as tentative 
the following revised tentative method, 
as appended hereto:5 
Tentative Method of Test for: 


Organic Nitrogen in Paper and Paperboard 
(D 982 48 T).* 


#1949 Book of A.S.T.M. Standards, Part 4. 
4 These recommendations were accepted by the Soci- 


ety and the revised methods appear in the 1950 Supple- 
ment to Book of ASTM Standards, Part 4. 

$ The revised method was accepted as tentative by the 
Society and appears in the 1950 
ASTM Standards, Part 4. 
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This method has been revised to in- 
clude the use of a standard solution of 
boric acid and to correct the formula for 
computing test results. 

Recommendation is also made for 
approval of the following revisions in 
the Tentative Method of Test for Scuff 
Resistance of Paperboard (D 1029- 
49T)? 

Title——Change to read “Tentative 
Method of Test for Peeling Resistance 
of Paperboard.” 

Similarly throughout the text change 
the term “scuff” or “scuffing” to “peel- 
ing” or “rubbing” as appropriately noted. 

Section 1.—Add the following sentence 
at the end of the paragraph (before the 
Note): 

Because there is still much to be learned 
about peeling resistance and its measurement, the 
description of “apparatus” in Paragraph 2 has 


been limited to a type of machine rather than 
to an exact description of an existing instrument. 


Section 2.—Change the eighth and 
ninth sentences to read as follows by 
the addition of the italicized words and 
the omission of those in brackets: 


The [total] distance of ‘travel of the moving 
plate shall be 6 in. in each direction, that is a 
total of 12 in. for one double stroke. [In order] 
The machine shall be constructed so as to mini- 
mize [the] amy tendency of the moving plate to 
rotate [about the leading edge of the moving 
plate, the connection between the driving arm 
and the moving plate should be as close as 
possible to the plane of the specimen] or move 
laterally. 


Section 7.—Add the following sentence 
at beginning of the paragraph: 
Results of tests made with grain direction 


parallel to stroke and perpendicular to stroke 
are to be reported separately. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentative methods which have 
stood for two years without revision 
be continued as tentative: 


Tentative Methods of Test for: 


Puncture and Stiffness of Paperboard, Cor- 

rugated and Solid Fiberboard (D 781-44 T), 
Analytical Filter Papers (D 981 - 48 T), 

Stretch of Paper and Paper Products Under 

Tension (D 987 - 48 T), and 
Water Vapor Permeability of Paper, Paper- 

board and Other Sheet Materials (D 988 - 

48 T). 

A revised method for puncture is still 
under investigation. The methods for 
analytical filter papers are currently 
being revised to include several methods 
which will be called for in the proposed 
specification for filter paper. Possible 
modification of the method for stretch 
to make it adaptable to creped paper is 
under investigation. The method for 
water vapor permeability is undergoing 
revision, principally in format, and will 
be included in an integrated method 
now being developed by Committee E-1. 

The remaining tentative methods 
under the jurisdiction of Committee D-6, 
although requiring no revision, are also 
recommended for continuation as tenta- 
tive. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Paper Testing 
Methods (M. S. Kantrowitz, chairman) 
held three meetings during the year. The 
subcommittee has been active in de- 
veloping new methods of test and has 
also continued its critical study of various 
methods of test for paper and paper 
products that have been adopted by 
other agencies, for example those of the 
Technical Association of the Pulp and 
Paper Industry. The subcommittee pre- 
pared one of the two new methods of 

* The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at 
Headquarters. 
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test which are being recommended for 
publication as tentative, namely, Water 
Soluble Sulfates in Paper and Paper- 
board. The four tentative methods being 
recommended for adoption as standard, 
the two standard methods for which 
revision is recommended for immediate 
adoption, and Tentative Method D 982, 
for which revision is recommended, are 
also under the jurisdiction of this sub- 
committee. 

Methods on the following properties 
are being given consideration by the sub- 
committee: 


Erasability, 

Stiffness and softness, 
Gloss, 

Lint, 

Chloride content, 
Moisture expansivity, 


Water soluble matter, and 
_ Color fastness to light. 


In addition, studies are being — 
which may lead to proposed revisions in 
the Standard Methods of Test for 
Opacity of Paper and Paper Products 
(D 589 - 44), Bursting Sirength of Paper 
(D 774-46) and Time of Penetration 
by Water of Sized Paper and Paper Pro- 
ducts (D 779 — 46) and in the Tentative 
Methods of Test for Water Vapor Perme- 
ability of Paper, Paperboard and Other 
Sheet Materials (D 988 — 48 T). 

Subcommittee II on Significance of 
Test Methods (L. F. Reid, chairman) 
held one meeting during the year. Its 
current major project consists in the 
revision of the Monograph on Paper 
and Paperboard, Characteristics, No- 
menclature and Significance of Tests. 

Subcommittee III on Specifications for 
Paper (P. F. Wehmer, chairman) held 
two meetings during the year. The sub- 
prepared the Specifications 


On PAPER AND PAPER Propucrs 


for Filter Paper for use in Chemical 
Analysis, which is being recommended _ 
for publication. It has also been studying | 
various specifications for paper and paper 
products that have been adopted by © 
other agencies, such as the Federal 
Specifications Board. 

Subcommittee IV on Container Board 7 zi 
(W. B. Lincoln, Jr., chairman) held two | 4 
meetings during the year and is currently — 
working on the following test procedures: 


Ring crush test, 

Flat crush test, 
Tensile strength test, 
Bursting strength test, 
Immersion number, 
Puncture test, and 
Sampling. 


D 1029-49 T, for which revision is _ 
recommended, is also under the jurisdic- _ 
tion of this subcommittee. 

The establishment of Subcommittee 
V on Research has been authorized. Its 
organization will take place in the near 
future. 

The present officers were reelected for 
the ensuing term of two years. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 67 voting members; 38 
members returned their ballots, of whom 
34 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 


W. R. WILLETs, 


= Chairman. 
H. A. 


Secretary. 
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Committee D-7 on Wood held meet- 
ings at Atlantic City on June 29, 1949, 
and at Chicago on March 14, 1950. A 
number of subcommittees met in con- 
junction with the meetings of the main 
committee. L. J. Markwardt was re- 
elected chairman for the ensuing two- 
year term. 

Two new subcommittees were or- 
ganized during the year: Subcommittee 
XIII on Durability and Exposure with 
T. R. Truax, as chairman, and sub- 
committee XIV on Methods of Chemical 
Analysis with G. J. Ritter as chairman. 
In Subcommittee VII on Wood Poles 
and Cross Arms, a new task group on 
cross arms, under the chairmanship of 
L. J. Jacobi, was organized. The develop- 
ment of these fields of activities has 


added a number of new members to 


the committee. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 
_ Subsequent to the 1949 Annual Meet- 
ing, Committee D-7 presented to the 
Society through the Administrative Com- 
mittee on Standards new Tentative 
Methods for Establishing Structural 
Grades of Lumber (D 245-49T), in- 


cluding the withdrawal of Standard 


_ Specifications for Structural Wood Joist 
and Plank, Beams and Stringers, and 
Posts and Timbers (D 245 - 37). 

These recommendations were ac- 
cepted by the Standards Committee on 
September 22, 1949, and the new tenta- 
tive methods appear in the 1949 Book of 
A.S.T.M. Standards, Part 4. 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
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New TENTATIVES 


The committee recommends the pub- 
lication as tentative of the following 
specifications and methods, as appended 
hereto: 


Tentative Methods of: 
Testing the Integrity of Glue Joints in Lam- 
inated Wood Products for Exterior Service. 

Tentative Method of Tests for: 

Ash in Wood, 7 
Water Solubility of Wood, ue i 
Ether-Solubility of Wood, 
Alcohol-Benzene Solubility of Wood, a 
One Per Cent Caustic Soda Solubility of Wood, 
Holocellulose in Wood, 

Lignin in Wood, 
Alphacellulose in Cellulosic Materials. 
Tentative Methods for the Preparation of: FF 
Extractive-free Wood. 
REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption as standard the re- 
vision, as appended hereto,* of the 
Standard Methods of Testing Small Clear 
Specimens of Timber (D 143 - 49), and 
accordingly asks for a nine-tenths af- 
firmative vote in order that these recom- 
mendations may be referred to letter 
ballot of the Society. 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following seven tentatives be approved 
for reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

2 These specifications and methods were accepted by 
the Society as tentative and appear in the 1950 Supple- 
ment to Book of ASTM Standards, Part 4. 

* This recommendation was accepted by the Society 


and the revised method appears in the 1950 Supplement 
to Book of ASTM Standards, Part 4. 
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Tentative Specifications for: 
Chromated Zinc Chloride (D 1032 — 49 T).4 
Tanalith (D 1034 - 49 T), 
Creosote-Coal-Tar Solution (D 391 - 49 T),* 
Zinc Chloride (D 432 - 49 T).* 
Tentative Methods of: 
Chemical Analysis of Chromated Zinc Chloride 
(D 1033 - 49 
Chemical Analysis of Tanalith (D 1035 - 49 T),* 
Chemical Analysis of Zinc Chloride (D 199 — 49 
T).4 
The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Specifications for 
Timber (L. W. Wood, chairman).— 
This subcommittee contemplates further 
study of Tentative Methods for Estab- 
lishing Structural Grades of Lumber 
(D 245-49T) to consider possible re- 
vision and clarification in the light of 
data from studies under way, including 
factors affecting the strength of wood in 
compression. Study is also under way on 
the revision of Standard Specifications 
for Round Timber Piles (D 25 - 37). 

Subcommittee II on Laminated Timber 
(F. J. Hanrahan, chairman).—Consider- 
ation will be given during the year to 
any comments that may be received on 
the new Tentative Methods of Testing 
the Integrity of Glue Joints in Laminated 
Wood Products for Exterior Service. 
Study will be continued on possible im- 
provement of this method, which was 
based on extended tests at the Forest 
Products Laboratory. Data supporting 
this test procedure are given in a paper 
which was preSented before the Ameri- 
can Society of Mechanical Engineers.* 

Subcommittee III on Plywood (J. A. 
Liska, chairman)—Attention will be 

41949 Book of A.S.T.M. Standards, Part 4. 

5 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 

®T. R. Truax”and M. L. Selvo, “Results of Accel- 
erated Tests and Long-Term Exposures on Glue Joints 


in Laminated Beams,” Transactions, Vol. 70, No. 4, 
May, 1948, pp. 393-400. 
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given to the possible improvement of 
some of the definitions included in 
Tentative Definitions of Terms Relating 
to Veneer and Plywood (D 1038 - 49 T) 
and to the advancement of this tentative 
to standard. 

Subcommittee VI on Timber Preserv- 
atives (R. H. Bescher, chairman).— 
The principal work of this subcommittee 
consisted in reviewing the recently 
published tentatives in conjunction with 
the presently made recommendations for 
advancement to standard, which are 
given earlier in this report. 

Subcommitiee VII on Wood Poles and 
Cross Arms (C. D. Hocker, chairman).— 
Special effort has been made during the 
year to publicize the proposed pole 
testing program, outlined by the sub- 
committee as a basic requirement for the 
rationalization of methods of tests and 
the development of strength data re- 
lating to specifications for treated and 
untreated wood poles of various species. 
Much consideration has also been given 
to methods of implementing the extended 
research program that has been formu- 
lated. 

The work of the subcommittee has 
been further expanded through the estab- 
lishment of a task group on crossarms. 
Active work is under way on the de- 
velopment of methods of testing cross- 
arms by this task group, under the 
chairmanship of L. J. Jacobi. 

Subcommitiee IX on Methods of Test- 
ing (L. J. Markwardt, chairman)— 
The chairman reported to the com- 
mittee on the International Conference 
on the Standardization of Methods of 
Testing Wood and Related Forest Prod- 
ucts Problems, held at Geneva in 1949 
under the auspices of the Food and 
Agriculture Organization of the United 
Nations. 

The principal activity of the sub- 
committee during the year has been the 
development of a secondary procedure 
for methods of testing small clear speci- 
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mens of timber involving, for the testing 
of material from very small trees, the 
possible use of specimens 1 by 1 in. in 
cross-section for static bending and 
compression parallel to grain in lieu of the 
2 by 2-in. specimens. This secondary pro- 
cedure was developed to give results 
comparable with those obtained under 
the primary procedure employing 2 by 
2-in. specimens for all tests. It is recom- 
mended that whenever possible the 
procedure for the primary method be 
used regardless of the size of trees 
and that the secondary method be used 
only when small trees, generally less than 
12 in. in diameter, are available to pro- 
vide the test specimens, and only when 
such trees, because of crook, cross grain, 
knots, or other defects, are of such 
quality that larger clear straight-grained 
specimens required for the 2 by 2-in. 
specimens cannot reasonably be ob- 
tained. 

Subcommittee X on Nomenclature and 
Definitions (R. R. Cahal, chairman).— 
The work of this subcommittee has been 
reactivated during the year, and first 
consideration has been given to the re- 
vision of tree names for softwood species 
as presented in the Standard Definitions 
of Terms Relating to Timber (D 9 - 30). 

Subcommittee XIII on Durability and 
Exposure (T. R. Truax, chairman).— 


The organization of this subcommittee 
was completed, and it is contemplated 
that consideration will be given to the 
development of methods of test for dur- 
ability and exposure during the coming 
year. 

Sibcommittee XIV on Methods of 
Chemical Analysis (G. J. Ritter, chair- 
man). —Subcommittee XIV was organ- 
ized during the year to give consideration 
to methods of chemical analysis of wood, 
a field which has so far received little 
attention from Committee D-7. The 
subcommittee has studied the field of 
methods of chemical analysis and has 
recommended a number of procedures as 
tentative, as referred to earlier in this 
report. Work will be continued in de- 
veloping further procedures during the 
coming year. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 75 voting members; 53 mem- 
bers returned their ballots, of whom 11 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


L. J. MARKWARDT, 
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During the year, Committee D-8 held 
two meetings: one in Atlantic City, N. J., 
June 30, 1949, the other in Pittsburgh, 
Pa., on March 1, 1950. 

The committee suffered the loss, 
through death, of three members: J. J. 
Shank, who died September 16, 1949; 
H. A. Nelson, who died March 21, 1950; 
and C. S. Reeve, who died in Florida, on 
January 6, 1950. Both Mr. Shank and 
Mr. Nelson were active members of 
Committee D-8 for many years; Mr. 
Shank served on Subcommittee XII, 
whereas Mr. Nelson served as a consult- 
ing member of Subcommittee VIII. Mr. 
Reeve had been a member of the Society 
for forty-five years and served during 
his time on Subcommittees I, II, V, 
VI, VII, VII, IX and XI. A memorial 
resolution in recognition of his many 
years of service has been prepared by 
Committee D-8 and copies sent to mem- 
bers of his family. 

J. S. Miller and H. C. Howell, who 
have served as chairman and secretary 
respectively, have found it necessary to 
tender their resignations as officers of 
the committee. 

All of the standards and tentatives 
for which Committee D-8 is responsible 
have been studied and the recommenda- 
tions are as set forth in this report. 


New TENTATIVE 


The committee recommends that the 
list of definitions developed by Sub- 
committee I on Nomenclature and 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 


Definitions be accepted for publication 
as tentative, as appended hereto? 
Proposed Tentative Definitions of Terms 


Relating to Bituminous Water proofing ond ro 


Roofing Materials. 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following two tentatives be revised as 
indicated and continued as tentative: 


Tentative Specifications for Asphalt Roof- 
ing Surfaced with Powdered Talc or 
Mica (D224-46T)® and Tentative 
Specifications for Asphalt Roofing Sur- 


faced with Mineral Granules (D 249 - 
46 


Section 2—Change the first sentence 
to read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 


In the process of manufacture, a single thick- 
ness of dry roofing felt shall be impregnated with 
a hot asphaltic saturant, then coated on both 
sides with a hot asphaltic coating, [compounded 
with a finely powdered mineral filler] which may 
be compounded with a fine mineral stabilizer, 
substantially insoluble in water, and finally 
surfaced on the weathered side with ... 


Table I—In Specifications D 224- 
46 T, delete the 15 per cent requirement 
for “Percentage by weight of mineral 
matter passing a No. 100 (140-micron) 
sieve,...” in both the 65-lb. and 55-lb. 
grades. In Specifications D 249-46 T 
delete the 15 per cent requirement for 


2 The Definitions were accepted as tentative by the 
Society and appear in the 1950 Supplement to Book of 
ASTM Standards, Part 3. 

#1949 Book of A.S.T.M. Standards, Part 3. 
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the same item in the one grade covered 
in the specification. 


TENTATIVE REVISIONS OF STANDARDS 


The committee recommends revisions 
of the following three standards for 
publication as tentative revisions: 


Standard Specifications for Asphalt 
Shingles With Mineral Granules (D 
225 46) 3 


Section 2-—Change the first sentence 
to read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 


In the process of manufacture, a single thick- 
ness of dry roofing felt shall be impregnated 
with a hot asphaltic saturant, then coated on 
both sides with [at least one layer of] a hot 
asphaltic coating, [compounded with a mineral 
filler] which may be compounded with a fine 
mineral stabilizer substantially insoluble in 
water, and finally completely surfaced on the 
weather side with granules embedded in the hot 
asphaltic coating. 


Table I—Delete the 15 per cent mini- 
mum requirement under “Percentage by 
weight of mineral matter passing a No. 
100 (149-micron) sieve,...” for Types 
I, II and HI. 


Standard Specifications for Asphalt Siding 
Surfaced with Mineral Granules 
(D 699 - 46) 2 


Section 2-——Change the first sentence 
to read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 


In the process of manufacture, a single thick- 
ness of dry roofing felt shall be impregnated 
with a hot asphaltic saturant, then coated on 
both sides with a hot asphaltic coating, [com- 
pounded with a fine mineral filler] which may be 
compounded with a fine mineral stabilizer sub- 
stantially insoluble in water, and finally sur- 
faced on the-weather side with mineral granules 
embedded in the hot asphaltic coating. 


Table I—Delete the 15 per cent mini- 
mum requirement for the same item, as 


recommended in Specifications D 225, 
in the one grade covered in this speci- 
fication. 


Standard Specifications for Wide Selvage 
Asphalt Roofing Surfaced with Mineral 
Granules (D 371 


Section 2—Change the first sentence 
to read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 


In the process of manufacture, a single thick- 
ness of dry roofing felt shall be impregnated 
with a hot asphaltic saturant, then coated on 
the weather side for approximately one-half the 
width of the sheet with [an asphaltic coating 
(compounded with a fine mineral filler substan- 
tially insoluble in water)}, a hot asphalt coating, 
which may be compounded with a fine mineral 
stabilizer substantially insoluble in water and 
surfaced by embedding mineral granules in 
the hot asphaltic coating. 


Table I—Delete the 15 per cent mini- 
mum requirement for “Percentage by 
weight of mineral matter passing a No. 
100 (149-micron) sieve, ...” in both the 
45-lb. and 55-lb. grades. 


TENTATIVES CONTINUED 


REVISION 


WITHOUT 


Committee D-8 recommends that the 
following tentatives, which have been 
published by the Society for two years or 
more, be continued without revision 
while being reviewed with the possibility 
that there will be revisions recommended 
before the next Annual Meeting: 


Tentative Methods of Sampling Bitumi- 
nous Materials (D 140-49T), 


Tentative Recommended Practice for Ac- 
celerated Weathering Test of Bitumi- 
nous Materials (D 529 - 39 T), 


Tentative Specifications for Sieve Analysis 
of Granular Mineral Surfacing for 
Asphalt Roofing and Shingles (D 1001 - 
48T), and 
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Tentative Method of Test for Asphalt 
Roll Roofing, Cap Sheets, and 
Shingles (D 228 - 48 T). 


REAPPROVAL OF STANDARDS 


Committee D-8 has reviewed the fol- 
lowing standards which have been pub- 
lished for six years without revision and 
recommends their reapproval as they 
conform to present practice: 

Standard Specifications for Woven Cot- 
ton Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing 
(D 173 — 44), and 

Standard Specifications for Asphalt for 
Use in Constructing Built-Up Roof Cover- 
ings (D 312 - 44). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 


which will be announced at the Annual 
Meeting.* 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, A. J. Steiner. 

Vice Chairman, E. H. Berger. 

Secretary, G. W. Robbins. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 66 members; 54 members re- 
turned their ballots, of whom 50 have 
voted affirmatively and 0 negatively. 


submitted on behalf of 


J. S. MILLER 
Chairman. 


4 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 


KONRAD STERN 
Acting Secretary. 
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ON 


ELECTRICAL INSULATING MATERIALS! 


Committee D-9 on Electrical Insulat- 
ing Materials held two meetings during 
the year and will hold a third during the 
Annual Meeting of the Society in June. 
These meetings were held in Washington, 
D. C., on November 28 to 30, 1949, and 
at Old Point Comfort, Fort Monroe, 
Va., on March 20 to 22, 1950. 

At these meetings, action was taken 
on several new methods, new recom- 
mended practices, revisions in existing 
tentatives, and changes in some of the 
standards under the jurisdiction of 
Committee D-9. There are some proj- 
ects that are still under way which will 
be mentioned later in the report. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, A. H. Scott. 
Vice-Chairman, E. A. Snyder. 


RECOMMENDATIONS ACCEPTED BY 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee D-9 presented to the 
Society, through the Administrative 
Committee on Standards, the following 
recommendations: 


New Tentative Specifications for: 


Absorbent Laminating Paper for Electrical Use 
(D 1080 - 49 T), 


New Tentative Methods of: 


Test tor Power Factor and Dielectric Constant 
of Natural Mica (D 1082 - 49 T), 


1 Presented at the —_ third Annual Meeting of the 
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Revision of Tentative Methods of: 
Testing Askarels (D 901 - 46 T), 
Revision and Reversion. to Tentative of Standard 

Methods of: 

Testing, Grading, and Classifying Natural Mica 
(D 351 - 46) in the form of Tentative, Specifi- 
cations for Natural Muscovite Mica Based on 
Visual Quality (D 351-49 T). 

These recommendations were accepted 
by the Administrative Committee on 
Standards on March 1, 1950, and the 
new and revised tentatives appear in the 
1949 Book of A.S.T.M. Standards, Part 
6. 

Committee D-9 has approved by letter 
ballot during the past year several items 
that are under joint jurisdiction with 
other technical committees of the 
Society. 

RECOMMENDATIONS AFFECTING 
STANDARDS 
As a result of the year’s work, the 


committee is recommending revisions of 
nine tentatives, tentative revisions of 


- one standard, and revision of one stand- 


ard. The standards and tentatives af- 
fected, together with recommended re- 
visions are presented in detail in the 
Appendix to this report. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee, the results of which will be 
reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Insulating Var- 
nishes, Paints, and Lacquers (A. H. 
Haroldson, chairman), has continued its 

2 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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efforts on rewriting the Tentative 
Methods of Testing Varnishes for Elec- 
trical Insulating (D115-48T). The 
revised method will be more useful for 
classification, control, and definition 
purposes with emphasis on performance 
tests. Another round-robin testing pro- 
gram for set time of heat reactive 
laminating varnishes has been completed. 
Further study is planned to determine 
whether a mechanical method can be 
used for determining the end point to 
eliminate errors introduced by the tech- 
nician in observing the end point of the 
test. The Section on Silicone Insulating 
Varnish has several proposed tests under 
consideration which will be included in 
future methods of tests for this type of 
insulating varnish. 

Members of the Section on Oil Resist- 
ance met with representatives of Sub- 
committee IV for the purpose of 
cooperating on the proposed develop- 
ment of an improved method of evaluat- 
ing the effect of varnishes on transformer 
oil. It was the general opinion that this 
matter is largely one of the performance 
characteristic of the varnish within the 
oil. For this reason, it was felt that no 
new test methods are necessary, since 
there are several methods for testing oil 
contamination already covered in 
methods of test sponsored by the 
Society. Apparently these have been 
found satisfactory. Then too, there is 
the question of apparatus design and 
construction which makes such a problem 
a rather complex one to evaluate in the 
laboratory tests. The matter has been 
dropped until some new plan can be de- 
vised that will permit such an evaluation. 

There was a delay in the round-robin 
tests to evaluate a method for film con- 
tinuity, draining characteristics, and 
moisture resistance, and also on a 
method for determining mechanical prop- 
erties by measuring creepage and defor- 
mation on a stranded cable specimen. 


Plans for completing this work during the 
next year appear promising. 

Subcommitiee III on Plates, 
Rods, and Molded Materials (G. H. 
Mains, chairman) has recommended 
several changes during the past year in 
the methods of testing under its juris- 
diction. Complete texts of each of these 
changes appear in the Appendix to this 
report. 

Work has been completed in connec- 
tion with the development of a test 
method for stress relief and the effect 
of soldering in proximity to plastic tub- 
ing. It has been reported that work on 
heat loss and plasticizer migration in 
plastic tubing is also being actively pur- 
sued as a project under the direction of 
the Society of Plastic Industry. This 
matter will be considered when it is 
made available. A round-robin on flexural 
strength tests of thin specimens has been 
started to investigate several important 
factors involved in testing thin test 
specimens of sheet materials. The 
Standard Method of Test for Punching 
Quality of Phenolic Laminated Sheets 
(D 617 — 44) is being revised, particu- 
larly in regard to obtaining improved 
photographs for illustrating (a) surface 
cracks, (b) bulging around holes, (c) 
delamination around holes, and (d) drag 
at edges in connection with the point 
rating described in the method. Exten- 
sive revisions in the Standard Speci- 
fications for Laminated Thermosetting 
Materials (D 709 —- 49 T) are being con- 
sidered to bring these specifications into 
a more general agreement with the new 
Military specifications for Laminated 
Products and similar N.E.M.A. Stand- 
ards for this product. 

Interlaboratory tests on vulcanized 
fibre, showing how conditioning affects 
the dielectric strength, indicate that 
additional data are required to obtain 
equilibrium conditioning times to cover 
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a suitable range of thicknesses of vul- 
canized fibre in the laboratory atmosphere 
(23 C., 50 per cent relative humidity). 

Committee D-9 is assisting Committee 
D-20 on Plastics in preparing specifica- 
tions for electrical grades of urea and 
melamine molding compounds. 

Subcommitiee IV on Insulating Oils 
(E. A. Snyder, chairman) continued its 
study of the evaluation of uninhibited 
and inhibited transformer oil. 

The uninhibited mineral transformer 
oil studies have been a continuation of 
the field tests which were begun in 1944. 
The object of this work is to evaluate 
the present Tentative Methods of Test 
for Sludge Formation in Mineral Trans- 
former Oil, (D 670-42 T) in terms of 
the actual transformer use of the oil. 
This work comprises the study of oil in 
transformers which are in operation at 
the Detroit Edison Co., Commonwealth 
Edison Co., American Gas and Electric 
Service Corp. and at the New England 
Power Co. Nineteen laboratories are co- 
operating in this study. A summary of 
the results obtained were described in 
a paper by Frank M. Clark, “Evaluation 
of Mineral Transformer Oil During Ser- 
vice—Part I.’” A second summary will 
be presented in 1951. 

Four types of testing procedures have 
been adopted for cooperative study of 
inhibited transformer oil. These include 
a modified sludge accumulation and a 
high-pressure oxidation test, a modified 
turbine oil test, and an oxygen absorp- 
tion test. The object of this study is to 
establish a significant reproducible test 
for inhibited oils which will be later 


evaluated in terms of oil change during © 


actual transformer use. 

Subcommittee IV is the official advi- 
sory body to the United States Commit- 
tee of the International Electrotechnical 
Commission’s Committee No. 10 on In- 


2 Proceedings, Am. Soc. Testing Mats., Vol. 49, p. 
1041 (1949). 


sulating Oil. F, M. Clark, chairman of 
Section B, served as one of the U. S. 
official delegates to the international 
meeting of the I.E.C.’s Committee No. 
10 held at Stresa, Italy, June 12 to 15, 
1949. The meeting was attended by 
national delegates from Belgium, France, 
Great Britain, Hungary, Italy, Nether- 
lands, Norway, Poland, Sweden, Switzer- 
land, and the United States. 

While many matters relating to the use 
of electrical insulating oils were discussed, 
the main objective was the development 
of an international oxidation stability 
test, or the so-called “sludge test” for 
transformer oils with the ultimate goal 
of establishing international specification 
values. A committee was organized to 
direct a series of cooperative inter- 
national test studies directed toward the 
final establishment of an international 
method to determine the oxidation stabil- 
ity of electrical insulating oils. Mr. Clark 
was appointed as U. S. representative. 
Representatives from England, Holland, 
Switzerland, France, and Italy were also 
appointed. 

During the year, numerous points 
that require study have arisen in connec- 
tion with the Standard Method of Test 
for Power Factor and Dielectric Con- 
stant of Electrical Insulating Oils of 
Petroleum Origin (D 924-49). The en- 
tire method was reviewed and a revision 
is being prepared. A new test method to 
determine the insulation resistance of 
insulating oils is also being prepared. 

A study to determine the necessary 
modifications required in the Method of 
Test for Dielectric Strength of Insulating 
Oil of Petroleum Origin (D 877 - 49) 
so that it can be used on high viscosity 
oil is under way. 

After a rather extensive study of 
methods to determine the percentage 
of water present in insulating oils, con- 
siderable difficulty was experienced in 
= satisfactory and accurate check 
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tests. Consequently, the subcommittee 
is not ready to offer a tentative test 
method. 

Revisions are recommended in the 
Methods of Testing Askarels, (D 901 - 
49 T) as given in the Appendix. Methods 
for determining possible contamination 
of askarels by oils or various types of 
solid insulations are being studied. 

Tests for Electrical Insulating Oils 
(D117-47T) have been completely 
revised and several test methods, not 
previously included, have been added. A 
complete text of the revision is appended 
hereto? 

The Method of Test for Interfacial 
Tension of Oil Against Water by the 
Ring Method (D 971-48T) has been 
approved as a desirable test for use on 
insulating oils and is now included in 
the Tests for Electrical Insulating Oils 
(D 117-50 T).3 

Preparation of a method of test to 
detect the presence of corrosive sulfur 
(from free and combined sulfur) in elec- 
trical insulating oils is practically com- 
pleted. There remains, however, develop- 
ment work on a procedure to give a 
quantitative measure of the amount of 
such corrosive sulfur present. 

No symposia on insulating oils were 
held during the year, but reprints of the 
papers and complete discussions of the 
March, 1949, symposium were made 
available as Special Technical Publica- 
tion No. 95. The papers included in the 
publication are: F. M. Clark, “Perform- 
ance Characteristics of Askarels,” R. G. 
Call, “One System of Laboratory Test- 
ing to Appraise the Serviceability of Oils 
in Transformers,” and G. H. von Fuchs, 
“Performance of Inhibited Transformer 
Oils.” 

Subcommittee V on Ceramic Products 
(K. G. Coutlee, chairman) has made 
several significant recommendations rela- 

3 The revised methods were accepted by the Society 


and appear in the 1950 Supplement to Book of A 
Standards, Parts 5 and 6. 
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tive to the testing of steatite and glass- 
bonded mica electrical insulation dur- 
ing the year. These are based on rather 
extensive round-robin power factor and 
dielectric constant tests at 1 megacycle 
and direct-current insulation resistance 
tests on pairs of disk test specimens in 
accordance with JAN-I-10 connected in 
parallel in sandwich form, after prolonged 
exposure to and while under the condi- 
tion of 90 per cent relative humidity at 
room temperature. The following con- 
clusions were made: 

1. Lack of satisfactory interlaboratory 
agreement obtained on the power factor 
and dielectric constant test results on 
both steatite and glass-bonded mica 
under the conditions stated above 
prompted the subcommittee to recom- 
mend that these two materials should 
be tested for power factor and dielectric 
constant in the dry state, in accordance 
with Procedure A of Conditioning 
Methods D 618 for purposes of establish- 
ing loss factor classification. 

2. Direct-current insulation resistance, 
volume resistivity, and surface resistivity 
shall be determined in accordance with 
Methods D 257 after an exposure of 96 
hr. and while still under the condition 
of 90 per cent relative humidity at 35 C. 
(Procedure C of Methods D618) at 
100 v. d.c. and an electrification time of 
1 min. 

3. In special cases, it may be of in- 
terest to study the behavior of power 
factor, dielectric constant, and d-c. in- 
sulation resistance of steatite and glass- 
bonded mica under high humidity, using 
air-drying silver paint electrodes which 
are sufficiently porous to permit diffusion 
of moisture through them into the body 
of the material as a means of determining 
electrical stability under such conditions. 

Data substantiating these recom- 
mendations can be found in subcommit- 
tee minutes. 

There is a need for revision of several 
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of the test methods for ceramic products 


7 : that have been published for years. This 
_ task has become increasingly difficult, 


due to the apparent lack of interest in 
_ the work of the subcommittee. It was 


oe suggested that joint meetings of the sub- 
committee with Committees C-21 on 


Whitewares and C-14 on Glass and Glass 
Products at least once a year might stim- 
ulate interest in the work of Subcommit- 
V. 

Subcommittee VI on Solid Filling and 
Treating Compounds (W. A. Evans, 
chairman) has completed round-robin 
tests on microcrystalline waxes. The 
test methods are being prepared for 
_ presentation to Committee D-9 for 
letter ballot. Plans are under way to 
prepare specifications for microcrystal- 
line waxes upon the completion of the 
test methods. The subcommittee is also 
planning a revision of the Tests for 
Solid Filling and Treating Compounds 
(D 176 — 44), excluding the methods ap- 
plicable to microcrystalline waxes. 

There appears to be an insufficient in- 
terest in a test for oil solubility deter- 
mination. For this reason it was decided 
to make the Section on Test Methods 
for Oil Solubility Determination inactive 
for the present. 

Subcommittee VII on Varnished Fabrics 
(R. W. Chadbourn, chairman) recom- 
mended changes in the Specifications 
for Black Bias-Cut Varnished Cloth 
Tape (D 373-49T) during the year. 
These changes involved the listing of 
tapes as 12-mil, 10-mil, and 7-mil to 
replace the present indefinite listing. 
The present listing provides for tapes of 
less than 7 mils thickness, which is be- 
yond the written scope of the specifica- 
tions. Also, tapes ere usually made in 
and designated by the above thickness 
values. The subcomm.ttee is still collect- 
ing data on the dielectric strength of 
varnished cloth tapes under 6 per cent 

elongation, to the speci- 


fication requirements to meet the present 
condition of manufacture. Round-robin 
tests have been instituted to determine 
what change may be necessary in the 
present temperature elongation formula 
in Specifications D 373. A new method 
for insulation resistance is under con- 
sideration, along with numerous other 
changes being made in Tentative 
Methods D 295 and Specifications D 373. 

Significance statements have now been 
adopted for most of the tests in Tenta- 
tive Methods D 295 (Varnished Cloths 
and Tapes) and Tentative Methods 
D902 (Varnished Glass Cloths and 
Tapes). With the addition of one or two 
more statements now under considera- 
tion, this work will be completed. 

Round-robin tests on resistance to heat 
aging are being conducted on both oleo- 
resinous and silicone-varnished glass 
fabric samples. 

An agreement has been reached be- 
tween Committees D-9 and D-11 on 
Rubber and Rubber-Like Materials con- 
cerning development of test methods for 
plastic pressure-sensitive tapes. Com- 
mittee D-9 will develop test methods, 
with Subcommittee IX of Committee 
D-11 having representation on the D-9 
section while this work is in progress. 

Subcommittee VIII on Insulating 
Papers (E. G. Ham, chairman) has 
recommended several additions to D 202 
for insulating papers. The text of these 
new tests is appended to this report. A 
method for measuring sulfate residues in 
paper which is a TAPPI Standard 
(T 468) was found suitable for such 
determinations of insulating papers. The 
test method was rewritten in the 
Society’s recommended form and ac- 
cepted by the committee for adoption. 
Methods for determining the extent of 
water and alcohol soluble matters in 
insulating paper were also adopted for 


‘The revised methods were accepted by Se Society 
and appear in the 1950 Supplement to Book of ASTM 
Standards, Parts 4 and 6. 
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inclusion in Methods D 202. These test 
methods had previously been in use by 
several members of the subcommittee 
for several years and had been found 
satisfactory. A method for the deter- 
mination of fiber composition of paper 
has been absent from the Society’s 
standards for several years. Recently, 
Committee D-6 on Paper and Paper 
Products adopted a Method of Test for 
Fiber Analysis of Paper and Paperboard 
(D 1030-49 T). The method was found 
suitable for insulating papers. For this 
reason, reference to its use is now to be 
made a part of Methods D 202. 

After completing the Specifications for 
Absorbent Laminating Paper (D 1080 - 
49 T) the subcommittee was requested to 
draw up specifications for interlayer type 
of insulating papers. 

Some of the tests in Methods D 202 
have now been amplified by the addition 
of significance statements. Additional 
statements of significance are being writ- 
ten for the remainder of the tests within 
D 202. 

Changes in the sections of D 202 
covering the deterioration test have been 
revised so that more sensitive methods 
for measurement of heat stability will be 
specified. A reduction in the severity of 
the heat treatment which may show rela- 
tive permanence was also included in the 
revision. 

Subcommittee IX on Mica (E. O. 
Hausmann, chairman) recommended the 
following revisions of Standard D 351 - 
46: 

1. Changing the visual quality clas- 
sification table to a form that is mu- 
tually agreeable to all mica interests, 

2. Adding color transparencies as 
standards of quality. 

3. Removing the power factor and 
dielectric constant test and issuing it 
as a separate tentative method, and 

4, Adding an appendix describing a 
method for optical axial angle of mica. 


The first two items are matters of 
agreement on definitions in quality and, 
thus, no further justification is required. 
The removal of the power factor and 
dielectric constant test from the standard 
was largely an editorial change. The sub- 
committee recommended the addition 
of the optical axial angle between the 
limits of 50 and 75 deg. as a test for 
identifying Muscovite mica. 

Subsequent to action by Committee 
D-9, it was found that color transparen- 
cies would not be available, so action was 
taken to remove all reference to color 
transparencies from the method. This 
was considered to be an editorial change. 
Subcommittee [X has been very actively 
trying to get suitable color transparen- 
cies. Earlier hopes for obtaining satis- 
factory transparencies have diminished 
very decidedly and there is serious doubt 
now that they can be produced, al- 
though efforts are still being made. 

The subcommittee provided for repre- 
sentation of American mica interests at 
the meeting of a Committee on Mica of 
the International Standards Organiza- 
tion (ISO/TCS56) in Delhi, India, last 
January. Although action of that com- 
mittee was largely in agreement with 
American ideas, there was disagreement 
with certain actions. These items are still 
under discussion. 

Subcommittee XI on Significance of 
Tests (J. H. Palmer, chairman) submitted 
to the committee a Proposed Recom- 
mended Practice for Writing Statements 
as to the Usefulness of Tests of Electrical 
Insulating Materials. This was approved 
by a letter ballot of the committee and 
appears in the January, 1950 compilation 
of D-9 standards. It is now unnecessary 
for the subcommittee to approve signifi- 
cance statements if the proposed recom- 
mended practice is followed. 

Subcommittee XII on Electrical Tests 


(K. N. Mathes, chairman) made several 
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editorial changes in the Methods of Test 
for Electrical Resistance of Insulating 
Materials (D 257 - 49 T). A bibliography 
for D 257, with references appropriately 
located throughout the text, is being 
prepared. 

Work on arc resistance is continuing. 
Two section meetings were held during 
the past year. At both meetings, the 
results of the round-robin completed by 
the eight participating laboratories on 
Methods D 495 were discussed. Statisti- 
cal analysis of the data indicated the 
over-all average relative variation for 
eight laboratories and for all six materials 
to be about 20 per cent. While this result 


was somewhat disappointing, the general 
ie opinion is that the present method is still 
> a definite improvement over the previous 


- method. A more limited round-robin is 
planned to investigate the reasons for 
disagreement on the results obtained for 
some special “‘arc-resistant” materials. 
Task groups are at work studying: the 
extension of Methods D 495 to include 
higher current arcs (above 40 ma.), the 
development of a method of providing a 
continuous rate of increase in arc severity, 
and other forms of arc-resistance tests. 
The subject of suitable electrode con- 
figurations and electrode materials is 
being actively pursued toward preparing 
statements relative to application tech- 
niques and their uses, where appropriate, 
in the various electrical test methods. 
A revision of Method D 150 for Power 
Factor and Dielectric Constant is under 
way. The revised method will include 
methods for measurements of a-c. loss 
characteristics at ultra-high frequencies. 
Subcommittee XIV on Conditioning 
(A. C. Webber, chairman) is a joint sub- 


Revisions of Conditioning Methods D 618 
are being prepared by the subcommittee 
to include additional standard elevated 
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committee of Committees D-9 and D-20. — 


test temperatures together with workable 
tolerances, along with several other 
changes that are editorial in nature. 
Editorial changes in the Recommended 
Practice for Maintaining Constant Rela- 
tive Humidity by Means of Aqueous 
Solution (D 1041-49T) were recom- 
mended. These changes will delete un- 
necessary terms and insignificant figures 
in the formula used for calculation of 
concentration of solates in the humidity 
controlling solutions. 

One of the more important items under 
consideration of the subcommittee is 
relative to the revision of Specifications 
D 760 and D 761 for Servicing Units and 
Enclosures for Tests of Electrical In- 
sulating Materials and Plastics at Other 
than Normal Temperatures. The reasons 
expressed for the need of these revisions 
were that the present specifications are: 
(a) too inflexible, such as constructional 
details that should be left to the discre- 
tion of the designer are rigidly prescribed, 
and (6) do not include adequate per- 
formance requirements. 

Subcommittee XIII on Mechanical 
Tesis is temporarily inactive. Such 
mechanical methods of test, involving 
tests under the committee’s jurisdiction, 
receive consideration within the various 
subcommittees. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 167 voting members; 79 members 
returned their ballots, of whom 75 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


C. T. Hatcuer, 
Chairman. 

E. A. SNYDER, 
Vice-Chairman. 
O. E. ANDERSON, 
Recording Secretary. 
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APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS FOR ELECTRICAL 
INSULATING MATERIALS 


In this appendix are given recom- 
mendations affecting certain standards 
and tentatives concerning electrical in- 
sulating materials which are referred to 
earlier in this report. The standards and 
tentatives appear in their present form 
in the 1949 Book of A.S.T.M. Stand- 
ards, Part 6, and also in the January, 
1950 Compilation of A.S.T.M. Standards 
on Electrical Insulating Materials. 


REVISION OF TENTATIVES 


Tentative Specifications for Orange 
Shellac and Other Indian Lacs for 
Electrical Insulation (D 784 —44T): 


These revisions were recommended 
because it was the concensus of the 
members that the present specifications 
provide ranges of test temperatures 
that are beyond the general practice 
followed in other A.S.T.M. specifi- 
cations: 


Table I.—Change the heading “Polym- 
erization time” to read “Polymerization 
time at 150 + 1 C.” and the heading 
“Flow test” to read “Flow test at 110 + 


Tentative Specifications for Black Bias- 
cut Varnished Cloth Tape Used for 
Electrical Insulation (D 373 - 49 T): 


The revision of these specifications 
replaces the indefinite listing of tape 
thicknesses with three specified nominal 


_ thicknesses, within the scope of the spec- 


ifications. The thicknesses selected have 
become universally accepted as standard 
for this type of electrical insulation: 

Table I.—Under the heading ‘“‘Nom- 
inal Thickness”, list “12 mils,” ‘10 
mils,” and “7 mils, ” respectively in place 
of the present values. 

Section 10 (a).—In the third sentence 
change the phrase “from 5 to 9 mils in 
thickness” o “of 7 mils nominal thick- 
ness” phrase “10 to 12 mils 
in thickness” “of 10 and 12 mils nom- 
inal 
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Tentative Methods of Testing Nonrigid 
Polyvinyl Tubing (D 876 - 46 T): 


This revision provides for a measure of 
internal stress retained in plastic tubing 
after extrusion and indicates to some ex- 
tent the amount of shrinkage which may 
occur when the tubing is in close 
proximity to a joint being soldered or 
when an assembly is exposed to heat in 
the process of manufacture. 

New Sections 50 to 53.—Add the follow- 
ing new test procedure for internal stress 
measurement: 


INTERNAL STRESS MEASUREMENT 


50. Apparatus.—The apparatus shall consist 
of the following: 

(a) A covered stainless steel or heat re- 
sistant glass tank at least 12 in. long by 5 in. 
wide and 5 in. deep. 

(b) A basket of lightweight stainless steel 
wire screening at least 11 in. long approximately 
1 in. deep and of a width slightly less than the 
width of the tank. It shall be compartmented 
with screening in a lengthwise direction to hold 
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tubing specimens straight while immersed. A 
wire-screen cover shall be provided to keep 
specimens in their respective compartments and 
to insure complete immersion. 

(c) A source of controlled heat. 

(d) A thermometer calibrated to not less 
than 1 C. per division. 

(e) A scale graduated to 0.01 in. 

51. Test Specimens.—Three straight lengths 
of tubing 10 + 0.01 in. long and cut square at 
the ends. 

52. Procedure.—Fill the tank with glycerine 
to a level about 1 in. below the top and with the 
basket immersed, bring the temperature of the 
glycerine up to a steady state of 150 C. Raise 
the basket to the surface of the glycerine and 
place the tubing specimens in the basket as 
rapidly as possible not more than one specimen 
to a compartment. Cover the basket and lower 
1 in. below the surface of the liquid for 15 
min. Maintain the glycerine at 150 + 1 C. 
during the entire test period. Remove the basket 
from the liquid and allow the specimens to cool 
to room temperature. Then remove the speci- 
mens from the Basket and measure the length 
of each. 

53. Report—The report shall include the 
following: 

(1) Size of tubing from which specimen was 
taken, 

(2) Length of tubing after completion of 
test, 

(3) Percentage change in length (shrinkage) 
calculated on 10-in. length, and 

(4) Average shrinkage. 


_ Tentative Methods of Testing Electrical 
Insulating Oils (D 117 - 47 T): 


‘The revision of these methods consists 
of several changes in the existing tests 
covered in this tentative as well as pro- 
viding a test for interfacial tension of oil 
against water by the ring method. The 
revised methods of test, appended 
hereto,! are recommended for publica- 
tion as tentative. 


Tentative Methods of Testing Askarels 
(D 901 - 49 T): 


These revisions provide for a reference 
to modifications of certain test pro- 
cedures in the scope, improvement of the 
1Th ised methods were accepted by the Society 
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and appear in the 1950 Supplement to Book o 
Standards, Parts 5 and 6. 
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sampling procedures, and the addition of 
two new sections describing the de- 
termination of dielectric strength: 

Section 1.—Add a second sentence to 
read as follows: “For askarels having a 
Saybolt universal viscosity of over 110 
sec. at 100 F., modifications of certain 
test procedures are necessary.” 

Sections 7 (c) and 8 (c).—Delete those 
paragraphs which require the rinsing of 
the sample container and sampling 
apparatus with the liquid to be sampled 
because Section 5, detailing the cleaning 
procedure, makes no further rinsing 
necessary. Reletter subsequent para- 
graphs accordingly. 

Section 7 (e).—Delete “preferably on 
their sides” in the first sentence because 
present-day drums may have their bungs 
on either the side or on the top. 

Section 29 (b).—Revise to read: ‘‘(b) 
Water Supply—A water supply, the 
temperature of which may be varied.” 

New Sections 32 and 33.—Add two new 
sections to the method under the heading 
“Dielectric Strength.” Delete the pres- 
ent note under “Dielectric Strength.” 


32. Except as stated in Section 33, the 
dielectric strength of askarels shall be deter- 
mined in accordance with the Standard Method 
of Test for Dielectric Strength of Insulating Oils 
of Petroleum Origin (A.S.T.M. Designation: 
D 877). 

33. For referee tests, breakdowns shall be 
made in an atmosphere having a relative humid- 
ity not exceeding 55 per cent. At higher humid- 
ities, the dielectric strength of the test samples 
may be materially lowered by the absorption of 
atmosphere moisture. 


Tentative Methods of Testing Glass- 
Bonded Mica for Electrical Insulation 
(D 1039 - 49 T): 


These revisions provide for additional 
information relative to each of the in- 
dividual tests concerning test specimen 
sizes, conditioning procedures and other 
pertinent information such as electrodes 
and rate of voltage rise in the dielectric 
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strength test. The revised methods of 
test, appended hereto,? are recommended 
for publication as tentative. 


Tentative Methods of Testing Varnished 
Cloths and Varnished Cloth Tapes 
Used in Electrical Insulation (D 295 - 
49 T): 


This revision simply provides a pro- 
cedure for selecting samples of varnished 
cambric tape shipped packed in oil. 

Section 3 (a).—Add the following sen- 
tence after the first sentence: “On tape 
shipped packed in oil, the outer layer 
shall be discarded before samples are 
taken.” 


Tentative Methods of Testing Varnished 
Glass Fabrics and Varnished Glass 
Fabric Tapes Used in Electrical Insu- 
lation (D 902 - 47 T): 


These revisions provide significance of. 
_ test statements for the thickness, break- 


ing strength, dielectric strength, resist- 
ance to oil, weight, and: threads per inch 
tests. 

New Sections.—Add the following as 
new Sections 6, 7, 10, 11, 16, 17, 33, 34, 
41, 42, 44 and 45, renumbering the sub- 
sequent sections accordingly: 


6. Definition.—Thickness of varnished glass 
cloth and varnished glass cloth tape is the 
perpendicular distance between the outer var- 
nished surfaces of the material as determined in 
accordance with this method. 

7. (a) Significance.—This test is of value in 
determining whether the material meets specified 
tolerances for thickness. In addition, thickness 
values are essential because of the importance 
of space factor in designing electrical equip- 
ment. 

(b) Determination of dielectric strength, usu- 
ally expressed in volts per mil, also necessitates 
thickness measurements. 

10. Definition—The breaking strength of 
varnished glass cloths and varnished glass cloth 
tapes may be defined as the force required to 
break the cloth or tapes when tested under 
certain prescribed conditions. 

2 The revised methods were accepted by the Society 


and appear in the 1950 ie Bes to Book of A’ 
Standards, Part 6. 


11. Signijicance.—The breaking strength of 
finished cloth and tape is of importance as a 
measure of its ability to withstand reasonable 
pulling without failure while being applied in 
service. 

16. Definition.—The dielectric strength of 
varnished glass cloth or tape may be defined as 
the maximum potential gradient, usually ex- 
pressed in volts per mil, that the material can 
withstand without rupture, when the cloth or 
tape is electrically stressed between two elec- 
trodes under prescribed conditions. 

17. Significance.—Dielectric strength of var- 
nished glass cloth or tape insulating material is 
of significance for the following reasons: 

(a) Insulating materials are subjected to 
electrical stresses in service for long periods of 
time. Although these service stresses are usually 
a small fraction of the breakdown stresses de- 
termined by dielectric strength tests, it has been 
found that, for any given material, the service 
stresses which it can withstand during its life 
bear some relation to the breakdown stresses 
obtained in the dielectric strength test. This 
test, therefore, gives some indication of the 
ability of the cloths or tapes to withstand the 
service stresses to which they are subjected. 

(b) This test often detects the presence of 
defects in the cloth or varnish such as blisters, 
pin-holes, foreign particles, surface checks, etc., 
although it is inadequate for this purpose since 
only a small part of the surface is explored. 

(c) This test is of value in determining the 
ability of the cloth or tape to withstand con- 
ditions of elongation and hot oil, encountered 
in some service applications, without excessive 
loss of dielectric strength. 

(d) Three methods of testing for dielectric 
strength are given, the “‘short-time,”’ the “step- 
by step” or “slow-rate-of-rise,” and the “en- 
durance” tests. Choice of the method should be 
based on whether or not the effect of time under 
stress is considered an important factor, and the 
available time which can be allowed for each 
test. See also the general statement on Sig- 
nificance of the dielectric strength test. 

33. Definition —The oil resistance of var- 
nished glass cloth or tape is the property of the 
varnish film to withstand the attack of mineral 
oil without excessive impairment of its physical 
and electrical characteristics when the varnished 
cloth or tape is immersed in a specified oil for a 
prescribed period of time at a given temperature. 

34. Significance: (a) The oil resistance of 
varnished glass cloth or tape determines the 
suitability of the insulation for use in oil-im- 
mersed apparatus, such as oil-filled transformers 


and switches, and in electric cables and cable 
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splices. It will also serve to indicate service- 
ability in proximity to lubricating oils. Such 
oils, however, usually have very little effect on 
a varnish film as compared with transformer 
oil. 

(6) When immersed in oil, black varnish 
films usually soften and swell slightly but they 
should not blister, wrinkle, nor separate from 
the cloth. Yellow varnish films are much more 
oil resistant than black films and soften and 
swell very little, if any. In either case, the 
dielectric strength should not be impaired. 

41. Definition—The “weight” of varnished 
glass cloth and varnished glass cloth tapes is 
the weight per unit area as determined in ac- 
cordance with this method. It is usually ex- 
pressed in pounds-per-square-yard for a specified 
nominal thickness. 

42. Significance.—The ratio of varnish weight 
to glass cloth weight, within and between ship- 
ments, can be determined from the weight of 
varnished glass cloth and varnished glass cloth 
tape and the weight of the cloth base. This ratio 
is a factor in determining the electrical character- 
istics of the material. Weight values are useful 
for estimating weight in designing electrical 
equipment containing a constituent part of 
varnished cloth or tape. 

44. Definition —The threads per inch of var- 
nished glass cloth refers to the count of the 
number of warp and filling yarns present in the 
base glass cloth per linear inch of length or 
width. 

45. Significance: (a) Thread count, together 
with the weight and the width of the glass 
cloth, is accepted as the common means for 
designating and identifying cloth constructions. 

(b) Certain of the physical and electrical 
properties of woven fabrics are dependent on 
thread count. That is, assuming the same size 
of yarn, an increase in thread count increases 
the weight, breaking strength and density of 
the cloth. Also, the dielectric strength and 
power factor of the varnished fabric may be 
changed by altering the number of threads per 
inch of the cloth. 


Tentative Methods of Sampling and 
Testing Untreated Paper Used in Elec- 
trical Insulation (D 202 -49T): 


These revisions provide for: the addi- 
tion of significance of test statements for 
thickness, bursting strength, folding en- 
durance, air resistance and impregnation 
time; the addition of the newly developed 
tests for water soluble matter, alcohol 


soluble matter, and water soluble sul- 
fates; the reference to a fiber analysis 
method; and revisions in the deteriora- 
tion test (heat stability test). The pro- 
posed revisions are appended to this 
report.’ 


TENTATIVE REVISIONS OF STANDARDS 


Standard Methods of Testing Sheet and 
Plate Materials Used in Electrical In- 
sulation (D 229 — 49): 


The following revision of the existing 
tentative revision of this standard pro- 
vides for testing materials 7 in. and over 
in thickness in accordance with A.S.T.M. 
Method D 790. 

Sections 7 to 10.—Change the heading 
for those sections on flexural strength 
test to read, “For Materials under ¥, in, 
in Thickness” retaining the present foot- 
note 5. 

New Section—Add the following as a 
new Section 11, renumbering the sub- 
sequent sections accordingly: 

11. For Materials 3; in. or Over in Thickness: 
(a) Except for definitions of cutting directions of 
specimens as specified in Section 2 and for 
conditioning as specified in Section 3, the 
flexural strength properties including modulus 
of rupture and modulus of elasticity in bending 
shall be determined in accordance with the 
Tentative Method of Test for Flexural Proper- 
ties of Plastics (A.S.T.M. Designation: D 790). 

(b) Five specimens cut lengthwise and five 
specimens cut crosswise of the sheet shall be 
tested for flatwise test. Where edgewise tests 
are desired, five specimens shall also be cut 
lengthwise and five crosswise of the sheet. 

REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


Standard Methods of Testing Shellac 
Used for Electrical Insulation (D 411 - 
44): 

These revisions are consistent with the 
reasons stated for the recommended 


changes given above in the Specifications 
for Shellac (D 784 - 44 T). 


* The revised methods were accepted by the Society 
and appear in the 1950 ‘vesmens to Book of ASTM 


Parts 4 and 6. 
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Section 3 (b).—Change the first sen- 
tence to read: “An oil bath of such con- 
struction as to permit the maintaining of 
a test temperature of 150 + 1 C.” 

Section 6 (a).—Change the second sen- 
tence to read: “The tube shall then be 
inserted and held securely in a vertical 
position in the test rack, placed in the 
oil bath having a test temperature of 150 
+ 1 C. maintained throughout the test.” 
Also delete the note appearing in this 
section. 

Sections 9 (a) and (b).—Change to read 


as follows: 


9. (a) The purpose of this test is to determine 
the flow of shellac when subjected to 110 + 
1 C. under the conditions of test described 
herein. 

(b) The method consists in melting a sample 
of ground shellac in a graduated test tube and 
then tilting the tube to a definite angle while 
maintained at 110 + 1 C. in order to permit the 
shellac to flow down the tube. 


Section 12 (b).—Change to read: (0) 
The testing fixture, with the glass test 
tubes in a vertical position, shall be in- 
serted in the oil bath maintained at the 
test temperature of 110 + 1 C.” Also 
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REPORT OF COMMITTEE D-10 


ON 
SHIPPING CONTAINERS? 


Committee D-10 held two meetings 
during the year: a fall meeting in Detroit, 
Mich., on October 6 and 7, 1949, and a 
spring meeting in Madison, Wis., on 
April 27 and 28, 1949. There was an 
attendance of 34 and 53, respectively, 
at these meetings. Following custom, an 
address and an inspection trip were 
scheduled for each meeting. These in- 
cluded a talk by L. J. Markwardt, Vice- 
President of the Society, and personally 
conducted tours through the Cadillac 
Motor Plant and the U. S. Forest 
Products Laboratory. 

Due to the expanding interests of the 
committee, a revised scope has been 
discussed with the Board of Directors of 
the Society. This broader coverage will 
more fully cover the entire field of 
packaging, including packages, packing 
shipping containers and pallets. 

At the spring meeting, officers for the 
ensuing term of two years were elected 
as follows: 

Chairman, T. A. Carlson. 

Vice-Chairman, R. C. McKee. 

_ Secretary, E. R. Stivers. 
_ Advisory Committee: 
~ strom, A. V. Grundy. 

The committee now consists of 80 
members, of whom 32 are classified as 
consumers, 28 as producers and 20 as 
general interest members. 


H. A. Berg- 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 


ON STANDARDS 


a ‘ Subsequent to the 1949 Annual Meet- 


1 Presented at the Fifty-third Annual Meeting of the 
26-30, 


ing, Committee D-10 presented to the 
Society through the Administrative Com- 
mittee on Standards the proposed Tenta- 
tive Method of Test for Water Vapor 
Permeability of Shipping Containers 
(D 1008-49 T). This recommendation 
was accepted by the grag Com- 
mittee on September 2 22, 1949, and the 
new tentative appears in the 1949 Book 
of A.S.T.M. Standards, Part 4. 

On March 1, 1950, the Administrative 
Committee on Standards accepted the 
recommendation of Committee D-10 
that the Method of Testing Large Ship- 
ping Cases and Crates be published as 
tentative. The new tentative will appear 
in the 1950 Supplement to Book of 
A.S.T.M. Standards, Part 4, bearing the 
designation D 1083 — 50 T. 


ADOPTION OF TENTATIVES AS STANDARD 


Tentative Method of Drop Test for Bags 
(D 959 —- 48 T).*~—Committee D-10 rec- 


- ommends that this method be approved 
for reference to letter ballot of the 
Society, with the following revisions: 


Section 5(a).—Revise to read as follows: 


5. (a) Procedure A.—Bags shall be dropped 
on any face, butt or side in accordance with 
Paragraph (c). 

(b) Procedure B.—Bags shall be dropped on 
faces, butts, and sides in a specified sequence of 
drops as follows: (1) front (2) back (3) right 
side (4) left side and optional (5) bottom (6) 
top and in accordance with Paragraph (c). 
Before each drop the contents shall be uni- 
formly distributed throughout the bag. 

(c) The bag shall be positioned with the 
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center of gravity of the contents over the point 
of impact, and the face on which the bag is to 
fall shall be parallel to the floor. Drops shall be 
vertical, free and unobstructed. 


Section 5(b).—Reletter as Paragraph 
(d), relettering subsequent paragraphs 
accordingly and revise as follows: 

(d) Height of Drop.—Drop on faces, butts 
and sides may be from the same height, or 
drops on butts and sides may be from lesser 
heights, in a definite relationship. Unless other- 


wise specified, the height of face drops shall be 
4 ft. 


Section 6.—Delete (4) and replace 
with the following: “(4) Type of ap- 
paratus and procedure used.” 

Tentative Definitions of Terms Relating 
to Shipping Containers (D 996 - 48 T).2— 
The committee recommends that these 
definitions be approved for reference to 
letter ballot of the Society for adoption 
as standard. 

Tentative Method of Drop Test for 
Cylindrical Shipping Containers (D 997 - 
48 T).2—The committee recommends 
that this method be approved for 
reference to letter ballot of the Society 
for adoption as standard. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption revisions in the follow- 
ing standard and accordingly asks for a 
nine-tenths affirmative vote in order 
that these recommendations may be 
referred to letter ballot of the Society: 

Standard Method of Incline Impact 
Test for Shipping Containers (D 880 - 
47).*—For the purpose of clarification on 
construction of apparatus the following 
revisions are made: 

Section 2(a).—Change second sentence 
to read as follows by the addition of the 
italicized words: 


The bumper shall be a wood barrier with 
a face made of Group IV Woods of sufficient size 
to permit full contact with shipping container, 


constructed at the bottom of incline, with the 
plane of the face perpendicular to the direction 
of the movement of carriage. 

Change the fourth sentence to read 
as follows by the addition of the italicized 
words: 

The track shall accommodate the flat-bed 
rolling carriage or dolly which is equipped with 
steel wheels and a renewable face made of Group 
4 Woods or Group 4 Plywood. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.’ 

ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Definition of Terms 
(E. Dahill, chairman) has been working 
on additional terms on which there are 
differences of opinion. The present 
Tentative Definitions D 996 - 48 T was 
the result of nearly five years’ work, 
indicating how such matters move. 
These are now being advanced to 
standard. 

Subcommittee II on Methods of Test 
(E. R. Stivers, chairman) has been 
active on new as well as old standards. 
Its Section 6 did exceedingly well in 
obtaining approval of the new Tentative 
Method of Testing Large Shipping 
Cases and Crates in two years. The 
new Section 7 on Pallets in six months 
brought in a proposed tentative which 
was the center of discussion at the 
Madison meeting. It is expected that 
with some changes this proposal will be 
accepted within the coming year. 

Subcommittee IV on Performance 
Standards (J. H. Toulouse, chairman) 
is the center of interest. This committee 
has several sections considering stand- 
ards for various tests. These sections 
are finding it necessary to make a care- 
ful study of the test methods in order to 
more clearly evaluate the results. Since 


§ The letter ballot on these recommendations was favor- 
able; the results of the vote are on record at ASTM Head- 
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there are wide differences of opinion in 
regard to performance requirements, 
this committee has a task which is 
difficult and tedious. The fact that there 
are so few accepted standards makes its 
work of prime importance. 

One section has recommended weight 
classifications which met with general 
approval as follows: 


Oto 501b. .... One man throwing 
Over SOto 90 1b. .... One man lifting 
Over 90 to 200 lb. .... Two men lifting 
Over 200 to 500 lb. .... Manual handling 
with equipment 
Over 500 to 1000 lb. .... Power handling 
Over 1000 lb. .... Special handling 


Subcommittee V on Correlation of Tests 
and Test Results (R. C. McKee, chair- 
man) is considering a series of round 
robin tests to determine variations in 
drum tests and test results, using 
A.S.T.M. Standard Method D 782 - 47. 
It is hoped this project will be under 
way in the near future. 


REPORT OF COMMITTEE D-10 


Subcommittee VI on Interior Packing 
(W. B. Lincoln, Jr., chairman) has 
compiled a list of 180 terms which is 
ready for transmission to Subcommittee 
I. This has been a long, difficult task 
and the committee is now ready to move 
aggressively on other items on its 


docket. 


This report has been Bay 
letter ballot of the committee, which 
consists of 80 members; 58 returned 
their ballots, of whom 56 have voted 
affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


T. A. CARLSON, 
Chairman. 


Ear R. STIvErs, 
Secretary. 
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RUBBER AND RUBBER-LIKE MATERIALS! 


Committee D-11 on Rubber and 
Rubber-Like Materials held one meeting 
during the year in Pittsburgh, Pa., on 
March 3, 1950, in connection with the 
spring group meetings of A.S.T.M. com- 
mittees. All of the subcommittees, how- 
ever, have been actively carrying on 
their work throughout the year by cor- 
respondence and in many cases, have 
held separate meetings. 

Mention was made in the 1949 report 
of an invitation which had been extended 
to ISO Technical Committee 45 to meet 
in the United States in 1950. Since that 
time, plans have developed for an inter- 
national rubber conference to be held in 
Cleveland during the week of October 9 
under the sponsorship of the Rubber 
Division of the American Chemical 
Society. Since this will bring a large num- 
ber of foreign guests to this country, 
ISO Technical Committee 45 has ac- 
cepted the invitation and has designated 
the week following the international 
conference as the time for its meetings. 
Committee D-11 will act as host for the 
meetings of this ISO Technical Com- 
mittee for which plans are now in 
preparation. 

The special committee within Com- 
mittee D-11 on standard reference sam- 
ples of rubber compositions and rubber 
compounding ingredients, which has been 
cooperating with the National Bureau of 
Standards in the development of this 
standardization program, has continued 
its work of securing agreement on a series 
of typical rubber compound formulations 
from which standardized rubber samples 


1 Presented at o ae third Annual Meeting of the 
Society, June 50. 
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ON 


may be made available. Proposed formu- , 


lations have been circulated for criticism 

and are practically ready for formal 
recommendation. One factor which has 
retarded this program has been the : 
difficulty in obtaining an adequate sup- 

ply of a uniform standard crude rubber 

for use in the formulations. 


The election of officers for the ensuing 
term of two years resulted in the reelec- 
tion of the following: 


Chairman, Simon Collier. 
Vice-Chairman, H. G. Bimmerman. 
Secretary, Arthur W. Carpenter. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 


ing, Committee D-11 submitted the 
following recommendations to the So- 
ciety through the Administrative 


Committee on Standards: 


New Tentative Specifications and Methods of 
Test for: 


Concentrated, Ammonia Preserved, Creamed 
and Centrifuged Natural Rubber Latex 
(D 1076 - 49 T). 


New Tentative Method of: 


Test for Evaluating Pressure Sealing Properties 
of Rubber and Rubber-Like Materials 
(D 1081 - 49 T), and : 

Test for the Curing Characteristics of Vulcaniz- 
able Mixtures during Heating by Means of 
Shearing Disk Viscometer (D 1077 - 49 T). 


Revision of Tentative Method of: 


Test for Compression Set of Vulcanized Rubber 
(D 395 - 47 T), € 

Test for Changes in Properties of Rubber and — 
Rubber-Like Materials in Liquids (D471- | 
46T), 
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Testing Asphalt Composition Battery Contain- 
ers (D 639 - 46 T), 

Test for Indentation of Rubber by Means of 
a Durometer (D 676-47 T), and 

Test for Viscosity of Rubber and Rubber-Like 
Materials by the Shearing Disk Viscometer 
(D 927 ~ 47 T). 


‘ _ Revision of Tentative S pecifications and Methods 
; of Test for: 


Latex Foam Rubbers (D 1055 49 T), and 
Sponge and Expanded Cellular Rubber Prod- 
ucts (D 1056-49 T). 


yi Tentative Revision of Standard Methods of: 


ao a Testing Compressed Asbestos Sheet Packing 
(D 733 - 49). 


‘ Revision and Reversion to Tentative of Standard 
= Methods of: 


‘Tension Testing of Vulcanized Rubber (D 412 - 
T). 


These recommendations were accepted 
| by the Standards Committee on De- 


cember 22, 1949, with the exception of 
the last recommendation, which was 
accepted on January 17, 1950. The new 
and revised tentatives and the tentative 
revision of Standard D 733 appear in 
the 1949 Book of A.S.T.M. Standards, 
Part 6. 
_ The new Tentative Specifications and 
Methods of Test for Natural Rubber 
_ Latex were originally published as pro- 
posed specifications with the 1949 Annual 
Report, but the committee decided to 
give them tentative status at once, after 
ae agreement was reached on controversial 
- points, since they are urgently needed 
_ for adequate control of the quality of 
natural rubber latex coming into the 


market. 
Late The new Tentative Method of Test 
y for Evaluating Pressure Sealing Proper- 
ties of Rubber has been used by the 
U. S. Navy for some time for the evalua- 
tion of packings, and the committee has 
prepared the method in standardized 
form in the belief that it is valuable for 
use in many other applications of rubber. 
The new Tentative Method of Test for 


ay 
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Determining the Curing Characteristics 
of Vulcanizable Mixtures by Means of 
the Mooney Viscometer has been found 
to be valuable for studying the scorching 
characteristics of compounds during pro- 
cessing and for evaluating the rate 
of cure. 

The committee has been working for 
several years to standardize Methods for 
Testing Rubber Thread since no gen- 
erally accepted standard procedures have 
been available in this field. It was con- 
sidered advisable to make available the 
results of this work through publication 
of those tests which have been agreed 
upon in the form of a proposed method 
of test. Work will continue on the evalu- 
ation of the proposed methods and on 
the possible addition of others, but it is 
expected that the present publication 
will greatly aid the committee by stimu- 
lating wider use and suggestions. 

The revision of Methods D 471 im- 
proved the definition of the composition 
of the standard reference fuels used as 
immersion liquids and the method for 
removing immersion oils from specimens 
after immersion. The revision of Method 
D 395 for Compression Set Determina- 
tion contained editorial corrections and 
changed the conditions for heat treat- 
ment of the specimens to include a higher 
temperature than previously was per- 
mitted but which is in common use in 
the industry. In the Hardness Test 
Method using a Durometer, a number of 
details of technique have been in con- 
troversy for an extended period. Agree- 
ment has been reached in the committee 
concerning these matters and the revi- 
sion incorporates these agreements in the 
tentative methods. In the 1949 Annual 
Report, the Specifications and Methods 
of Test for the different types of Cellular 
Rubbers were completely revised and 
separated. Following publication of these 
changes, need for additional revision 
became evident and was effected by the 
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recommendations accepted by the Stand- 
ards Committee. The revision of the 
Test Methods for Asphalt Composition 
Battery Containers applied only to the 
preparation of the test specimen for the 
acid absorption test. In the case of the 
Mooney Viscosity Method, D 927, a 
number of test details were clarified and 
better defined. This applied particularly 
to control of temperature conditions. The 
change in the Standard Method of Test- 
ing Compressed Asbestos Sheet Packing, 
D 733, involved only the addition of an 
explanatory note. In the case of the edi- 
torial note added in the Oxygen Bomb 
Aging Method and the Air Pressure 
Heat Test, an important cautionary 
note was added concerning the danger of 
using oil or other combustible organic 
fluids as heating media where oxygen or 
high pressure air might be involved. The 
reversion to tentative and the revision of 
the Standard Methods of Tension Test- 
ing, D 412, brought into published form 
the results of several years’ work by the 
committee, incorporating into these 
methods new developments and im- 
provements which have resulted from 
experience in connection with the use 
of synthetic rubbers. 

The four new Tentative Specifications 
on Rubber Protective Equipment, ac- 
cepted last June, were approved by the 
American Standards Association on 
January 9, 1950, and carry the following 
ASA designations: 

Specifications for Rubber Insulating Line Hose 

(D 1050 - 49 T; ASA J6,1-1950) 
Specifications for Rubber Insulator Hoods 

(D 1049-49 T; ASA J6.2—1950) 
Specifications for Rubber Insulating Blankets 

(Without Fabric Reinforcement) (D 1048 - 49 

T; ASA J6.4—1950), and 
Specifications for Rubber Insulating Sleeves 

(D 1051-49 T; ASA J6.5-1950.) 

On recommendation of Committee 
D-11, Gordon Thompson has been ap- 
pointed A.S.T.M. representative in ASA 
Sectional Committee C-8 on Insulated 
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Wires and Cables, replacing F. M. 
Farmer. W. P. Tyler has been appointed 
as Committee D-11 representative in the 
new Committee E-13 on Absorption 
Spectroscopy. G. H. Swart has been 
designated to represent Committee D-11 
in Committee D-19 on Industrial Water. 
Committee D-11 is interested in the work 
of Committee D-19 on the development 
of specifications for high purity water 
for use as a chemical reagent and in 
certain process work since this is im- 
portant in the manufacture of synthetic 
rubbers. 


REVISIONS OF TENTATIVES 


Although the committee is not pro- 
posing any new tentatives at this time, 
it is recommending that nine of the pres- 
ent tentatives be revised as indicated 
and continued as tentative: 

Tentative Specifications for Insulated 
Wire and Cable: Class AO, 30 per cent 
Hevea Rubber Compound (D 27 - 46 T)? 
—This revision includes minor changes to 
bring this specification into conformity 
with present practice: 

Section 6.—Change the value of “1 
per cent under” to “1 per cent under for 
solid conductors and 2 per cent under for 
stranded conductors” in the permissible 
variations specified in this section. This 
is necessary to conform with Standard 
Specifications for Concentric-Lay- 
Stranded Copper conductors, Hard, 
Medium-Hard or Soft (B 8 - 49). 

Section 7 (a).—Change this section 
to read as follows by the addition of 
italicized words: 

7. (a) Where lead or lead-alloy coated wire 
is used, the continuity of the lead coating shall 
be determined in accordance with either Section 
7 or Section 8 of the Standard Specifications 
for Lead-Coated and Lead-Alloy-Coated Soft 
Copper Wire for Electrical Purposes (A.S.T.M. 
Designation: B 189). If a tin-coated wire is 
used, it shall conform to the Standard Specifications 
for Tinned Soft or Annealed Copper Wire for 


2 1949 Book a A. Ss. T.M. Standards, Part 6. 
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Electrical Purposes 
B 33).” 


Table II, Thickness of Insulation and 
Alternating Test Voltage—tInclude the 
first line, covering No. 18 to No. 16 
wire, in the 0 to 600 v. class and omit the 
0 to 300 v. classification. Delete Foot- 
note (b) referring to these sizes. 

Section 25.—Change the second sen- 
tence to read as follows by the addition 
of the italicized words: “The tape shall 
be treated on af least one side with an 
insulating compound of a nature not 
injurious to the wire insulation.” 

Section 31 (b).—In the second sentence 
of this section include a reference to Table 
VII, as well as to Table VIII or Table IX. 

Section 37.—Change to read as follows 
by the addition of the italicized words: 
“The moisture-resistant properties of 
the braid covering on single conductor 
wires and cables, etc.” 

Tentative Methods of Chemical Analy- 
sis of Rubber Products (D 297 - 43 T)? 
—In this revision, as appended? to this 
report, these methods of analysis have 
been completely rewritten including: 
additional definitions, rearrangement 
into a more usable form, and changes to 
bring the methods into general agree- 
ment with recent revisions of Federal 
Specifications Board methods in the 
same field. While work still remains to 
be done and is in progress on improve- 
ment of existing methods and the addi- 
tion of new ones, the present revision 
represents an important step forward. 

Tentative Methods of Testing Rubber 
Hose (D380 49T).*~—The following 
change is recommended in order to bring 
the immersion test conditions into con- 
formity with present practice: 

Section 25 (c).—Delete the fourth 
sentence and replace with the following: 
“When the test liquid is a fuel, the tem- 
perature during the immersion period 
shall be 70 to 90 F. except when arbitra- 

ie The revised method was accepted by the Society 


appears in the 1950 Supplement to Book of ASTM 
Part 6. 


(A.S.T.M. Designation: 


tion is involved, in which case, a test 
atmosphere of 50 + 4 per cent relative 
humidity at a temperature of 73.5 
+ 2 F. shall be maintained. When the 
test liquid is an oil, the temperature shall 
be 212 + 2 F. during the test.” 

Tentative Methods of Testing Rubber In- 
sulated Wire and Cable (D 470-49 T). 
—This revision provides for the deter- 
mination of ozone concentration by 
either the present chemical analysis 
method or by direct measurement with 
an ozonometer. The latter method has 
the advantage of permitting continuous 
readings of the ozone concentration dur- 
ing test and is applicable for such use 
with ozone concentrations in the range 
specified in this method. The addition 
of the ozonometer method requires re- 
arrangement of the sections dealing with 
the test. 

Section 28.—Transpose the entire sec- 
tion on “Special Solutions Required” to 
new Section 31 as Item (/) in Para- 

graph (a). Renumber sec- 
tions accordingly. 

Section 29 (a) alieeaiiihias as Sec- 
tion 28 (a). 

Section 29 (b).—Renumber as Section 
28 (b) and delete the last four sentences 
commencing “For determining ozone 
concentration, a sampling bottle etc.” 

Section 30.—Renumber as Section 29. 
Change Paragraph (c) to read as follows: 

(c) Specimens shall be bent without twisting 
at room temperature, but not less than 20 C., 


around a mandrel. The mandrel diameter shall 
be as follows: 


Cable Outside Diameter Mandrel Diameter 


Less than 54 4 X Cable O.D. 
¥% in. but less than 34 in... 5 X Cable O.D. 
3% in. but less thani4 in... 6X Cable O.D. 
144 in. but less than 134in... 8 X Cable O.D. 
134 in. and above......... 10 X Cable O.D. 


Section 31.—Renumber as Section 30 
and correct reference in parentheses to 
Section 32 accordingly. 

Sections 32 and 33.—Replace these 
sections with the following, renumbering 
as Section 31: 


d 


b 
| 
| 
i 
q 
T 
2 
cc 
1 
p! 
at 


31. Determination of Ozone Concentration.— 
The ozone concentration shall be determined 
by one of the following approved methods: 
(a) Chemical Analysis: 
(1) Special Solutions Required.—(Insert text 
of present Section 28 (a), (6), (c), (d), 
and (e)). 

(2) Collection of Sample.—(Insert text of 
present Section 32 (a)). 

(3) Analysis of Sample.—(Insert text of 
present Section 32 (8)). 
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_ ment should be made by comparison with results 


Ozone from Chamber 


353 
amount of 2537A radiation that is available for 
activating the photoelectric cell is dependent 
on the concentration of ozone in the measuring 
chamber. The current generated in the photo- 
electric cell is amplified sufficiently to be read 
directly on a sensitive milliameter. Figure 4 
(the accompanying Fig. 1) shows a suggested 
schematic arrangement of this apparatus. The 
microammeter can be marked to read directly 
in per cent ozone, The calibration of this instru- 


> 


51000 n 


w-30 Units 


desired. 


(4) Calculations.—(Insert text of present 
Section 33 (a) and (6)). 

(b) Direct Measurement with an Ozonometer.— 
This method is based on the absorption of 
2537A radiation by ozone. The equipment is 
composed of a source of 2537A radiation and a 
photoelectric cell located on the opposite sides 
of a measuring cell through which the ozone 
atmosphere to be measured is passed. The 


Nore.—Resistor values in microammeter shunt will vary with the meter used and with the concentration scale 


Fic. 1.—Electronic Ozonometer. 


obtained with the chemical method (Para- 
graph (a)). The advantage in using this method 
is that after a calibration is obtained the ozone 
concentration is continuously readable on the 
microammeter without drawing a sample from 
the test chamber and thus upsetting equilibrium. 


Tentative Methods of Testing Hard 
Rubber Products (D 530 - 48 T).2—This 


| 

PE. Cell = 

Seth | q 

2 2 Burgess 4F Unit 
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revision changes the tensile strength and 


_ elongation determination of hard rubber 


by specifying the rate of load application 
during test rather than the rate of jaw 
separation of the testing machine. 
Round-robin test programs which have 
been carried out by Subcommittee 
XXIII on Hard Rubber have shown 
that this change will somewhat improve 
the reproducibility of the tensile strength 
and elongation tests. 

Section 7 (a).—Delete the third re- 
quirement, reading “The rate of travel 
of the power-actuated grip shall be 0.4 
in. per min. and shall be uniform at all 
times” and replace with “The rate of 
travel by the power-actuated grip shall 
be such that the average rate of load 
application shall be not more than 3.1 
nor less than 2.9 Ib. per sec. when meas- 
ured with a non-extensible steel bar 
locked in the grips.” 

Tentative Specifications for Insulated 


Wire and Cable: Polyvinyl Insulating 


Compound (D 734-43 T).2—This revi- 
sion constitutes a minor change to con- 
form to Specifications B 8. 

Section 6, Permissible Variations in 
Diameter and Area.—Change the value 
of “1 per cent under” to “1 per cent un- 


_ der for solid conductors and 2 per cent 


under for stranded conductors” in the 
permissible variations specified in this 


section. 


Tentative Specifications for Insulated 
Wire and Cable: Heat-Resisting Synthetic 
Rubber Compound (D 754 —- 46 a T)* and 
Tentative Specifications for Insulated 
Wire and Cable: Performance Synthetic 


Rubber Compound (D 755 46 a T)2— 


These revisions are intended to bring 
these specifications into agreement with 
the basic provisions of Specifica- 


tions D 27. 


Table II, Thickness of Insulation and 
Alternating Test Voltage-——Include the 
first line containing No. 18 to No. 16 
wire in the 0 to 600-v. class and omit the 
0 to 300-v. classification. Delete footnote 
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(6) and the reference to it in Table II. 
Add the following as Norte 5 at the top 
of Table II: “Nore 5.—Above 5000 v. 
a.c., ozone resistant insulation is recom- 
mended as prescribed in the Tentative 
Specifications for Insulated Wire and 
Cable: Ozone-Resistant Type Insulation 
(A.S.T.M. Designation: D 574). 

Tentative Method of Heat Aging of 
Vulcanized Natural or Synthetic Rubber 
by Test Tube Method (D 865 - 48 T)2— 
This revision consists of the addition of 
one sentence in Section 4 (e). 

Section 4 (e).—Add the following sen- 
tence: “‘A check of the actual tempera- 
ture within the test tube should be made 
by placing a thermometer in the tube 
with the bulb in the location ordinarily 
occupied by the specimens and the stem 
extending through a third hole drilled 
in the cork stopper. 


REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption the following revisions 
in five standards and accordingly re- 
quests the necessary nine-tenths affirma- 
tive vote at the Annual Meeting in order 
that these recommendations may be 
referred to letter ballot of the Society: 

Specifications for Insulated Wire and 
Cable: Performance Rubber Compound 
(D 353 — 48)? and Specifications for In- 
sulated Wire and Cable: Heat-Resisting 
Rubber Compound (D 469 - 46).2—This 
revision changes the rated circuit voltage 
classification of No. 18 to No. 16 con- 
ductors to bring these specifications into 
conformity with current practice. 

Table II, Thickness of Insulation and 
Alternating Test Voltage.—Include the 
first line containing No. 18 to No. 16 
wire in the 0 to 600-v. class and omit the 
0 to 300-v. classification. Delete footnote 
a pertaining to sizes No. 16 and No. 18 
and the reference to it in Table II. 

Standard Method of Air Pressure Heat 
Test of Vulcanized Rubber (D 454 - 48).? 
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—This revision clarifies the provisions 
of the method relating to heating media 
and methods for measuring temperature. 

Section 4 (b).—Change to read as 
follows: 


(b) The operating temperature shall be 
126.7 + 1 C. (260 + 1.8 F.) determined as 
described in Section 4 (e). The temperature 
shall be automatically controlled by means of 
thermostatic regulation. 


Section 4 (c).—Change ‘to read as 
follows: 


(c) The source of heat is optional, but if 
located inside the aging chamber, shielding 
shall be provided so that direct radiation cannot 
reach the specimens. The temperature of the 
shield surfaces shall be within 1 C. of the air 
temperature. 


Section 4 (d).—Reletter present para- 
graph as (f) and add the following as new 
Paragraph (d): 


(d) The heating medium is optional. Steam, 
air, or liquid media may be used. If air is used, 
the heated air shall be thoroughly circulated 
by means of mechanical agitation, and baffles 
shall be used as required to prevent local over- 
heating and dead spots. Oils or other combustible 
organic fluids may be hazardous at the elevated 
temperature required, but if their use is necessary 
they must have a flash point not lower than 200 
C. For any one type of heat transfer medium, 
complete immersion of the pressure vessel in 
the heating medium is recommended for referee 
purposes in order to assure uniformity of tem- 
perature inside the vessel. 


Section 4 (e).—Reletter the present 
paragraph as (g) and add the following 
as Paragraph (e): 


(e) The temperature shall be automatically 
recorded throughout the test period. If the pres- 
sure chamber is completely immersed, the 
temperature may be taken as that of the heating 
medium. The sensitive element of the tempera- 
ture-measuring device shall be close to the pres- 
sure chamber, but not touching it. If the pres- 
sure chamber is not completely immersed, the 
sensitive element shall be placed in a thermom- 
eter well extending into the pressure chamber. 
The thermometer well should be filled with oil 
or mercury to a depth sufficient to cover the 
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sensitive element, in order to facilitate heat 
transfer. In any case, it is desirable to verify 
the recorded temperature, and the uniformity 
of temperature distribution at different points 
within the pressure chamber, by checking with a 
temperature-indicating device having its sensi- 
tive element directly exposed to the air within 
the pressure chamber. 


Section 4 (f).—Reletter as Paragraph 
(h). 

Section 4 (g).—Reletter as Paragraph 
(t) and revise by the deletion of the 
word in brackets: 


(i) No copper or brass parts shall be exposed 
to the atmosphere [used] in the pressure cham- 
ber. 


Section 4 (h).—Reletter as Paragraph 
(j) and revise by the addition of ital- 
icized words and deletion of those in 
brackets: 


(j) The pressure chamber shall be equipped 
with a reliable safety valve or rupture diaphragm 
set for release at a pressure of not more than 
[200] 500 psi. 


Note.—Add the following to the note 
at the end of Section 4: 


If the same equipment is used for the air 
pressure heat test and the oxygen-pressure 
test (Method D 572), combustible heating 
media should not be used. 


Standard Method of Test for Acceler- 
ated Aging of Vulcanized Rubber by the 
Oxygen-Pressure Method (D 572 48).2— 
This revision clarifies the provision re- 
lating to heating media and methods 
for measuring temperature. 

Section 4.—Delete the second sentence 
of the first paragraph, together with the 
figures to which it refers, and substitute 
the following: “Because of the superior 
témperature control and heat transfer, 
metal vessels completely immersed in a 
liquid medium are recommended for 
purposes of referee tests.” 

Section 4 (c).—Change to read as fol- 
lows: 


(c) The heating medium is optional. Water, 
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air, or other fluids known to be safe in the pres- 
ence of oxygen may be used. Water has an 
advantage because of its rapid heat transfer and 
noncombustible nature. If air is used, the heated 
air shal] be thoroughly circulated by means of 
mechanical agitation, and baffles shall be used 
as required to prevent local overheating and 
dead spots. Oils or other combustible fluids are 
extremely hazardous in the presence of oxygen, 
and should not be used as heating media for 
this test. 


Section 4 (d).—Delete the second sen- 
tence. 

Section 4 (e).—Change to read as fol- 
lows: 


(e) The temperature shall be automatically 
recorded throughout the test period. If the 
pressure chamber is completely immersed, the 
temperature may be taken as that of the heating 
medium. The sensitive element of the tempera- 
ture-measuring device shall be close to the 
pressure chamber but not touching it. If the 
pressure chamber is not completely immersed in 
the heating medium, the sensitive element may 
be placed in a thermometer well extending into 
the pressure chamber. The thermometer well 
should be filled with water, oil, or mercury to a 
depth sufficient to cover the element, in order 
to facilitate heat transfer. If it is confirmed by 
actual check that the temperature of the oxygen 
within the chamber is the same as that of the 
heating medium, the temperature may be taken 
in the heating medium instead of in the thermom- 
eter well. If air is used as the heating medium, 
a check of the oven temperature shall be made 
by means of temperature-indicating devices 
placed in various parts of the oven to verify 
the uniformity of heating. In any case, it is de- 
sirable to verify the recorded temperature by 
checking with a temperature-indicating device 
having its sensitive element directly exposed 
to the oxygen within the pressure-chamber. 


Section 4 (g)—Change to read as fol- 
lows by the addition of the italicized 
words: “‘(g) The pressure chamber shall 
be equipped with a reliable safety valve 
or rupture diaphragm set for release at 
500 psi. pressure.” 

Section 4 (h).—Add new Paragraph 
(hk) to read as follows: “(4) No copper or 
brass parts shall be exposed to the at- 
mosphere in the pressure chamber.” 

Note 2.—Add the following to the 
note at the end of Section 4: 
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If the same equipment is used for the oxygen- 
pressure test and the air pressure heat test 
(Method D 454), care must be exercised to see 
that the themostatic controls are properly set, 
since the specimens may react very rapidly with 
oxygen at the temperature of the air-pressure 
heat test. Fluids which are acceptable as heating 
media for one test may be hazardous when used 
for the other test. 


Section 8 (b).—Change to read as fol- 
lows, by the addition of the italicized 
words and the omission of those in 
brackets: “The operating temperature 
shall be 70 + 1 C. determined [by 
measuring the temperature of the heat- 
ing medium which shall be considered 
the same as that of the pressure cham- 
ber] as described in Section 4 (e).” 

Standard Method of Testing Com- 
pressed Asbestos Sheet Packing (D 733 - 
49)2*—It is proposed to revise this 
method by deletion of Section 11. 
After careful study, Subcommittee VI 
on Packings has found that this test, in 
which bone dry samples are employed 
and no aging medium is given, is not 
used. In its place, consumers have used 
methods involving preconditioning under 
varying degrees of relative humidity 
and aging in air ovens for varying times 
and temperatures. The committee has 
found that under procedures for precon- 
ditioning specimens at high humidity 
and aging at low temperature all sheets 
corrode all metals and with precondi- 
tioning at moderate humidities and 
aging at elevated temperatures, no 
corrosion occurs on any sheet on any 
metal. The committee believes that 
under service conditions, no corrosion 
occurs and knows of no combination of 
preconditioning and aging procedures 
which will differentiate sheets in their 
action on metals. The committee fur- 
ther recommends that the note in Section 
10 (d) reading ““Nore.—Thickness change 
is preferred to volume change as an 
index to the effect of liquid media as 
no accurate method is known for de- 
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termining the latter.” and published as 
a tentative revision of D 733, be incor- 
porated into the standard. 


ADOPTION OF TENTATIVE REVISION AS 
STANDARD 


Standard Method of Testing Compressed 
Asbestos Sheet Packing (D 733 -49)— 
The committee recommends that the 
present tentative revision of Section 10 
(d) be adopted as standard and incorpo- 
rated in this method. 


_ REVISION OF STANDARDS AND 
_ REVERSION TO TENTATIVE 


Suman’ Methods of Sample Prepara- 
tion for Physical Testing of Rubber 
Products (D 15 - 41),? Standard Methods 
of Testing Flat Rubber Belting (D 378 - 
41).2—Extensive revisions of these stand- 
ard methods are in progress, and it is 
expected that they will be presented to 
the Society through the Administrative 
Committee on Standards prior to the 
next Annual Meeting. To facilitate this 
work, the committee requests that these 
standards be reverted to tentative sta- 
tus. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that all 
tentatives under its jurisdiction other 
than those referred to in this report be 
continued as tentative. Work is under 
way in the committee on most of these, 
and the results will be presented to the 
Society as it is completed. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 

, which will be reported at the Annual 
Meeting. 
4 The letter ballot vote on these recommendations was 


favorable: the results of the vote are on record at ASTM 
- Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Organization of a new subcommittee 
to carry on standardization work on 
crude natural rubber has progressed 
through the preliminary stages, follow- 
ing its authorization at the last Annual 
Meeting of the committee, and this new 
Subcommittee XII, under the chairman- 
ship of N. Bekkedahl, held its first meet- 
ing April 19, 1950, at Detroit, Mich. 
Eighteen prominent rubber technolo- 
gists, representing a wide cross-section 
of the industry, were in attendance and 
enthusiastic plans were developed cover- 
ing work to be undertaken. Prior to the 
recent World War, a similar crude rub- 
ber committee functioned in the Rubber 
Division of the American Chemical 
Society and accomplished much good 
work in the development and the stand- 
ardization of test formulations and qual- 
ity standards for this basic raw material. 
During the war this committee became 
inactive. Last year several rubber con- 
sumers requested Committee D-11 to 
undertake work in this field. When it 
was found that the rubber division 
committee would not be reactivated, 
it was decided to organize the new sub- 
committee. Subcommittee XII has for 
its present objective the improvement 
and development of methods of physical 
and chemical testing of crude natural 
rubber, possibly including investigation 
of sampling procedures. This work is 
badly needed since crude natural rubber 
has again become available and because 
of wide variations being encountered in 
curing rate and processing characteris- 
tics, as well as presence of substantial 
quantities of foreign material, all of 
which contrasts strongly with the uni- 
formity which has now been secured in 
the manufacture of synthetic materials. 

Organization of the new Subcommit- 
tee, which has been authorized, on the 
Application of Statistical Quality Con- 
trol Methods to Rubber Products is still 
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nae dla, pending the securing of a chair- 


man and the appointment of suitable 
— The committee has also 
authorized an editorial subcommittee, 
Which is in process of organization. 

€. P. Morgan has been appointed 


chairman of Subcommittee XXIII on 


Hard Rubber, replacing H. J. Flikkie 
_ who has resigned because of a change in 


his activities. The title of Subcommittee 


XXI has been changed from “Tests of 
Liquid Rubber Products” to “Tests of 
Rubber Cements and Related Mate- 
rials.” Originally, it was contemplated 
that work on rubber latices would be 
under the jurisdiction of this subcom- 
mittee, but with the formation of Sub- 
committee VII, it is believed the new 
title more accurately describes the field of 


activity of Subcommittee XXI. 


The activities of the various subcom- 
mittees are so numerous that detailed 
consideration is beyond the scope of this 
report. It is expected, however, that 
Subcommittee IV will complete a new 
specification for electrical gloves in the 
near future. Subcommittee VI expects 
- soon to recommend a method for meas- 
uring the compressibility and recovery 
of packings. Subcommittee X is pro- 
gressing rapidly on the revision of 
Methods D 15, Standard Methods for 
_ Sample Preparation for Physical Test- 

ng of Rubber Products. A mid Test 


Method for Accelerated Ozone Cracking _ 
of Vulcanized Rubber is under consid- 
eration in draft form in Subcommittee 
XV. Several of the subcommittees have 
extensive cooperative test programs under 
way, of which perhaps the most exten- 
sive is that of Subcommittee XV on the 
correlation of oven and shelf aging, in 
which results have already been obtained 
covering a period of two years. Subgom- 
mittee X XI is expected soon to complete 
proposed Tentative Methods of Test for 
Rubber Brake Bonding Materials. This 
brief summary merely exemplifies the 
many projects which are under way in the 
various subcommittees, demonstrating 
the fact that Committee D-11 is fully 
aware of its responsibility in the field of 
rubber_standardization. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 198 members; 131 members 
returned their ballots, of whom 113 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the*committee, 
Smon COLLIER, 
Chairman. 
ig 


ARTHUR W. CARPENTER, 
Secretary. 
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ON 


SOAPS AND OTHER DETERGENTS! 


Committee D-12 on Soaps and Other 


Detergents held one meeting during the 
year, on March 21 and 22 in New York, 
N.Y. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: ~@ 

Chairman, Jay C. Harriss | 
Vice Chairman, Frederick Krassner. 
Secretary, Harold R. Suter 

Advisory Committee: J. C. Harris, 

Frederick Krassner, H. R. Suter, J. A. 

Woodhead, W. G. Morse, G. P. Ful- 

ton, W. H. Koch, V. C. Mehlenbacher, 

R. E. Hauber. 


PROPOSED METHODS TO BE PUBLISHED 
AS INFORMATION 


Committee D-12 recommends that the 
following proposed methods of test be 
published as information, as appended 
hereto: 

Proposed Method of Test for pH of Aqueous 

Solutions of Soaps and Detergents, 


Proposed Method of Test for Foaming Proper- 
ties of Surface-Active Agents. 


New TENTATIVES 


The committee recommends that the 
following specifications be accepted for 
publications as tentative, as appended 
hereto? 


Tentative Specifications for: 

Solid Soap for Low-Temperature Washing (Low 
and Medium Titer), and 

Chip or Granular Soap for Low-Temperature 
Washing (Low and Medium Titer). 
1 Presented at the Fifty-third Annual Meeting of the 


June 26-30, 1950. 
2 The new se specifications were accepted by the 


Society and a 


r in ~ 1950 Supplement to Book of 
, Part 5 


ADOPTION OF TENTATIVE AS 
STANDARD 


Tentative Specifications for Borax (D 
929-47 T)*—The committee recom- 
mends that these specifications be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard. 


EDITORIAL CHANGE IN STANDARD 

Standard Specifications for Alkaline 
Soap Powder (D 534-42)—The com- 
mittee recommends that this standard 
be editorially revised by eliminating the 
waiver-purchase clause to conform with 
all the other soap specifications. 


TENTATIVE CONTINUED WitHouT 
REVISION 


The committee recommends that the 
Tentative Specifications for Sodium Bi- 
carbonate (D 928 — 47 T) be retained as 
tentative without revision. 


‘ REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption the following revision 
in the Standard Definition of Terms Re- 
lating to Soaps and Other Detergents 
(D 459-48) and»accordingly asks for 
a nine-tenths affirmative vote at the 
Annual Meeting in order that these 
recommendations may be referred to 
letter ballot of the Society: 

Change the definition for “Alkaline 
Detergent” to read as follows: 


Alkaline Detergent—A water-soluble inor- 
* 1949 Book, of A.S.T.M. Standards, Part 5, 
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_ ganic alkali or alkaline salt having detergent 
_ properties but containing no soap or synthetic 


detergent. 


The recommendations appearing in 
this report have been submitted to letter 


a ballot of the Committee, the results of 
_ which will be reported at the Annual 


ACTIVITIES OF SUBCOMMITTEES 
Subcommittee T-1 on Soap Analysis 
(E. W. Blank)—This subcommittee, 
which functions as a joint committee 
with the American Oil Chemists’ Society, 


‘reports that cooperative tests in the 


_ determination of borax in soaps and in 


combination with synthetic detergent 


are to be undertaken. A further coopera- 
_ tive effort will involve the study of the 


water-soluble determination in soap. 
Subcommittee T-4 on Analysis of Alka- 


_ line Detergents (W. A. Koch, chairman). 


—This subcommittee expects to com- 
plete a method for analysis of sodium 
bicarbonate within the coming year. 
Other new methods for analysis will de- 


- pend upon the needs developed through 
investigations of Subcommittee S-4. 


Subcommittee T-5 on Physical Testing 


(J. A. Woodhead, chairman)—The sub- 


committee recommends that the follow- 
ing be published as information only, as 
mentioned earlier in this report: Pro- 
posed Method for the Determination of 


_ pH of Aqueous Solutions of Soaps and 
- Detergents, and the Proposed Method 


of Test for Foaming Properties of Sur- 


face Active Agents. These methods were 
prepared by H. R. Suter and C. A. 


_ data on wetting test methods and work 


is underway on the preparation of 
methods for testing surface and inter- 


facial tension. 


The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at 
Headquarters. 


Subcommitiee T-6 on Metal Cleaning 
(J. C. Harris, Chairman)—This group 
expects to complete during the coming 
year methods for Immersion Corrosion 
Test for Soak Tank Metal Cleaners, 
Rinsing Characteristics, Buffering Ca- 
pacity, and Emulsification. 

Subcommittee S-1 on Specifications for 
Soaps (Fred Krassner, chairman)— 
The subcommittee recommended the 
publication as tentative of specifications 
for Solid Soap (Low and Medium Titer) 
and Chip or Granular Soap (Low or 
Medium Titer), as mentioned earlier in 
this report, and the editorial change in 
specifications D 534, Soap Powder, as 
mentioned earlier in the report. 

Subcommitiee S-3 and T-3 on Dry 
Cleaning (G. P. Fulton, chairman) has 
carried out flash-point determinations 
for 28 commercial dry cleaning soaps 
and detergents using the Pensky-Mar- 
tens Tester and the Tag Closed Tester. 
A cooperative test for determination of 
reproducibility between laboratories is 
to be completed this year. A comparison 
of the xylol distillation and the Karl 
Fischer methods of water determina- 
tions indicated the superiority of the 
latter, and a method based upon it is 
to be tried out. 

Subcommittee G-1, Advisory Committee. 
—A new subcommittee, G-5 on Program 
Planning, was established. The func- 
tion of the new group is to provide com- 
petent speakers for the subcommittee 
meetings, as required, and for the gen- 
eral session. 

The subcommittee has approved a 
change in the names of Subcommittees 
S-4 and T-4 from “Special Detergents” 
to “Alkaline Detergents.” 

The need for greater representation 
from consumer and general interest 
groups has been emphasized. 

Subcommittee G-2 on Nomenclature and 
Definitions (W. G. Morse, chairman).— 
A change was recommended in the defi- 


Ss 
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Cohen, respectively. A Task Group has 
been appointed to present comparative 


nition of an alkaline detergent. Several 
other definitions are required as a re- 
sult of requests from the various sub- 


committees, and these are under discus- 
sion. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 104 members; 81 members 


On Soaps AND OTHER DETERGENTS 


returned their ballots, of whom 73 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


J. C. Harris, 
Secretary. 


Chairman, 


PROPOSED METHOD OF TEST FOR pH OF AQUEOUS SOLUT IONS OF 
SOAPS AND DETERGENTS! 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadeiphia 3, Pa. 


1. This method covers procedures for 

the preparation of aqueous solutions of 
soaps and detergents and for the de- 
- termination of their pH. 


Sampling 
2. The material shall be sampled in 


accordance with the Standard Methods 


- of Sampling and Chemical Analysis of 
Soaps and Soap Products (A.S.T.M. 
Designation: D 460),* or the Standard 
Methods of Sampling and Chemical 
Analysis of Alkaline Detergents (A.S. 
T.M. Designation: D 501),* whichever 
is applicable. 


Reagent 


3. Distilled Water—Distilled water 
shall be boiled thoroughly, or purged 


with CO,-free air, to remove CO; and 
shall be protected with soda-lime or 


soda-asbestos (Ascarite) while cooling 
and in storage. The pH of this water 
shall be between 6.2 and 7.2 at 25C. 


1 Ring proposed method is under the jurisdiction of the 
A.S.T.M. Committee D-12 on Soaps and Other Detergents. 


2 Published as information, June, 1950 
21949 Book of A.S.T.M. Standards, Part 5. 


The residue on evaporation, when heated 
at 105 CC. for 1 hr., shall not be more 
than 0.5 mg. per 1. 


Procedure 


4. (a) Preparation of Solutions.— 
Weigh 1 + 0.001 g. of the soap or 
detergent and transfer to a 1-liter 
volumetric flask. Partially fill the flask 
with distilled water and agitate until 
the sample is completely dissolved. 
Adjust the temperature of the solution 
and the distilled water to 25 + 0.5C. 
and fill to the calibration mark with 
distilled water. Stopper the flask, mix 
thoroughly, and allow the solution to 
stand at a temperature of 25 C. for 2 hr. 
prior to measuring the pH. 

(b) Determination of pH.—Measure 
the pH of the solution as directed in 
the Tentative Method for Determina- 
tion of the pH of Aqueous Solutions 
with the Glass Electrode (A.S.T.M. 
Designation: E 70). Use the “low so- 
dium-error” glass electrodes for solutions 
having pH values higher than 9, Use 
type I or type II meters. 


pis. 


= 


a 


4 


| de 
Si 
tc 
> 
t 
Sé 
S] 
A 
b 
ic 
fc 
4 
ao 
: 
st 
st 
si 
8 
u 
1 
le 


PROPOSED METHOD OF TEST FOR FOAMING PROPERTIES OF 
SURFACE-ACTIVE AGENTS! 


This is a proposed method and is published as information only. 


Scope 


1. This method of test is intended for 
determining the foaming properties of 
surface-active agents, as defined in the 
Standard Definitions of Terms Relating 
to Soaps and Other Detergents (A:S. 
T.M. Designation: D 459). The method 
is applicable under limited and con- 
trolled conditions, but does not neces- 
sarily yield information correlating with 
specific end uses. 


Apparatus 


2. (a) Pipet—The pipet (Fig. 1) shall 
be constructed from standard-wall, chem- 
ically resistant glass tubing having the 
following dimensions: for the bulb, 
45 + 1.5 mm. outside diameter; for the 
lower stem, 7 + 0.5 mm. outside diam- 
eter. The upper stem shall be con- 
structed to contain a_ solid-stopper, 
straight bore, No. 2, standard-taper 
stopcock having a 2-mm. bore and stems 
8 mm, in outside diameter. Both the 
upper and lower seals of the bulb to the 
stems shall be hemispherical in shape. 
The lower stem shall be 60 + 2 mm. in 
length from the point of attachment to 
the bulb and shall contain an orifice 
sealed into the lower end. The orifice 
shall be constructed from precision bore 
tubing having an inside diameter of 
2.9 + 0.02 mm. and a length of 10+ .05 


1 This gocpeed method is under the jurisdiction of 


the A.S.T.M. Committee D-12 on Soaps and Other Deter- 
gents. Published as information, June, 1950. 

21949 Book of A.S.T.M. Standards, Part 5. 


=“ 
Comments are solicited and should be addressed to the American a i 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


mm., with both ends ground square. The 
orifice shall have an outside diameter so 
as to fit snugly into the lower stem and 
form a secure seal to the stem when 
heated with a sharp pointed flame in the 
blow torch. The pipet shall be calibrated 
to contain 200 + 0.2 ml. at 20C. The 
calibration mark shall be on the upper 
stem at least 15 mm. below the barrel 
of the stopcock and shall completely 
encircle the stem. 

(b) Receiver—The receiver (Fig. 2) 
shall be constructed from standard-wall, 
chemically resistant glass tubing having 
an internal diameter of 50 + 0.8 mm., 
with one end constricted and sealed to a 
straight-bore, solid-plug, standard-taper 
No. 6 stopcock having a 6-mm. bore and 
12-mm. stems. The receiver shall have 
three calibration marks which shall com- 
pletely encircle the tube. The first mark 
shall be at the 50-ml. point, shall be 
measured with the stopcock closed, and 
shall not be on any curved portion of the 
constriction. The second”mark shall be 
at the 250-ml. point, and the third mark 
at a distance of 90 + 0.5mm. above the 
50-ml. mark. The receiver tube shall be 
mounted in a _ standard-wall tubular 
water jacket, having an external di- 
ameter of not less than 70 mm., fitted 
with inlet and outlet connections. The 
jacket may be attached to the receiver 
with rubber stoppers or may be sealed 
at the top and bottom. The seal at the 
bottom shall be as close to the barrel of 


APPENDIX II 
4 
al 
1 = 
| 
4 
Ped 
= 
‘aq 


7 _ ment of 120 F, from each other. A clamp 
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the stopcock as practicable. The as- 
sembled receiver and jacket shall be 
mounted securely in a plumb position 
and the jacket connected to a source of 
water thermostatically maintained at 
120 + 1 F. for circulating through the 
jacket. At the top of the receiver there 


200 


Fic. 1.—Foam Pipet. 


shall be a platform, flush with the top of 
the assembly, having a metal plate in 
which is drilled three indexing holes 
circumferentially placed around the re- 
ceiver and having an angular displace- 


ag, 2-—Foam Receiver. 


upper part of the pipet, shall fit into 
the holes. The clamp shall have three 
leveling screws and lock nuts and when 
properly mounted shall exactly center 
the pipet in the receiver and bring the 
lower tip of the pipet level with the up- 
per calibration mark on the receiver. A 
meter stick shall be fastened to the side 


250 mi. 


or behind the receiver with the zero point 
level with the 250-ml. calibration point 
on the receiver. 


Test Solution 


3. Distilled water, or water of various 
degrees of hardness, may be used for this 
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TEST FOR FOAMING PROPERTIES OF SURFACE-ACTIVE AGENTS 


paring the solution and add slowly, while 
stirring vigorously, an amount of the 
surface-active agent that will produce 
the desired concentration. Continue stir- 
ring in such a manner as to avoid ex- 
cessive foam formation, until solution of 
the surface-active agent is complete. 
Age the solution at a temperature of 
120 F. for a total period of 30 min., 
counting the time when the surface- 
active agent is first added to the water. 


Procedure 


4, While the surface-active solution 
is aging, circulate water at 120F. 
through the water jacket of the receiver 
so as to bring it to the proper tempera- 
ture. Rinse down the walls of the re- 
ceiver with distilled water and, as an 
indication of cleanliness, observe whether 
the water drains down the walls in an 
unbroken film. At the completion of the 
aging period close the stopcock at the 
bottom of the receiver. Rinse the walls of 
the receiver with 50 ml. of the solution, 
using a pipet, and, after draining to the 
bottom of the receiver, adjust the stop- 
cock so that the level of the solution in 
the receiver is exactly at the 50-ml. mark. 
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Fill the pipet with the solution to the 
200-ml. mark, using a slight suction for 
the purpose. Immediately place it in posi- 
tion at the top of the receiver and open 
the stopcock. When all of the solution 
has run out of the pipet, start a stop 
watch, take a reading of the foam height 
and take a second reading at the end of 
5 min. Take the reading by measuring 
the foam production at the top of the 
foam column at the highest average 
height to which the rim of the foam has 
reached. This height is proportional to 


Report 


5. In reporting results by this test, 
state the concentration in grams per 
liter, the temperature of the test, the 
degree of hardness of the water, and the 
initial foam height reading. It is desirable 
to conduct this test at a number of con- 
centrations, the lowest of which shall be 
chosen to show a foam height which shall 
be no higher than 20 per cent of the 
foam height shown at the highest con- 
centration. 
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Committee D-13 on Textile Materials 
held two 3-day meetings during the year. 
The fall meeting was in Philadelphia, 
Pa. on October 19 to 21, 1949, and there 
was a registered attendance of 195 mem- 
bers and guests; the spring meeting was 
in New York, N. Y. on March 15 to 17, 
1950, with a total attendance of 213. 
Fifteen subcommittees and sections held 
sessions at both the fall and spring meet- 
ings. Two other subcommittees found it 
more convenient to meet at other times 
and places. Administrative guidance of 
the committee required two meetings of 
the Advisory Committee and one of the 
Officers Committee. 

The papers session at the fall meeting 
was devoted to the subject of modern 
techniques in microscopy and _ their 
application in textile research. The fol- 
lowing papers of an informative charac- 
ter were presented: “A New Technique 
for Cutting Very Thin Sections and Its 
Application to the Electron Microscopy 
of Fibers,” by S. B. Newman, National 
Bureau of Standards; ‘“Modern Micros- 
copy of Films and Fibers,” by F. F. 
Morehead, American Viscose Corp.; and 
“Some Applications of Modern Micros- 
copy to the Study of Chemical Phe- 
nomena and in the Dyeing and Printing 
of Textiles,” by G. L. Royer, American 
Cyanamid Co. The first two papers 
were published in the January, 1950, 
issue of the ASTM Bu Ltetin and the 
third appeared in the April, 1950, issue. 
The general subject selected for the 
spring meeting was “The Dimensional 
Stability and Shrink-Proofing of Tex- 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
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tiles.”” The subdivisions of the topic and 
the authors selected for each were as 
follows: “Cotton Textiles,” by Edward 
C. Pfeffer, Jr., Cluett Peabody and 
Company, Inc.; “Rayon Textiles,” by 
J. A. Woodruff, American Viscose Corp., 
and ‘Woolen Fabrics,” by Werner von 
Bergen and Claude Clutz, Forstmann 
Woolen Co. It is proposed to publish 
these three papers in the July issue of 
the ASTM Bvuttetin.? 

Some important changes have been 
made in the organization of Committee 
D-13 during the year. The two subcom- 
mittees which dealt chiefly with ultimate 
consumer textiles, namely, Subcommit- 
tee A-6 on Household and Garment 
Fabrics and Subcommittee A-12 on 
Hosiery, have been discontinued. In 
their place has been set up a new Sub- 
committee A-7 on Ultimate Consumer 
Textile Products, with A. F. Tesi as 
chairman and E. N. Ditton as secretary. 
These changes now clearly designate 
where work on ultimate consumer tex- 
tiles will be handled in Committee D-13. 
It is contemplated that appropriate 
subdivisions, such as sections or task 
groups, will be organized to handle 
specific projects as the need arises. 
Furthermore, it is planned to inform 
other national associations of the exist- 
ence of this subcommittee as a place 
where test methods for consumer textiles 
may be developed. 

The following changes in subcommittee 
and section chairmanships occurred dur- 
ing the year and have been approved 
by the Advisory Committee: A. F. 


2 Published in the ASTM Buttery, No. 167, July, 
pp. 74 to 87. 
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On TEXTILE MATERIALS 


Tesi, vice Laura E. Pratt, as chairman 
of A-6; F. A. Bartlett, vice J. F. Wooten, 
as chairman of Subcommittee A-8, 
Section II; G. B. Krumholz, vice K. 
N. Mathes, as chairman of Subcom- 
mittee A-8, Section III; E. A. Leonard, 
vice S. L. Peebles, as chairman of Sub- 
committee A-11; W. M. Scott, vice W. 
D. Appel, as chairman of Subcommittee 
B-1. 

Upon the recommendation of the 
Advisory Committee, the Society has 
appointed A. F. Tesi as its representative 
on ASA Sectional Committee L-22 on 
Rayon Finished Fabrics. A. G. Scroggie 
and Frederic Bonnet were appointed as 
first and second alternates, respectively. 
R. H. Brown, a long-time and valued 
member of Committee D-13, is a nom- 
inee for election to the Board of Di- 
rectors of the Society for the ensuing 
term of three years. 

At the fall meeting a_ testimonial 
luncheon was held, under the sponsor- 
ship of Subcommittee A-3 on Wool, to 
honor A. G. Ashcroft and Werner von 
Bergen. Each was presented an appropri- 
ately worded scroll, which recorded the 
long service they had rendered and ex- 
pressed well-earned recognition of the 
character and importance of their con- 
tribution to the standardization pro- 
grams in the carpet and wool industries. 

The spring meeting was made memor- 
able by the ceremony accompanying 
the first award of the Harold DeWitt 
Smith Memorial Medal to Herbert F. 
Schiefer of the National Bureau of 
Standards. He was presented to the 
audience by Richard T. Kropf, who 
spoke of the personal qualifications of 
the medalist, and by William D. Appel, 
who described his scientific work and 
achievements. The gold medal and a 
suitable citation in scroll form, both 
provided through the generosity of 
Fabric Research Laboratories, Inc., were 
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presented by H. J. Ball, chairman of the 
Award Committee. 

To mark the completion of twenty 
years of service as chairman of Com- 
mittee D-13, a testimonial luncheon was 
tendered to the retiring chairman at 
the spring meeting. As master of cere- 
monies, secretary W. H. Whitcomb, 
told of his close relationship with the 
chairman throughout the twenty-year 
period. First Vice-Chairman G. E. Hop- 
kins reviewed the progress which Com- 
mittee D-13 had made during the chair- 
man’s tenure of office, listed the other 
positions in which the chairman had 
served the Society, and closed his remarks 
with the presentation of a beautifully 
designed and worded scroll. Second 
Vice-Chairman Frederic Bonnet fol- 
lowed with the presentation of a gift of 
money, generously contributed by the 
members of the committee. The chair- 
man here takes the opportunity to 
repeat those parts of his response in 
which he expressed his sincere thanks 
to all those who by their efforts and 
contributions made the _ testimonial 
luncheon a happy memory, his belief 
that the success and prestige to which 
Committee D-13 has attained is due in 
large part to the magnificent and whole- 
hearted cooperation of all those who 
have served as officers and members of 
the Advisory Committee, and his pre- 
diction that the coming twenty years 
hold the potential for as great progress 
as the past twenty. 

It is with deep regret and sadness 
that we record the death of C. B. Finckel. 
He was one of the original organizers of 
Committee D-13 in 1914, and had been 
an honorary member since 1947. He 
will be remembered for the many years of 
faithful conscientious service which he 
gave to advance the interests of Com- 
mittee D-13, and for that genial happy 
disposition which made him such a 
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likeable personality at all our gatherings, 
technical and social. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

_ Chairman, W. D. Appel. 

First Vice-Chairman, Frederic Bonnet. 
Second Vice-Chairman, S. J. Hayes. 


- RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee D-13 presented to the 
Society through the Administrative Com- 
mittee on Standards a tentative revision 
of the Standard Method of Test for 
Hard Scoured Wool in Wool in the 
Grease (D 584 47). This recommenda- 
a) tion was accepted by the Standards Com- 
--——s mittee on September 22, 1949, and the 
tentative revision appears in the 1949 
---_ Book of A.S.T.M. Standards, Part 5. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Committee D-13 is presenting for 
publication six new tentatives and is 
recommending the revision of eleven 
tentatives, tentative revisions in three 


= standards, adoption as standard of 
several definitions and one tentative 
specification, immediate revision of two 
standards, the adoption as standard of 


the current tentative revisions of three 

A =f standards, the withdrawal of two tenta- 

tives, and editorial changes in three 

tentatives. 

‘The standards and tentatives affected, 

3° together with the revisions recommended, 

are given in detail in the Appendix. 

<= All other tentatives not specifically 

7 . referred to are being actively studied 
: by the respective sponsoring subcom- 

mittees. 

? The recommendations in this report 
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have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Besides the activities indicated by the 
recommendations appearing in the Ap- 
pendix, the following summary covers 
other matters that are under considera- 
tion. . 

Subcommittee A-1 on Cotton and Its 
Products (B. L. Whittier, chairman): 

Secion I on Cotton (R. L. Lee, Jr., 
chairman) is continuing its study of the 
methods of evaluating fineness. It is also 
planning interlaboratory checks of the 
methods of testing the cotton fiber 
characteristics. 

Section II on Cotton Yarns and Threads 
(W. R. Marsden, chairman) is continuing 
its work on a revision of the Standard 
Methods of Testing and Tolerances for 
Cotton Sewing Thread (D 204-42). 

Subcommittee A-2 on Man-Made Or- 
ganic Base Fibers and Their Products 
(A. M. Tenney, Chairman): 

Section I on Filaments, Monofilaments, 
and Filament Yarns (J. K. Frederick, 
Jr., chairman) is continuing its studies 
of methods of testing spun and continu- 
ous filament man-made organic base 
yarns. 

Subcommittee A-3 on Wool and Its 
Products (Werner von Bergen, chair- 
man): 

Section I on Wool (O. P. Beckwith, 
chairman) is continuing its survey of 
wool testing, determination of moisture 
and fineness. A wool grading stage 
micrometer has been developed. Methods 
for the determination of quantity of wool 
in defective or burry wools and tensile 
strength of wool are being studied. 

Section III on Woolen and Worsted 
Yarns (H. R. Anderson, chairman) is 

* The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
eadquarters. 
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working on revisions of the Specifications 
and Methods of Test for Woolen Yarns 
(D 403-48 T) and for Worsted Yarns 
(D 404-48 T). Specifications for twist 
are being studied. 

Subcommittee A-4 on Asbestos and Its 
Textile Products (F. S. Mapes, chairman) 
is considering the adoption of 50 per 
cent relative humidity as standard for 
testing asbestos textiles. It is endeavoring 
to increase interest in asbestos materials 
in other than the electrical field. 

Subcommittee A-5 on Bast and Leaf 
Fibers and Their Products (S. J. Hayes, 
chairman) is continuing its studies of 
test methods for twine. Cut and loop 
breaking strength are being studied in 
place of knot breaking. 

Subcommittee A-8 on Glass Fiber and 
Its Products (F. A. Mennerich, chair- 
man) is continuing its study of abrasion 
tests on fabrics and is studying test 
methods for colorfastness of glass fabrics 
to washing. 

Subcommitice A-9 on Tire Cord and 
Fabrics (F. C. Kennedy, chairman) is 
continuing its work on revisions and 
consolidation of the Tests and Toler- 
ances for Cotton Tire Cord (D 179 — 46 
T) and for Rayon Tire Cord (D 885 — 46 
T). Astudy is being made of air-actuated 
clamps. 

Subcommitice A-10 on Felt (W. H. 
Lehmberg, chairman) is studying stiff- 
ness testers and various methods of 
measuring thickness of cut parts. 

Subcommittee A-11 on Pile Fabrics 
(S. L. Peebles, chairman) is studying 
the Schiefer abrader and methods of 
test for flame resistance, ravel resistance, 
and light fastness. 

Subcommittee A-14 on Bonded Fabrics 


Sata 


(G. B. Harvey, chairman) is continuing 
its studies of air permeability, water 
absorbency, laundering and dry clean- 
ing, tear resistance, abrasion resistance, 
flexural rigidity, and fire resistance. 

Subcommitice B-1 on Test Methods (W. 
D. Appel, chairman) is developing speci- 
fications for abrasion machines and test 
methods for shrinkage of knit fabrics, 
fraying of fabrics, evenness of yarns, 
elastic fabrics, crease resistance, method 
of analysis of mixtures containing nylon, 
fluidity of cellulose dispersions, mildew 
resistance, and measurement of hand of 
fabrics. 

Subcommitiee B-2 on Nomenclature 
and Definitions (A. G. Scroggie, chair- 
man) is continuing its study of certain 
definitions with a view to bringing about 
better agreement between A.S.T.M. and 
British definitions. 

Subcommittee B-3 on Atmospheric Con- 
ditions and Regain (R. H. Brown, chair- 
man) is continuing its studies on drying 
oven specifications; methods of de- 
termining moisture regain by oven dry- 
ing; regain “hysteresis and methods of 
preconditioning test samples; rate of 
conditioning; instruments for measuring 
regain and relative humidity. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 348 members; 168 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


W. H. Wurrcoms, 
Secrelary, 
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RECOMMENDATIONS AFFECTING STANDARDS FOR 


TEXTILE MATERIALS 


In this Appendix are given proposed 
revisions in certain standards and tenta- 
tives covering textile materials, which 
are referred to earlier in this report. 
These standards and tentatives appear 
in their present form in the 1949 Book of 
A.S.T.M. Standards, Part 5. 


New TENTATIVES 


Committee D-13 recommends the 


_ following six new tentatives for publica- 


tion as tentative, as appended hereto." 


Tentative Method of Test for Vegetable 
Matter in Scoured Wool, prepared by 
Section I of Subcommittee A-3, 


Tentative Method of Test for Magnetic 
Rating of Asbestos Used for Electrical 
Purposes, prepared by Subcommittee 
A-4, as published as information in 
Appendix X of the 1949 Compilation 
of “A.S.T.M. Standards on Textile 
Materials.” 


Tentative Specifications for Mechanical 
Sheet Felt, prepared by Subcommittee 
A-10, 


Tentative Method of Test for Resistance 
of Pile Floor Coverings to Insect 
Pest Damage, prepared by Subcom- 
mittee A-11, 


Tentative Method of Test for Snag 
Resistance of Hosiery, prepared by 
Subcommittee A-13, 


1 The new tentatives were accepted by the Society and 
ap . in the 1950 Supplement to Book of ASTM Stand- 
‘art 5. 
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Tentative Methods of Testing Bonded 


Fabrics, prepared by Subcommittee 
A-14. 


REVISIONS OF TENTATIVES 


Tentative Definitions of Terms Relating 
to Textile Materials (D 123 - 49 T): 


The committee recommends that this 
tentative be revised by the addition of 
definitions’of the following terms: bleach- 
ing; carding; extensibility; deformation; 
deformation, immediate elastic; deforma- 
tion, delayed or creep; creep, primary; 
creep, secondary; yarn, Kraft; hair; and 
noil. These new definitions appear in the 
proposed revision of D 123 appended 
hereto.” 


Tentative Method of Test for Fastness 
of Color Textiles to Light (D 
506 — 45 T): 


Revisions in this method to include an 
improved artificial light test, submitted 
by Subcommittee B-1, are recommen- 
ded as appended hereto.* 


Tentative Methods of Test for Re- 
sistance of Textile Fabrics to Water 
(D 583 - 40 T): 


These improved methods prepared by 
Subcommittee B-1 are recommended as 
appended hereto.* 


2 The revised Definitions were accepted by the Society 
and appear in the 1950 Supplement to Book of ASTM 
Standards, Part 5. 

* The revised methods were accepted by the Society 
and appear in the 1950 Supplement to Book of ASTM 
Standards, Part 5. 
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RECOMMENDATIONS ON STANDARDS FOR TEXTILE MATERIALS 


Tentative Methods of Test for Fineness 
of Wool (D 419 — 47 T), and 

Tentative Specifications and Methods 
of Test for Fineness of Wool Tops 
(D 472 - 47 T): 


Revisions for the improvement and 
simplification of these methods were pre- 
pared by Section I of Subcommittee A-3 
and are recommended as appended 
hereto.* 


Tentative Method of Test for Determina- 
tion of Small Amounts of Copper, 
Manganese and Nickel in Textiles 
(D 377 -47T): 


Revisions in the methods for copper 
and manganese and withdrawal of the 
method for determining nickel were pre- 
pared by Subcommittee B-1 and are 
recommended as appended hereto.’ 


Tentative Specifications and Methods of 
Test for Asbestos Yarns (D 299- 
49 T): 

The following revisions, to provide an 
optional sampling basis in case of retests, 
prepared by Subcommittee A-4, are 
recommended by Committee D-13: 

Section 9,—In the fifth line of Para- 
graph (a) place a comma after the word 
“random” and insert the following 
words: “preferably from more than two 
cases.” 

Add the following as a new Para- 


graph (c): 


(c) Optional with the purchaser, if the values 
as determined in accordance with Paragraph 
(b) fail to fall within the specified limits the lot 
shall be subdivided into units of approximately 
200 lb. These shall be sampled and tested for 
conformance in accordance with Paragraphs 
(a) and (6). 


Tentative Specifications and Methods of 
Test for Asbestos Lap (D 1061 - 49 T): 
The following revision in the sampling 

procedure prepared by Subcommittee 

A-4, is recommended by Committee 

D-13: 


— 


a as Footnote 4 the following and 


= io ® 
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Section 7.—Change to read as follows: 


7. Sampling.—(a) Each shipment shall be 
divided into lots of from 800 to 1000 lb. From 
each lot or fraction thereof, five sample cones 
shall be taken at random and the tests prescribed 
shall be made on specimens removed from each 
package selected. 

(6) If tests from any lot fail to fall within 
the specified limits, two additional sets of five 
sample cones shall be taken from other parts of 
the lot and tested as before. Acceptance shall 
be on the basis of these two sets of five sample 
cones being within the required limits. 

(c) Optional with the purchaser, if the values 
determined in accordance with Paragraph (b) 
fail to fall within the specified limits, the lot 
shall be subdivided into units of approximately 
200 Ib. These shall be sampled and tested for 
conformance in accordance with Paragraphs 
(a) and (6). 


Tentative Methods of Testing and 
Tolerances for Continuous Filament 
Rayon and Estron Yarns (D 258 - 
48 T): 


The following revisions to include the 
definitions of “Acetate” and “Acetate, 
Modified”, prepared by Subcommittee 
A-2, are recommended by Committee 
D-13: 

Section 2—In Paragraph (a) number 
the present note as Note 1 and add as 
Note 2 the following: 


Note 2.—Regenerated cellulose fibers made 
by the complete saponification of cellulose esters 
are rayons. 


Add as new Paragraphs (d) and (e) the 
following jefinitions of “Acetate” and 
“Acetate, Modified,” relettering the sub- 
sequent paragraphs accordingly: 


(d) Acetate, a and n.—A specific term used 
for man-made fibers, monofilaments and con- 
tinuous filament yarns composed of acetylated 
cellulose, with or without lesser amounts of 
nonfiber-forming material. 

(e) Acetate, Modified a and n.—Acetate prod- 
ucts composed principally of cellulose acetate 
and containing amounts of other fiber-forming 
material. 
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include reference to the footnote in the 
heading “definitions” preceding Sec- 
tion 2: 


* The Federal Trade Commission’s Fair Trade 
Practice Rules for the Rayon industry, issued 
October 26, 1937, include a definition of rayon 
and directions regarding its use. Any use of the 
above definitions should be made with full cog- 
nizance of the Federal Trade Commission Rules. 


Tentative Methods of Testing and 
Tolerances for Glass Yarn (D578 - 
49 T): 


The following new procedure for 
measuring thickness of glass cord was 
prepared by Subcommittee A-8: 

New Section.—Add the following as a 
new Section 12, renumbering the present 
Section 12 as 13: 


12. Cord Thickness: (a) Apparatus.—The 
gage used for the measurement of thickness of 
cords shall conform to the requirements pre- 
scribed in Section 11 of the Standard Specifica- 
tions for Textile Testing Machines (A.S.T.M. 
Designation: D 76). 

(b) Test Specimens.—Test specimens shall 
be taken at least 2 yd. apart. Ten sets of test 
specimens are required for each determination. 
The number of test specimens per set shall be in 
accordance with the following table: 


Cord Diameter, Specimens, 
in. per set 
4 
Over yy to 3, incl............ 
Over to 4, 
1 


(c) Procedure.—The specified number of cords 
(Paragraph (5)) shall be laid side by side on the 
anvil of the gage in a relaxed condition and suf- 
ficiently close together to be contacted simul- 
taneously by the presser foot. Care shall be taken 
in handling the cord to avoid distortion of twist 
and construction. 

(d) Report—The average of the ten tests 
shall be taken as the thickness of the cord. 


TENTATIVE REVISIONS OF STANDARDS 


Standard Specifications and Methods of 
Test for Asbestos Roving for Elec- 
trical Purposes (D 375 - 49): 

On the recommendation of Subcom- 


Report oF CommirrEE D-13 (APPENDIX) 


a following proposed 


changes are submitted as a tentative 
revision of this standard: 

Section 2 (d).—Replace Paragraph (d) 
by the following: 


(d@) Number (Cut)—A number hyphenated 
with the word “cut” indicates the number of 
100 yd. units in 1 lb. of a standard asbestos rov- 
ing, and designates the cut-number of that 
roving. 

Section 6.—Revise this section on 
sampling to read as indicated above for 
Section 7 in D 1061. 

Section a (a). —In the first sentence 
change “six” to read “five.” 

(b).—In the first sentence 
change “six strands” to read “five 
strands.” Also change “24” in the first 
and second sentences, and in the formula 
and legend to read “20.” 


Standard Methods of Testing Rayon and 
Estron Staple (D 540 — 44): 


On the recommendation of Section III 
of Subcommittee A-2 the following pro- 
posed changes are submitted as a tenta- 
tive revision of this standard: 

Section 2.—Add as new Paragraphs (e) 
and (f) the following definitions of 
“Acetate Staple” and “Acetate Staple, 
modified,” relettering the subsequent 
paragraphs accordingly: 


(e) Acetate Staple-—A specific term used for 
fibers composed of acetylated cellulose, with 
or without lesser amounts of nonfiber-forming 
material. 

(f) Acetate Staple, Modified —Acetate fibers 
composed principally of cellulose acetate and 
containing amounts of other fiber-forming ma- 
terial. 


Add as Footnote 3 the following and 
include reference to the footnote in the 
heading “definitions” preceding Sec- 
tion 2: 

3 The Federal Trade Commission’s Fair Trade 
Practice Rules for the rayon industry, issued 
October 26, 1937, include a definition of rayon 
and directions regarding its use. Any use of the 
above definitions should be made with full cog- 
nizance of the Federal Trade Commission Rules. 
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Standard Methods of Testing Felt 
(D 461 - 49): 


On the recommendation of Subcom- 
mittee A-10 the following proposed 
change is submitted as a tentative re- 
vision of this standard: 

Section 13 (a).—Change to read as 
follows: 


13. (a) Sample——Prepare a sample of ap- 
proximately 8 g. for chemical analysis by taking 
approximately equal quantities from three test 
specimens cut from the felt in accordance with 
Section 3. The portions so taken shall be cut 
into pieces approximately } in. square. 


ADOPTION OF TENTATIVES AS STANDARD 


Tentative Specifications for Woven As- 
bestos Cloth (D 677 - 46 T): 


The committee recommends that the 
above specifications be approved for 
reference to letter ballot of the Society 
for adoption as standard with editorial 
revisions in the table in Section 9 to 
make it agree with Table I in Section 
4 (a) of D 299-49 T. 


Tentative Definitions of Terms Relating 
to Textile Materials (D 123 - 49 T): 


The committee recommends that the 
following definitions now published under 
D 123-49 T be approved for reference 
to letter ballot of the Society for adop- 
tion as standard: Monofilament; permea- 
bility; porosity; rayon; rayon, modified; 
ribbon, slit and cut; ribbon, woven; 
sley; tape, slit and cut; tape, woven; 
webbing, elastic; webbing, nonelastic; 
woolen; and yarn number. 

It is also recommended that the fol- 
lowing six terms now appearing in 
Tentative D 123 be adopted and included 
in the glossary which constitutes Appen- 
dix I of Standard D 123 - 49: corduroy, 
frieze, plush, velour, velvet, and 
velveteen. 


RECOMMENDATIONS ON STANDARDS FOR TEXTILE MATERIALS 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 


Committee D-13 recommends that 
the following standards be revised as 
indicated and accordingly requests the 
necessary nine-tenths affirmative vote 
at the Annual Meeting in order that 
these recommendations may be referred 
to letter ballot of the Society. 


Definitions of Terms Relating to Textile 
Materials (D 123 - 49 ): 


Committee D-13 recommends for im- 
mediate adoption as standard revisions 
in the definitions of the following terms: 
pick (addition of new Note); tenacity 
(addition of new Note 2); cloth; length, 
breaking; density; density, linear; at- 
mosphere, standard; dew point; humid- 
ity; humidity, absolute; and humidity, 
relative. 

Also recommended is a revision in Part 
B of Standard D 123 comprising a re- 
vised Table I on Man-Made or Synthetic 
Fibers and Monofilaments. 

These revisions were prepared by Sub- 
committee B-2 and are appended 
hereto.” 


Recommended Practice for A Universal 
System of Yarn Numbering (D 861 - 
47): 

The following revisions in this recom- 
mended practice are recommended for 
immediate adoption: 

Revision of Note 1 and the deletion of 
Note 2 in line with the revised definitions 
for “density” and “density, linear” also 
being recommended at this time. 

Revision of the value “4,960,536” to 
the rounded-off value “4,960,550” calcu- 
lated from constants approved for engi- 
neering use by the American Standards 
Association and the British Standards 
Institution, and 

To state all constants in the appendix 
to six significant figures in order to 
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avoid possible errors in derived con- 
version factors. 

All of these changes, although of a 
minor natur@ have been incorporated in 
the revised recommended practice ap- 


pended hereto.’ pi 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


Standard Method of Test for Hard 
Scoured Wool in Wool in the Grease 
(D 584 — 47): 


The committee recommends that the 
present tentative revision of Section 7 
be adopted as standard and incorporated 
in this method. 


Standard Specifications for Mechanical 
Roll Felt (D 944 — 49): 


The committee recommends that the 
present tentative revision of Section 7 
be adopted as standard and incorporated 
in these specifications. 


Standard Methods of Testing Felt 

(D 461 — 49): 

The committee recommends that the 
present tentative revision of the new 
Section 2 on Definition, the changes in 
Section 7 and the new Section S7 on 
Determination of pH of Felt be adopted 
as standard and incorporated in these 
methods. 


WrrprAwat or TENTATIVE 


Committee D-13 recommends that 
the tentative listed below be withdrawn: 


Tentative Specifications for Bleached 
_ Wide Cotton Sheeting (D 503 - 48 T). 


Report OF ComMITTEE D-13 (APPENDIX) 


EDITORIAL CHANGES IN TENTATIVES 


Tentative Methods of Testing and 
Tolerances for Cotton Yarns (D 180, - 
49 T): 


Section 7 (d).—In the second line 
change the word “shall” to read “may.” 

The following revision to restore the 
requirement for the number of tests for 
appearance test, which had been pre- 
viously omitted through error, is recom- 
mended by Committee D-13: 

Section 11.—Add the following as a 
new Paragraph (c), with the present 
Notes 1 and 2 following thereafter: 


(c) Number of Tests.—Five tests shall be 
made on each case, bale, chain ball, or beam 
warp. If 80 per cent of the results meet the 
specified grade and the remaining 20 per cent 
do not fall below the next lower grade, the yarn 
shall be considered to be of the grade specified. 


Tentative Methods of Testing and 
Tolerances for Continuous Filament 
Rayon and Estron Yarns (D 258- 
48 T), and 

Tentative Methods of Testing and 
Tolerances for Rayon Tire Cord (D 
885 46 T): 


Editorial changes are necessary in 
these two standards in line with the 
changes recommended above in Stand- 
ard D 861. In Section 13 (6) of D 258 and 
in Section 17 (d) of D 885 change the 
constant “4,464,483” to read “4,464,500” 
in the formula for calculating yards per 
pound of one denier yarn. In Section 
13 (6) of D 258 and in Section 17 (d) 
of D 885 change the constant ‘4,960,- 
537” to read ‘4,960,550” in the formula 
for calculating yards per pound of one 
grex yarn. 
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Committee D-14 on Adhesives held 
two meetings during the year. A two- 
day meeting was held at A.S.T.M. 
Headquarters in Philadelphia on Octo- 
ber 17 and 18, 1949 at which a talk on 
“The Evaluation of Test Procedures for 
Resin-Bonded Wood”’ was given by R. P. 
Hopkins. A spring meeting was held at 
A.S.T.M. Headquarters in Philadelphia 
on March 27 and 28, 1950, at which 
a talk was presented by N. V. Poletika 
on the “Testing of Adhesives for Wood” 
as presented in the educational program 
of the Timber Engineering Co. 

At the present time, Committee D-14 
consists of 78 members, of whom 32 
are classed as producers, 31 as con- 
sumers, and 15 as general interest mem- 
bers. 

At the March meeting the foliowing 
officers were elected for the ensuing term 
of two years: 

Chairman, F. W. Reinhart. 

Vice-Chairman, G. Reinsmith. 

Secretary, L. M. Perry. 

Membership Secretary, John H. Wills. 

Advisory Committee: J. F. Hamil- 
ton, G. Lipsey, F. J. Hanrahan. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee D-14 presented to the 
Society through the Administrative 
Committee on Standards proposed re- 
visions of the Tentative Definitions of 


1 Presented at the a third Annual Meeting of the 
Society, June 26-30, 1950 


ON 
ADHESIVES! 


Terms Relating to Adhesives (D 907 - 
47T). This recommendation was ac- 
cepted by the Standards Committee on 
September 22, 1949, and the revised 
tentative appears in the 1949 Book of 
A.S.T.M. Standards, Part 4. 

On May 8, 1950, the Administrative 
Committee on Standards accepted the 
following recommendations submitted 
by Committee D-14: 


Test for Consistency of Adhesives (D 1084- 50T).. % 
Revision of Tentative Method of: 


Test for Resistance of Adhesive Bonds to Chemi- 
cal Reagents (D 896 - 46 T). 


The new and revised tentatives appear 
in the 1950 Supplement to Book of 
ASTM Standards, Part 4. 


TENTATIVES CONTINUED WITHOUT © 
REVISION 


The committee recommends that the 
following tentatives be continued in 
their present status without revision, 
pending further evaluation work and 
revision: 


Tentative Methods of Test for: 


Resistance of Adhesive Bonds to Chemical 
Reagents (D 896 - 46 T).? 

Applied Weight Per Unit Area of Dried Ad- 
hesive Solids (D 898 - 47 T).2 

Applied Weight Per Unit Area of Liquid Ad- 
hesive (D 899 —- 47 T).2 

Strength Properties of Metal to Metal Ad- 
hesives in Shear by Tension Loading (D 1002 - 
49 T).? 

Impact Strength of Adhesives (D 950 - 47 T)? 


21949 of A.S.T.M. 4. 
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Cleavage Strength of Metal to Metal Adhesive 
(D 1062 - 49 T)2 

Determining the Effect of Artificial (Carbon-Are 
Type) and Natural Light on the Permanence 
of Adhesive (D 904 - 46 T)? 


It is also recommended that the 
Definitions of Terms Relating to Ad- 
hesives (D 907-49 T)* be retained as 
tentative. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Strength Properties 
(C. B. Hemming, chairman).—The Sec- 
tion ort Tensile Strength is working on a 
simplified tensile method and is giving 
consideration to the determination of 
tensile strength of relatively low-strength 
adhesives. In addition to the three 
tentative methods for determining shear 
strength of wood and metal already 
published, the Section on Shear Strength 
has been conducting a round-robin for 
determining shear strength of plastic- 
to-plastic bonds. The Section also is 
considering the problem of determining 
shear strength of adhesives with ex- 
tensible materials. The Section on Im- 
pact Strength is revising the Tentative 
Method of Test for Impact Strength of 
Adhesives (D 950-47T), and the revi- 
sion is ta go to letter ballot of Com- 
mittee D-14. A round-robin on a method of 
test for Flexural-Shear Strength has been 
completed, anda tentative method is to be 
submitted to letter ballot of Committee 
D-14. The Section on Fatigue Strength has 
prepared two recommended practices 
for determining the fatigue properties 
of adhesives, which are to be submitted 
to letter ballot of Committee D-14. 
A Tentative Method of Test for Cleav- 
age Strength of Metal to Metal Ad- 
hesives (D 1062-49T) has been ac- 
cepted by the Society. Round-robin 
work continues on peel testing. The 
Section on Creep and Flow is in process 
of being organized. 

Subcommittee II on Analytical Tests 
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(L. Repsher, chairman)—The subcom- 
mittee is currently working on methods 
of determining solids content of ad- 
hesives. 

Subcommittee III on Permanence (R. 
F. Blomquist, chairman)—The Section 
on Effect of Moisture and Temperature 
has two test methods to be circulated 
for letter ballot of Committee D-14: 
Proposed Tentative Method of Test 
for Resistance of Adhesives for Wood 
to Cyclic Accelerated Service Conditions; 
and a Proposed Method for Continuous 
Exposure to Temperature and Humidity. 
The Section on Effect of Chemical 
Reagents prepared the revision of the 
Tentative Method of Test for Resistance 
of Adhesive Bonds to Chemical Reagents 
(D 896-46T), recently approved by 
the Administrative Committee on Stand- 
ards. The Section on Effect of Biological 
Factors on Permanence is to submit a 
Tentative Method for Testing Perma- 
nence of Adhesives in Various Biologi- 
cal Environments to letter ballot of 
Committee D-14. The Section on Effect 
of Light on Permanence is continuing 
round-robin work on the Tentative Re- 
commended Practice for Determining the 
Effect of Artificial (Carbon-Arc Type) 
and Natural Light on the Permanence 
of Adhesive (D 904 - 46 T). 

Subcommittee IV on Working Proper- 
ties (D. L. Swayze, chairman)—The 
Section on Consistency prepared the 
Tentative Method of Test for Consist- 
ency of Adhesives: Method A: Cup 
Method recently approved by the Ad- 
ministrative Committee on Standards. 
Additional methods of determining con- 
sistency are also receiving consideration 
in this section. The Section on Tack and 
Blocking has worked out a blocking 
test which has passed letter ballot of 
the subcommittee, and the method is to 
be submitted to letter ballot of Commit- 
tee D-14. Work on tack. has progressed 
the point several i 
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for measurement of tack are to be built 
and round-robin testing will proceed. 
A Recommended Practice for Determin- 
ing Rate of Strength Development of 
Adhesives Bonds has passed letter bal- 
lot of Committee D-14, and the method 
is to be submitted to the Administrative 
Committee on Standards. An inquiry 
is being made to determine how wide- 
spread Tentative Methods D 898 and 
D 899 are being used, and how success- 
ful they have been. The Section on 
Storage and Working Life has a method 
of test ready for circulation in the sub- 
committee. Work continues on slippage 
and flow, penetration and gap filling 
properties of adhesives, but there is 
nothing significant to report. 
Subcommittee V on Specifications (F. 
H. Bair, chairman)——Committee D-14 
has set up a procedure to be followed 
for acceptance of specifications on special 
problems. The Section on General Util- 
ity Adhesives is in the stage of organiz- 
ing, as are the sections on Packaging 
Adhesives, Label Adhesives, and Book 
Binding Adhesives. There is nothing to 
report on their work because the sections 
are relatively new. The Section on Ad- 
hesives for Acoustical Materials has 
circulated a specification within the 
section for comment, following which 
it will be circulated to the subcommittee 
for letter ballot. 


Subcommittee VI on Nomenclature (F. 
Moser, chairman).—In addition to the © 
set of definitions accepted by the Ad- 
ministrative Committee on Standards, 
work continues on other terms. 

Subcommittee VII on Research (R. C. 
Platow, chairman) is conducting work 
on pure shear testing, fundamentals of 
adhesion and degradation. Under con- 
sideration also is a program on the prob- 
lem of correlation between laboratory 
accelerated test cycles and normal out- 
door weathering. 

Subcommitiee VII on Electrical Proper- 
ties (H. A. Perry, chairman) is continu- 
ing work on insulation resistance and 
arc resistance. The subcommittee at 
the present time is trying to increase 
its membership. 

‘ 

This report has been submitted to let- 
ter ballot vote of the committee, which 
consists of 78 voting members; 66 mem- 
bers returned their ballots, of whom 
63 have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
F. W. Remqart, 
Chairman, 
G. W. 
Secretary. 


On January 19, 1951, “ay Administrative Committee on Standards accepted 
the recommendation of Committee D-14 that the Recommended Practice for 
Determining Strength Development of Adhesive Bonds be published as tenta- 
tive. The new tentative recommended practice bears the designation D 1144 - 


51 T and is available as a separate. — 
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Committee D-15 on Engine Anti- 
7 freezes held two meetings during the 
year: the first in New York, N. Y., on 
_ September 23, 1949, and the second in 
Washington, D. C., on February 17, 
1950. The Advisory Committee and sub- 
: committees have held meetings concur- 
rently. 

At its last meeting, the Advisory Com- 
mittee activated Subcommittee V on 
Effect of Antifreeze on Rubber Hose 
and appointed T. E. Bieterman as chair- 
man. This subcommittee plans to work 
_ jointly with Subsection B-III on.Coolant 

| System Hose, of the S.A.E.-A.S.T.M. 


4 Technica] Committee on Automotive 


Rubber. 


ing term of two years resulted in the 
selection of the following: 

Chairman, H. R. Wolf. 

Vice Chairman, D. B. Brooks. 

Secretary, R. J. Harker. 

Advisory Committee, Gus Kaufman, 
_&E H. amet, J. D. Klinger, J. C. Krat- 


At present the committee is composed 
_ of 43 active members, of whom 21 are 
classified as producers, 10 as consumers, 


12 as general interest members. 


New TENTATIVES 


Committee D-15 recommends that 
one specification and five methods be 
accepted for publication as tentative, 
as appended hereto? 


va 1 Presented at the —_ third Annual Meeting of the 
Society. June 26-30, 1950 
e new specification and methods were 1980 Supple 
the Society as tentative a appear in - 1950 Supple- 


ment to Book of Part 5 


ON 


ENGINE ANTIFREEZES! 


Specifications for: 
Hydrometer-Thermometer Field Tester for En- 
gine Antifreezes, 
Methods of Test for: 


Reserve Alkalinity of Concentrated Engine An- 
tifreezes, 

Specific Gravity of Concentrated Engine Anti- 
freezes by the Hydrometer, 

Water in Concentrated Engine Antifreezes by 
the Iodine Reagent Method, 

Boiling Point of Engine Antifreezes, and 

Ash Content of Concentrated Engine Antifreezes. 


The recommendations appearing in 
this report have been submitted to letter 
ballot cf the committee, the results of 
which will be reported at the Annual 
Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Freezing Point De- 
termination (R. E. Mallonee, chairman) 
has made excellent progress in develop- 
ing a test method for determining this 
important antifreeze property. It was 
decided at the Washington meeting, 
however, to await the outcome of some 
further collaborative work before sub- 
mitting the test method as tentative. 
The information and test data obtained 
in this study have been assembled in the 
form of a technical paper by R. E. Mal- 
lonee and F. L. Howard, on “The Deter- 
mination of Freezing Point of Engine 
Antifreezes.””* 

Subcommittee II on Antifreeze Field 
Testers (J. D. Klinger, chairman) pre- 
pared the new specifications for Hydrom- 


3 The letter ballot vote on these recommendations was 
favorable: the results of the vote are on recordat ASTM 
Headquarters. 

ASTM Buttetwn, No. 172, February, 1951, p. 43(TP57), 


REPORT OF COMMITTEE 
| 
| 
378 


On Encrne ANTIFREEZES 


eter-Thermometer Field Tester for 
Engine Antifreezes and holds the honor 
of completing the first tentative to be 
approved by the committee and pre- 
sented to the Society for publication. 


TABLE I.—RESULTS OF COOPERATIVE TESTS OF BOILING POINTS OF ENGINE ANTIFREEZE. 
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be presented for inclusion in the method. 
Collaborative work is planned to deter- 
mine the suitability of this method for 
determining the specific gravity of aque- 
ous antifreeze solutions. 


Boiling Points, deg. Fahr. 


Antifreeze, per cent 


Aberdeen Provi 


Carbide and Car 


Commercial Solvents 187.5 


I. du Pont de Nemours and Co., Inc. 
Gulf Research and Development Co. 
National Bureau of eee. 
Publicker Industries. . 
Socony-Vacuum Oil Co............... 
Standard Oil Co. (Indiana).......... 
U. S. Industrial Chemicals, Inc. . 
U. S. Naval Engineering Exper. Station 


183.5 179.5 
173.5 217.0 225.5 185.0 178.5 
174.0 221.0 230.0 186.0 179.0 
173.5 218.0 226.5 185.5 179.0 
173.5 218.5 228.0 185.0 178.0 
174.0 216.5 


Mean Boiling Point, deg. Fahr. 


Standard Deviation 


226.5 178.0 

186.9 173.4 | 217.8 | 226.6 | 184.8 | 178.5 
0.6 3.2 3.4 1.2 1.0 

1.4 1.3 2.1 1.3 1.0 


The main committee has asked this sub- 
committee to investigate further the 
repeatability of the measurement of spe- 
cific gravity of the antifreeze solutions 
after heating and cooling. 

Subcommittee IIT on Physical Proper- 
ties (R. E. Vogel, chairman) prepared 
the proposed Tentative Methods of 
Test for Boiling Point of Engine Anti- 
freezes, and for Specific Gravity of Con- 
centrated Engine Antifreezes by the 
Hydrometer. The boiling point method is 
applicable to both concentrated anti- 
freeze and aqueous antifreeze solutions. 
Results of cooperative tests in 13 labora- 
tories made in the development of this 
method are shown in Table I. The 
method for specific gravity is applicable 
only to concentrated antifreezes and is 
recommended as a tentative method at 
this time without precision limits. When 
established and approved by committee 

letter ballot, the precision limits will 


Nore.—All temperatures have been rounded off to the nearest 0.5 F. 


TABLE II.—RESULTS OF COLLABORATIVE WORK 

ON DETERMINATION BY THE KARL FISCHER 

METHOD: OF WATER CONTENT OF ENGINE 
ANTIFREEZE. 


Water Content by Direct 
Titration in Methanol, 
per cent by weight 


Laboratory 
Sample No. 
B-2-1 | C-2-2 | D-3-2| F-1-1 | C-1-2 

Solvents 

5.4 | 4.1 7.4 0.4) 0.2 
E. I. ‘ae Pont de Ne- 

mours and Co., Inc..| 5.6 | 4.1] 7.0) 0.4 
Linde Air ProductsCo..| 5.5 | 4.1| 7.5| 0.5 0.3 
4.6) 4.0 7.1 0.3 
Standard Oil Co. (In- 

5.4 4.1 7.2 0.4 
The Texas Co.........| 5.8 | 4.4] 5.8| 0.4 

Average... 4.1 7.0} 0.3 

5.8| 4.4] 7.5| 0.3 

1.2| 0.4] 1.7] 0.1] 0.1 


Subcommitiee IV on Chemical Proper- 
ties (R. J. Harker, chairman) has com- 
pleted collaborative test work on three 
methods which have been approved by 
letter ballot of the committee and are 
recommended for oe as pro- 
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posed tentative methods. These methods 
_ are applicable to undiluted antifreezes 


only. 


The new Method of Test for Water 
Content of Concentrated Engine Anti- 
TABLE III.—COMPARISON OF RESULTS BETWEEN 


TITRATION IN METHANOL AND PYRIDINE IN 
WATER CONTENT DETERMINATION. 


Water Content, per cent by 
weight 


Laboratory = 


| Pyridine 


E. I. Du Pont de Ne- 
mours and Co., Inc. 
Linde Air Products 


Shell Oil Co 


wn 
| Methanol 


| Pyridine 


0.5 
0.5 


Nore.—Titration in pyridine instead of methanol 
minimizes side reactions when carbonyl compounds are 
present in the sample. 


tained through the use of this test pro- 
cedure. 

The collaborative test study of the 
new method for the Determination of 
Ash Content of Concentrated Engine 
Antifreezes indicated that there was no 
advantage in precision and reproduci- 
bility to be obtained from determining 
sulfated ash. The results indicated that 
the simpler ashing procedure proposed 
is adequate for antifreeze materials. 

The subcommittee has also prepared 
a new method for the Determination 
of the Reserve Alkalinity of Concen- 
trated Engine Antifreezes, following the 
completion of a series of cooperative 
tests. It was decided that the titration 
shall be a pH value of 5.5. 

A new method for the Determination 
of the pH of Engine Antifreezes has been 


TABLE IV.—RESULTS OF COOPERATIVE STUDY OF ASH TEST METHOD. 


° | Sample B-2-1 


-2 | Sample C-2-2 | Sample D-3-2 


Direct 
Ash 


Commercial Solvents Corp 


Packard Motor Car Co 


Gulf Research and Development Co.... 


Sul- 
fated 


Sul- 


Direct fated 
Ash 


a 
& SES BS 


ou 


8 S&S BN Sk 


Linde Air Products Co................. { 


Publicker Industries 


Grand Average 
Maximum Deviation 
from 


&s 

ee 88 


RRS 


Results discarded. 


freezes is based upon the Karl Fischer 
method. The data obtained by the six 
cooperating laboratories as shown in 
Tables II and III, indicated that very 
en reproducibility may be ob- 


developed as a modification of the 
present Tentative Method for Deter- 
mination of the pH of Aqueous Solu- 
tions with the Glass Electrode (E 70- 
46T). When _— this method 


f 
Sample 
Shean 
5.7 | 5.4 | 7.5 
| 
5 
ul- 
Ash A Ash 
0.98 13 | 0.14 
7 “a E. I. du Pont de Nemours and Co......4 0.80 0.98 0.10 | 0.15 0.12 0.15 
| 
0.62 | 1.00 0.07 | 0.16 | 0.10 | 0.13 
0.72 0.08 ! 0.17 0.15 0.12 
9°99 0.08 | 0.15 | 0.15 | 0.14 
| 0.71 0.047 | 0.11 | 0.12 | 0.13 
0.72 0.71 1.1 0.07 0.15 0.14 0.13 
h —*" 0.67 0.68 | 1.05 | 0.10 | 0.12 | 0.13 | 0.13 
0.65 0.71 | 0.97 | 0.08 | 0.13 0.13 
0.69 | 1.03 | 0.085 | 0.14 | 0.13 | 0.13 
0.03 0.06 | 0.10 | 0.01 | 0.03 | 0.03 | 0:01 
> 
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will be oor to letter ballot of the 
- committee for publication as tentative. 
Subcommittee VI on Simulated and 
Actual Service Testing (E. H. Keller, 


chairman) has prepared a more detailed 


outline of its work, which is appended 


to this report. 
Subcommittee VII on Specifications 
_ (J. M. Clark, chairman) met on Sep- 
tember 22, 1949, to review its work. 
This subcommittee does not currently 
have available sufficient data to pre- 
pare specifications for engine antifreezes. 
_ However, it has again recommended to 
the main committee that the projects 
under investigation by the other sub- 
committees be pursued actively to pro- 
vide necessary information so that 
specifications can be prepared at an 
early date. 

Study Group on Sampling (R. E. Mal- 


lonee, chairman) is engaged in the prepa- 
ration of standard methods for sampling 
and preparing engine antifreezes for 
test. This information will be of con- 
siderable value to the subcommittees 
in developing test methods that reflect 
antifreeze properties under actual oper- 
ating conditions. 


This report has been submitted to 
letter ballot of the Committee, which 
consists of 43 voting members; 35 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of © 
the committee, 


WoLr, 
Chairman. 
E. H. KELLER, 
Secretary. 


REPORT OF SUBCOMMITTEE VI ON SIMULATED AND 
ACTUAL SERVICE TESTING 


Subcommittee VI on Simulated and 
Actual Service Testing is conducting 
cooperative test programs on two 
methods of test for the corrosion and 
foaming tendencies of engine antifreezes. 
In addition, it is preparing a short article 
which deals with certain phases of anti- 
freezes useage, not covered in other pub- 
lications on the subject. 

The subcommittee is well advanced 
in its cooperative evaluation of “glass- 
ware type” corrosion tests for antifreeze 
solutions. It was agreed that each of the 
ten cooperating laboratories would use 
its own test method to evaluate nine 
aqueous antifreeze materials and water. 
No restrictions were placed upon test 
methods or conditions of operation. An- 
tifreezes are being rated by each labora- 
tory in the order of their effectiveness 
in reducing the corrosion of cooling 
system metals. 

The committee has agreed that the 
corrosion and foaming properties of 
antifreeze solutions can be evaluated 
with accuracy only in an automobile 
cooling system. It is well aware, however, 
of the disadvantages inherent in such a 
test procedure, involving the use of 
actual vehicles. The number of units re- 
quired, the expense of the equipment, 
and cost of trained personnel to conduct 
the test would undoubtedly limit its 
use to large, well-equipped testing labor- 
atories. 

In order to simplify the procedure and 
reduce the cost of equipment to a mini- 
mum, the committee is conducting a 
series of cooperative tests in a circulat- 


ing apparatus, containing some automo- 
tive cooling system parts. The apparatus 
and procedure used are a modification of 
the Simulated Service Test Unit de- 
veloped by the National Bureau of 
Standards. A description of the appara- 
tus submitted by the Bureau to this 
committee in January, 1948, follows: 


The apparatus used in the simulated service 
corrosion tests, which this Bureau is conducting 
for Government agencies, consists of a cir- 
culating system, including a motor-driven auto- 
mobile coolant pump connected by radiator 
hose and pipe to a 5-gal. steel tank and a com- 
mercial automotive radiator. The pump is de- 
signed to run at different speeds, corresponding 
to certain road speeds of automobiles. . The 
steel tank rests on an electric hot plate, the 
temperature of which can be controlled. Through 
a cap in the top of a standpipe screwed onto the 
5-gal. tank, weighed specimens of different 
types of metals commonly used in automotive 
engine cooling systems are suspended in the 
antifreeze coolant. Successive weighings of each 
metal specimen will show whether or not the 
antifreeze coolant is deleterious to the different 
metal specimens. Radiator and ambient tem- 
peratures are regulated to give a normal auto- 
motive engine operating temperature, permis- 
sible for the type of antifreeze under test, and 
generally between 170 and 180 F. 

The metal test specimens are 1} in. squares, 
approximately 0.030-in. in thickness, of alu- 
minum, brass, copper, brass soldered to copper, 
steel, and cast iron, each with a 3-in. hole 
drilled in the center. The specimens are polished, 
thoroughly cleaned, and each weighed on a 
chemical balance. Initial weights are recorded 
and the specimens are strung on a threaded 
brass eyebolt, with a j-in. diameter tpacer tube 
4 in. long between specimens. The whole as- 
sembly was locked securely together, thus assur- 
ing good electrical contact. The eyebolt assembly 
was attached to one end of a brass rod and the 
other end secured to a removable cap plate on 
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the standpipe, allowing the metal specimens to 
be completely immersed in the 5-gal. tank when 
the circulating system was filled to the proper 
level with the test solution. The strength of the 
antifreeze test solution used is such as to have a 
freezing point of 0 F. 

The minimum time a cooling system test 
should run is dependent upon the corrosion 
action of the antifreeze solution upon the dif- 


= metal specimens in the circulating system. 


The subcommittee hopes to be able to 


present a laboratory test procedure that — 


© 
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will consistently differentiate between 
safe and deleterious antifreeze products, 
although some correlation with actual 
operating experience will undoubtedly 
be necessary. 


Respectfully submitted on behalf of 


the subcommittee, 


Chairman. 


E. H. Keer, = 
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The initial objective of Committee 
D-16 on Industrial Aromatic Hydro- 
carbons, the establishment of speci- 
fications and methods of test for the 
major industrial aromatic hydrocarbons 
as standards of the Society, has been 
accomplished, and the published stand- 
ards are enjoying increasingly wide circu- 
lation. Recent activity of the committee 
has been concerned principally with the 
second phase of the work, which consists 
of the correlation of test methods and 
apparatus with similar standards spon- 
sored by other committees with the 
object of minimizing duplication and 
keeping methods and laboratory appa- 
ratus to a minimum. To this end the 
committee is recommending in this report 
certain revisions in the standards under 
its jurisdiction. 

Since there are related chemicals other 
than hydrocarbons that are of industrial 
importance and which are not now cov- 
ered by A.S.T.M. standards, the com- 
mittee has indicated the need for an 
extension of its scope and has appointed 
a special subcommittee to review the 
matter. 

Consideration is being given to avail- 
able A.S.T.M. methods of test for sulfur 
and copper corrosion which were pre- 
pared by or are under consideration by 
other committees of the Society, again 
with the object of minimizing duplica- 
tion of effort. 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION * 


The committee recommends for imme- 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
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INDUSTRIAL AROMATIC HYDROCARBONS! 


diate adoption the following revisions in 
12 standard specifications and accord- 
ingly requests the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that these recommendations 
may be referred to letter ballot of the 
Society. These changes in the specifica- 
tions, as well as those in Method D 850, 
are in line with current endeavors to co- 
ordinate A.S.T.M. distillation tests, look- 
ing toward the establishment of a uni- 
versai A.S.T.M. distillation method. 
The revision consists of adding to each 
of the following specifications a para- 
graph under the section on methods of 
testing requiring the material to be sam- 
pled in accordance with the Tentative 
Methods of Sampling Petroleum and 
Petroleum Products (A.S.T.M. Desig- 
nation: D 270).? In addition a reference 
is to be added to each specification to the 
A.S.T.M. thermometer to be used in the 
distillation test as indicated below: 


Standard Specifications for:* 


Nitration Grade Benzene (D 835 — 47), includ- 
ing a reference to A.S.T.M. Solvents Dis- 
tillation Thermometer 40 C., 

Industrial Grade Benzene (D 836~ 47), in- 
cluding a reference to thermometer 40 C., 

Industrial 90 Benzene (D 837 — 47), including a 
reference to thermometer 40 C., 

Refined Solvent Naphtha (D 838 - 47), includ- 
ing a reference to thermometer 42 C., 
Crude Light Solvent Naphtha (D 839-47), 

including a reference to thermometer 42 C., 

Crude Heavy Solvent Naphtha (D 840-47), 
including a reference to thermometer 42 C., 

Nitration Grade Toluene (D 841 - 47), includ- 
ing a reference to thermometer 41 C., 


» 21950 Supplement to Book of ASTM Standards, 
art 5. 
3 1949 Book of A.S.T.M. Standards, Part 5. 


- 


i 
4 
| | 
rt 
ed 
7 
} 
Bi 
— 


Industrial Grade Toluene (D 842 - 47), includ- 
ing a reference to thermometer 41 C., 
Nitration Grade Xylene (D 843 - 47), including 

a reference to thermometer 41 C., 
Industrial Grade Xylene (D 844-47), includ- 
ing a reference to thermometer 42 C., 
Five-Degree Xylene (D 845-47), including a 

reference to thermometer 41 C., 
Ten-Degree Xylene (D 846-47), including a 
reference to thermometer 41 C. 


The committee also recommends the 
- following revision for immediate adop- 
tion in the Standard Method of Test for 
Distillation of Industrial Aromatic Hy- 
drocarbons (D 850 47)3 

Section 2 (b).—Change the thermome- 
ter requirements to read as follows: 


(b) Thermometer.—(1) The A.S.T.M. Solvents 
Distillation Thermometer used in the test shall 
be as prescribed in the specifications for the 
material being tested. The thermometer shall 
conform to the requirements prescribed in the 
Standard Specifications for A.S.T.M. Thermom- 
eters (A.S.T.M. Designation: E1).* Table I 
shows the ranges of the several available 
A.S.T.M. solvents distillation thermometers 
suitable for testing industrial aromatic hydro- 
carbons. 


TABLE I.—A.S.T.M. FOR 
DISTILLATION TEST OF INDUSTRIAL 
AROMATIC HYDROCARBONS. 


A.S.T.M. 
Desig- Name 
nation 


Subdi- 
vision, 
deg. Cent. 


Range 
deg. Cent. 


48 to 102 
72 to 126 
98 to 152 
95 to 255 


solvents distillation 
solvents distillation 
solvents distillation 
solvents distillation 


(2) As an alternate, thermometers of the fol- 
lowing description may be used: Thermometers 
of the mercury, etched glass stem type, graduated 
in 0.2 C. intervals, and having a range of 70 
to 120 C. for benzene and toluene and a range 
of 110 to 160 C. for xylene. Graduations shall 
be numbered at each multiple of 2 C. The ther- 
mometers shall be made of a suitable quality 
of glass so as not to change readings under con- 
ditions of use. They shall be provided with an 
expansion chamber filled with nitrogen and with 
a ring at the top. The thermometers shall con- 
form to the following dimensions: 


Total length 
Length of bulb 


not more than 
305 mm. 

notfmore than 
20 mm. 
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Distance from bottom of bulb to grad- a 
nek line at: 
my: thermometer range of 70 


to 160 

Graduations per inch 

Diameter of stem 

Diameter of bulb outs more than dia- 
meter of stem).. 


The scale error at any point of the scale shall 
not exceed 0.2 C. when the thermometer is 
compared at total immersion with a similar 
thermometer calibrated at total immersion by 
the National Bureau of Standards and proper 
corrections are applied. It is preferable that 
thermometers do not have a contraction cham- 
ber situated between the bulb and the lowest 
graduation. However, if such a bulb is present, 
its lowest point shall be not more than 1 mm. 
above the top of the main reservoir. 


Section 2 (e).—Change the condenser 
requirements to read as follows: 


(e) Condenser.—Either of the following two 
condensers may be used: 

(1) The condenser specified in the Standard 
Method of Test for Distillation of Gasoline 
Naphtha, Kerosine, and Similar Petroleum 
Products (A.S.T.M. Designation: D 86),® or 

(2) As an alternative, the condenser tube 
may consist of a straight glass tube 600 to 
610 mm. in length and 12 mm. in inside 
diameter, of standard wall thickness (about 
1.25 mm.) with the exit end cut off square 
and ground flat. It shall be set in a cooling 
trough so that at least 15 in. of the tube is in 
contact with the water. Clearance between 
the condenser tube and any parallel side of 
the trough shall be not less than 2? in. The 
water in the cooling trough shall be main- 
tained at 10 to 20 C. (50 to 70 F.). This may 
be done by adding ice to the water or by 
circulating chilled water through the trough. 
The trough shall be so mounted that the 
condenser tube is set at an angle of 75 deg. 
with the vertical. 


Section 6 (b).—Add the following: “If 
the alternate thermometers (total im- 
mersion) of Section 2 (b) are used, 


ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that the 
Tentative Method of Test for Thiophene 
in Benzene (D 931 — 47 T)® be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard. 


or 5 to 7 mm. 
7 
0.2 
42C.. 0.5 
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-EprrorraL CHANGE 


The following editorial change is 
recommended in the Standard Method 
of Test for Solidifying Point of Benzene 
(D 852 - 

Section 2 (e).—Change to read as 
follows: 


{e) Thermometer—An A.S.T.M. Benzene 
Freezing Point Thermometer having a range of 
—0.6 to +10.4 C. and conforming to the re- 
quirements for thermometer 53C as prescribed 
in A.S.T.M. Specifications E 1. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 


which will be reported at the Annual 
Meeting.‘ 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 38 voting members; 23 members 
returned their ballots, of whom 21 have 
voted affirmatively and 2 negatively. 


Respectfully submitted on behalf of 
the committee, 
D. F. Goutp, 
Chairman. 
R. B. GREENE, 
Secretary. 


4 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A 
Headquarters. 
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- Committee D-17 on Naval Stores 

held one meeting during the year: on 
June 29, 1949, at Atlantic City, N. J., 
in connection with the Annual Meeting 

of the Society. At the time of the 1948 
meeting it was tentatively decided to 
dispense with separate subcommittee 
meetings in view of the general interest 
_ of all committee members in the over- 

all program of work of the various sub- 
committees. In accordance therewith, 
the work of each subcommittee was sub- 
jected to a full discussion in the commit- 
tee meeting. 

The summary of known methods for 
determining softening point of resins, 
which had been incorporated in the Ap- 
pendix to the 1948 Report of Committee 

_ D-17,? was made available in separate 
- pamphlet form at the 1949 Meeting. 
A nominating committee, consisting 
of W. D. Pohle, G. R. Tennent, and W. 
C. Smith, was ‘appointed by the chair- 
man, The following officers and members 
of the Advisory Committee were elected 
at the 1950 Annual Meeting: 
_ Chairman, V. E. Grotlisch. 
Vice Chairman, J. L. Boyer. 
Secretary, W. A. Kirklin. 
Advisory Committee, J. P. Bain, R. P. 
Chapman, R. E. Price, I. E. Knapp, 
_G.R. Tennent, and Authur Pollak. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 
Subsequent to the 1949 Annual Meet- 
’ 1 Presented at the Fifty-third Annual Meeting of the 


Society, June 26-30, 1950. 
ee Am. Soc. Testing Mats., Vol. 48, p. 457 
948 


ing, Committee D-17 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
mendation that the Tentative Methods 
of Testing Tall Oil (D 803-44T) be 
revised. This recommendation was ac- 
cepted by the Standards Committee 
on September 22, 1949, and the revised 
tentative methods appear in the 1949 
Book of A.S.T.M. Standards, Part = 


NEW TENTATIVE 


The committee recommends for ac- 
ceptance and publication as tentative 
the Methods of Test for Rosin Oils, as 
they appear in Appendix II of the«1949 
Report,’ with the following minor 
changes: 

Section 5 (b).—In item (J), insert 
100 F. as an alternate test temperature. 

Section 8.—Substitute “302” in place 
of “346” for molecular weight of rosin 
acids. In Eq. 1 substitute “0.302” 
for “0.346.” Change the factor “0.617” 
to “0.539” in Eq. 2 and in the Note. 


REVISION OF TENTATIVE 


Tentative Method of Test for Water 
in Liquid Naval Stores (D 890 - 46 T).* 
—On the basis of experience with this 
method by several members, the com- 
mittee recommends revision of the 
method so as to provide for preparation 
of the Karl Fischer reagent (iodine- 
pytidine-sulfur dioxide) in two stable 


- solutions that do not become water- 


reactive until they are brought together 


3 Proceedings, Am. Soc. Testing Mats., Vol. 49, p. 469 
1949). 
: 41949 Book of A.S.T.M. Standards, Part 4. 
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at the time of making the test. This 
involves a major revision of the method, 
and the revised method is —* to 
this report.® 


ADOPTION OF TENTATIVE AS 
STANDARD 


The committee recommends that the 
following tentative be approved for ref- 
erence to letter ballot of the Society for 
adoption as standard, with revisions as 
indicated: 

Tentative Method of Test For Volatile 
Oil in Rosin (D 889-46 T).—This 
method appears satisfactory, with but 
two minor changes, as follows: 

Section 3 (a).—In the first sentence, 
substitute the words “insert an ebulli- 
tion tube” in place of “a few glass 
beads.” 

Section 3 (b).—Delete the last sentence 
of this paragraph, it 


The recommendations appearing in 


this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Softening Point 
of Rosin (J. M. Schantz, chairman).— 
A member of this subcommittee, serving 
as chairman of a task group on Soften- 
ing Point, of Committee E-1, Subcom- 
mittee 9, has reported progress in the 
efforts to combine the two A.S.T.M. 
Ring-and-Ball Softening Point Methods, 
D 36 and E 28, into one method accept- 
able to all the interested technical com- 
mittees. Editorial changes in two sec- 
tions of Method E 28 have been sug- 
gested by a member of the subcommittee 
to eliminate possibility of misinterpre- 

~~ 6The rev: revised method was accepted by the Society and 


eogenes in the 1950 Supplement to Book of ASTM Stand- 
s, Part 4. 

6 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 


tation of directions for preparing a 
sample of rosin for the test and the first 
steps in conducting the test. 

Subcommitiee III on Volatile Oil in 
Rosin (S. R. Snider, chairman).—On 
the basis of further work on the tentative 
method for determining volatile oil in 
rosin, recommendation has been made 
that the method be adopted as standard. 

Subcommittee IV on Chemical Analy- 
sis of Rosin (W. D. Pohle, chairman).— 
Collaborative work has been done on 
the tentative methods for acid number 
and saponification number of rosin. 
The potentiometric methods for titra- 
tion in these methods, developed for use 
with dark rosins, have proven entirely 
reliable and the tentatives have been 
recommended for adoption as standard. 

Work on the Tentative Method of 
Test for Unsaponifiable Matter in Rosin 
(D 1065-49 T) is to be continued. A 
member of the subcommittee has de- 
veloped a method using standard separa- 
tory funnels for extraction of unsaponi- 
fiables from the solution, which is offered 
for consideration as an alternate proce- 
dure to the present tentative method. 
This proposed substitute method is 
appended’ to this report as information 
only. 

Subcommittee V on Tall Oil (A. Pol- 
lak, chairman).—Through the efforts of 
the chairman and several members of 
the subcommittee, it was possible to 
complete the revisions and modifications 
in the Tentative Methods for Testing 
Tall Oil (D 803 - 49 T) for inclusion in 
the 1949 Book of A.S.T.M. Standards. 
Plans are now being developed for prepa- 
ration of synthetic tall oil mixtures of 
known fatty and rosin acid content, 
for further collaborative work on the 
methods. 

Subcommittee VII on Terpene Hydro- 
carbons and Pine Oil (R. E. Price, chair- 
man).—Members of the subcommittee 
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have studied the Tentative Method of 
Test for Water in Liquid Naval Stores 
(D 890 - 46 T) and this has resulted in 
the proposed revision of this tentative 
method, as appended to this report.® 
Subcommittee IX on Definitions (J. E. 
Boyer, chairman).—This subcommittee 
calls attention to the manufacture of a 
new kind of rosin made from tall oil by 
fractional vacuum distillation, by which 
the fatty acids are separated from the 
rosin acids. The definition of rosin as 
given in Standard Definitions D 804 will 
need revision to include the new kind of 
rosin. The U. S. Department of Agricul- 
ture is now considering a new designa- 


tion or standard of identity for this rosin 


from tall oil, on the basis of information 
developed at a hearing held on May 9, 


1950. Points of similarity and dis- 


similarity in chemical composition, as 
compared with normal gum and wood 
rosins, were discussed. Pending an an- 
nouncement by the Secretary of Agricul- 
ture, the manufacturer has been author- 
ized to describe the new rosin as “sulfate 
wood rosin.” 


This report has been submitted to 
letter ballot of the committee, which 
consists of 40 voting members; 27 mem- 


bers returned their ballots, all of whom _ 


have voted affirmatively. 


Respectfully submitted on behalf o 
the committee, 
V. E. GRoTLISCcH, 
Chairman. 
W. A. 
Secretary. 
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PROPOSED ALTERNATE METHOD OF TEST FOR UNSAPONIFIABLE 
MATTER IN ROSIN} 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 


Society for Testing Materials, 1916 Race St., 


Scope 


1. This method of test is intended for 
use as an alternate procedure for de- 
termining the percentage of unsaponi- 
fiable matter in rosin, when the special 
extraction apparatus described in Sec- 
tion 2 of the Tentative Method of Test 
For Unsaponifiable Matter in Rosin 
(A.S.T.M. Designation: D 1065) is not 
available, or when duplicate tests must 
be made in shorter time than is required 
for the continuous extraction method. 


Reagents 


2. For descriptions of the reagents 
required, reference should be made to 
Method D 1065. 


Procedure 


3. (a) Weigh 4.00 + 0.001 g. of the 
freshly crushed sample into a 250 to 300- 
ml. Erlenmeyer flask (alkali-resistant 
glass preferred) having a _ standard- 
taper neck. Add 50 ml. of KOH solu- 
tion (33 g. per 1.), connect to a water- 
jacketed condenser, and reflux gently for 
30 min. Disconnect the condenser and 
evaporate gently to about 15 ml. to 
expel alcohol. Add 10 ml. of water and 
again boil gently until the odor of al- 
cohol is not detected at the mouth of 
the flask. 

(b) Transfer the contents of the flask 
quantitatively to a 300-ml. separatory 


1 This proposed method is under the jurisdiction of the 
A.S.T.M. Wg Zz 17 on Naval Stores. Published as 
information, June, 19. 

21949 Book of A.S. 7. M. Standards, Part 4. 


Philadelphia 3, Pa. 


funnel A, rinsing with three 20-ml. por- 
tions of hot water. Cool the flask under 
tap water and add 50 ml. of ether. Shake 
well, and allow the aqueous and ether 
layers to separate. Draw off the aqueous 
layer into a second separatory funnel 
B. Then add 5 ml. of water to funnel 
A without shaking, again drawing the 
aqueous layer into funnel B. 

(c) Extract the solution in funnel B 
with 50 ml. of fresh ether, with thorough 
shaking, and, after separation, draw off 
the aqueous layer into a third separatory 
funnel C. Add 5 ml. of water to funnel B, 
without shaking, and again draw the 
aqueous layer into funnel C. 

(d) Run the ether extract in funnel B 
into funnel A, washing the stem of 
funnel B with 5 ml. of ether into funnel 
A. Close the stopcock and wash in- 
terior of funnel B into funnel A with 5 
ml. of ether. 

(e) Extract the aqueous solution in 
funnel C a third time with 50 ml. of 
ether, as before. Draw off and discard 
the aqueous portion and combine the 
ether with that in funnel A. Add 50 ml. 
of 1 per cent aqueous alkali solution, 
shake thoroughly, allow to separate, 
and discard the aqueous layer. Then 
wash the ether layer twice with 50-ml. 
portions of water. 

(f) Draw the combined ether extracts 
into a 300-ml. beaker, in which a layer of 
about 10 g. of anhydrous powdered 
NazCO; has been spread over the bottom. 
Wash the funnel with 10 ml. of ether, 
adding the ether to the beaker. Stir 
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_ the ether and Na2CO; thoroughly and 
4 allow to stand for 10 to 15 min., with 


occasional stirring. After final separa- 


_ weighed beaker of similar size. Break 


_ up any caked Na2CO,; in the first beaker 


_ with a stirring rod, wash with two 15- 


ml. portions of ether, and add the ether 


the weighed beaker. 


(g) Place the beaker on a warm steam 


4 xd bath and evaporate gently until the 


ether is expelled, taking care to prevent 
_ condensation of water on the inside of 
the beaker. When ether odor is com- 


it in a desiccator to cool, and weigh. The 
weight of contents of the beaker is the 
“net washed extract.” 

(hk) Dissolve the extract in 50 ml. of 
neutral alcohol, with the addition of a 
small quantity of benzene, if necessary, 
to effect complete solution. Add 1 ml. of 
phenolphthalein indicator, and titrate 
any free acid formed by hydrolysis 
with 0.1 N alcoholic KOH solution. 


Calculation and Report 


4. Calculate the unsaponifiable matter 
in the rosin as directed in Section 6 of 
Method D 1065. 
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SOILS FOR ENGINEERING PURPOSES! 


Committee D-18 on Soils for Engineer- 
ing Purposes held two meetings during 
the year. The first meeting was held 
during the Annual Meeting at Atlantic 
City, N. J., on June 29, 1949. Thirty- 
three members and eleven visitors were 
present. At that time a technical session 
on soils was held at which time the fol- 
lowing papers* were presented: 

“The Procedure and Significance 
of Chemical and Mineralogical Tests 
in Soils’ by T. W. Lambe and Dr. 
V. F. B. deMello, 

“Subsurface Exploration by Geo- 
physical Methods” by E. R. Shepard, 
and 

“Study on Mechanical Oscillators” 
by R. K. Bernard. 

One additional paper* was presented at 
the close of the main meeting. This paper 
was entitled: 

“Thixotropic Strength Regain of 
Clays” by Louis Berger and J. P. 
Gnaedinger. 

The committee met at San Francisco, 
Calif., on October 11, 1949, during the 
Pacific Area National Meeting. There 
were twelve members and five visitors 
present. A technical session on soils was 
held and the following papers were pre- 
sented: 

“Effect of Rock Content and Place- 
ment Density on Consolidation and 
Related Pore Pressure in Embankment 
Construction” by Harold J. Gibbs,‘ 

“Electrical Resistivity Method 
Applied to the Investigation of Con- 


1 Presented at the Ye third Annual Meeting of the 
Society, June 26-30, 1 

2 Proceedings Vol. 49 (1949). 

ap aa Bulletin, No. 160 ptember, 1949, p. 64 
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struction Materials Deposits” by E. A. 
Abdun-Nur and D. Wantland,® and 
“Studies of Construction Problems 
and Methods of Compacting Different 
Type Soils to Optimum Density” by 
A. W. Root, W. S. Maxwell, and T. 

E. Stanton.® 

The Executive Subcommittee also held 
a meeting in Washington, D. C., on De- 
cember 12, 1949. Six members attended. 

During the June, 1949, meeting, the 
chairman regretfully reported to the com- 
mittee the death of C. A. Hogentogler, 
past chairman of Committee D-18. A 
letter which expressed the deepest sym- 
pathies of the committee members was 
sent to Mrs. Hogentogler. This letter was 
placed in the minutes of the June 29, 
1949, committee meeting. 

During the year, 35 new members, 
representing individuals or organizations 
were admitted to the committee. The 
total committee membership is now 139, 
which includes 92 voting memberships 
and 17 consulting memberships. 

The Special Subcommittee on Proce- 
dures for Testing Soils, which was or- 
ganized to revise the 1944 edition of the 
compilation Procedures for Testing Soils, 
completed its work in revising old pro- 
cedure items and in securing additional 
procedure items for this publication. 
Fifty-two new or revised items were 
secured from the membership. The re- 
vised compilation has been edited and is 
being prepared for printing. Copies are 
expected to be available for distribution 
this summer. 


in the Western Construction News, 
1950 
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TENTATIVES CONTINUED WITHOUT 
REVISION 


Committee D-18 recommends that the 
following tentatives be continued in their 
present status without revision: 

Definition of Terms and Symbols Re- 
lating to Soil Mechanics (D 653 — 42 T), 
Method of Test for Moisture-Density 

Relations of Soils (D 698 — 42 T), 

Method of Testing Soil-Bituminous 
Mixtures (D 915 - 47 T), and 
Method of Test for Shear Strength of 

Flexible Road Surfaces, Subgrades, and 

Fills by the Burggraf Shear Apparatus 

(D 916 - 47 T). 


Standard Methods of Surveying and 
Sampling Soils for Highway Subgrades 
(D 420 - 45).7— 

Section 1—Change the beginning of 
the first sentence to read as follows: 

1. The purpose of the subgrade survey is 
to furnish the Engineer with significant informa- 


tion for design or decision on the following 
subjects: 

Section 2.—Add the following as Para- 
graph (a): 

2. (a) The subgrade survey should determine 
what materials are involved and where the 
materials are located. More specifically, the in- 


formation should include location and depths of 
all soil types, complete description and classifica- 


Fic. 1.—Equipment for Obtaining Samples of Soil. 


REVISION OF STANDARD, IMMEDIATE 


ADOPTION 


Committee D-18 recommends for im- 
mediate adoption the following revisions 
and accordingly asks for a nine-tenths 
affirmative vote at the Annual Meeting 
in order that these revisions may be 
referred to letter ballot of the Society: 


tion of the different soils and general conditions 
of density and moisture of the different soils 
encountered. The search for the information 
consists of related but separate field operations 
enumerated as follows: 

(1) Field reconnaissance. 

(2) Subsurface exploration test holes. 

(3) Description, classification, and logging 

of test holes. 


7 1949 Book of A.S.T.M. Standards, Part 3. 
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(4) Sampling for inspection and testing. 
(5) Summarizing data into soil profile 
(which provides a graphic record of survey). 


Change the present Paragraph 2 
to 2(b). 
Section 3.—Change to read as follows: 


3. The following equipment is required to 
make a subgrade survey: 

(2) Drilling equipment suitable for making 
test borings. Some of the hand drills and augers 
satisfactory for this purpose are illustrated 
in Fig. 1; also, power augers, if available, may 
be used for making test borings. 

(b) Two small pipe wrenches. 

(c) Pick. 

(d) Shovel: 

(e) A supply of sample containers includ- 
ing tightly woven cloth bags and pint size 
jars or cans. 

(f) A supply of tags and labels for identify- 
ing samples. 

(g) A ball of twine. 

One engineer’s level. 

(¢) One hand level. 

(j) One level rod. 

(k) One 100-foot metallic tape. 

(1) One 6-foot folding rule. 

(m) One roll of 20 in. cross section paper, 
10 divisions to the inch each way. aio 

(nm) Field note books. 

(0) A supply of survey stakes. _ 

(p) One camera and supply of films. 

(q) A supply of keel. 

(r) Canvas or other suitable material to 
be used in quartering samples. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


SUBCOMMITTEE ACTIVITIES 


Subcommittee G-3 on Nomenclature and 
Definitions (C. R. Foster, chairman) has 
recommended that the tentative stand- 
ard D 653-42 T, Definition of Terms 
and Symbols Relating to Soil Mechanics 
be continued in its present status until 
the committee has completed the revi- 
sions on which they are now working. 


® The letter ballot vote on these recommendations was 
favorable; the results of vote are on record at ASTM 


quarters. 
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C. R. Foster replaced E. A. Abdun-Nur 
as chairman of the subcommittee and 
W. K. Boyd resigned fromm the subcom- 
mittee and was replaced by Mr. Abdun- 
Nur. 

Special Subcommittee on Procedures for 
Testing Soils (M. D. Catton, chairman). 
—This subcommittee completed its work 
on the revised edition of ‘Procedures for 
Testing Soils” and was disbanded by 
action of the Executive Committee in 
December, 1949. 

Subcommittee R-1, Surface and Sub- 
surface Reconnaissance (L. E. Gregg, 
chairman) held two meetings during the 
year and completed its organization. 
Two papers were sponsored on technical 
programs, one for the Annual Meeting 
and one for the Pacific Coast Meeting. 
This subcommittee is planning a sym- 
posium dealing with all phases of sur- 
face and subsurface reconnaissance for 
the 1951 Annual Meeting. 

Subcommittee R-2 on Borings and Sam- 
pling for Soil Investigation (J. O. Oster- 
berg, chairman) met during the Pacific 
Coast Meeting. C. W. Allen resigned as 
chairman of this subcommittee and was 
replaced by J. O. Osterberg. The revision 
of Standard Methods of Surveying and 
Sampling Soils for Highway Subgrades 
(D 420 - 45) was passed by letter ballot 
of the committee during the year. Sec- 
tion 2C of this subcommittee is now 
drafting a Proposed Method on Borings 
and Sampling for Soil Investigations of 
Embankment Materials. The subcom- 
mittee is now considering what course it 
should take in regard to setting up 
methods for exploration. It is discussing 
the value of setting up definition of terms 
used in soil investigations. 

Subcommittee on R-3 on Physical Char- 
acteristics of Soil (H. Allen, chairman) 
held a meeting in June, 1949. The or- 
ganization of the subcommittee was 
completed during the year and the three 
sectional committees (A, B, and C) are 
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Bing functioning satisfactorily. During the 
__- year, Section A has prepared revisions of 
b Tentative Method of Test for Specific 
_ Gravity of Soils (D 854-45 T). Section 
A has also prepared a Proposed Method 
os of Test for Amount of Material Finer 
than No. 200 Sieve for Soil. As a third 
item the section has recommended the 
ha incorporation of tentative revisions’ into 
the Standard Method of Mechanical 
Analysis of Soils (D 422-39). These 
items have been submitted for letter 
- ballot to Subcommittee R-3 and have 
been approved. Section B on Atterberg 
Limits has prepared revisions of the 
Method of Test for Liquid Limit of Soils 
_ (D 423 -39) and Method of Test for Plas- 
tic Limit and Plasticity Index of Soils (D 
424-39) and will submit them to the 
subcommittee members during the next 
_ Annual Meeting. The revision of these 
methods should be completed during the 
next year. Section C on Moisture Content 
and Density, has prepared a question- 
- naire, by means of which it was hoped to 
develop desirable changes in Method of 
_ Test for Moisture-Density Relations of 
Soils (D 698-42 T). This section also 
gave consideration to the revision of a 

Proposed Method of Test for the Field 
- Determination of Density of Soil In 
Place. 

Subcommitiee R-5 on Structural Proper- 
ties of Soil (D. M. Burmister, chairman). 
—Sections A and C of this subcommittee 
held meetings during June, 1949. Section 
A on Consolidation has continued a pro- 

- gram of research and study in order to 
_ obtain basic information on consolidation 
for the purpose of setting up reasonable 
practical requirements and proce- 
dures for the consolidation test. No 
effective work was done by Section B on 
Direct Shear during the year. The chair- 
_ man of this sectional committee is plan- 
ning on compiling several articles relating 
to direct shear tests which have been 
printed during the past year. These arti- 
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cles will be submitted to sectional com- 
mittee members for their information and 
for discussion. Section C on Metliods of 
Testing Soils Under Triaxial Loading is 
sponsoring a symposium on Testing Soils 
Under Triaxial Loading which will be 
presented at the 1950 Annual Meeting. 
Subcommittee R-6 on Physico-Chemical 
Properties of Soil (E. F. Preece, chair- 
man).—This subcommittee is now com- 
pletely organized and functioning. At 
present, attention is being given only to 
the identification and measurement of 
physico-chemical properties. Significance 
and application will be the subject of a 
later phase of the work after the present 
work is much more advanced. In order to 
take advantage of the work that has been 
done, the membership of the subcommit- 
tee was selected to include authorities 
from those fields in which present 
knowledge was developed. Membership 
includes persons familiar with the agri- 
cultural, ceramic, engineering, instru- 
mentation, physical chemistry, and 
mineralogy phases of the work. The pro- 
gram for the coming year is concerned 
with the development of the procedures 
for the determination of the constants of 
composition, the initial phase of the 
broader subject of procedures for the 
determination of the constants of identi- 
fication. Coordinated assignments have 
been made for the following procedures: 
differential thermal analyses, spectro- 
scopic analyses, spectrographic analyses, 
petrographic analyses, chemical and 
X-ray diffraction analyses, and cationic 
exchange capacity determination. 
Subcommittee R-7 on Identification and 
Classification of Soils (G. W. McAlpin, 
chairman).—This subcommittee held 
meetings during June and October of 
1949. The subcommittee is acting as a 
committee for the preparation of a sym- 
posium at the 1950 Annual Meeting on 
the subject of Identification and Classi- 
fication of Soils. The committee is to give 
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consideration, after the Annual Meeting 
has been held, to the preparation of a 
written symposium on the above subject 
which will incorporate the papers pre- 
sented at the meeting, together with 
other papers necessary to give coverage 
to this important subject. The subcom- 
mittee is working toward the preparation 
of a tentative standard on soil nomencla- 
ture with respect to grain size. 
Subcommittee R-8 on Special and Con- 
struction Control Tests (H. F. Clemmer, 
chairman).—The various sectional com- 
mittees of R-8 have held meetings with a 
view to completing their organization and 
planning a program of work. The organi- 
zation of these sections is now complete 
and several of the sections have indicated 
progress in formulating a program of re- 
search to be carried on. Section D-1 of 
this subcommittee reported that the 
organization of their membership was 
completed during the year and that all 
soil cement standard testing procedures 
were reviewed and found to be in order. 
Subcommittee R-9 on Dynamic Proper- 
ties of Soil (R. K. Bernhard, chairman).— 
One meeting was held in June, 1950, dur- 
ing the Annual Meeting, where the scope 
outline was accepted. The scope is as 
follows: “The scope of this subcommit- 
tee includes compilation, study, and cor- 
relation of data pertaining to dynamic 
properties of soils. Characteristic dy- 
namic properties of soils to be studied 
are: elasticity, damping, standing and 
propagation waves, consolidation, settle- 
ment, densification, bedding values, etc. 
under dynamic loads, with or without 
static surcharges, and resonance phe- 
nomena of the vibratory systems. Meth- 
ods to determine these dynamic proper- 
ties are to be compared”. The following 
research projects are under discussion: 
(1) A Joint Highway Research Project, 
sponsored by the State Highway Depart- 
ment of New Jersey, the Bureau of Pub- 


lic Roads, and Rutgers University, re- 
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ferring, in particular, to the measurement 
of wave propogation and phase velocities 
in connection with the determination of 
the Young-Modulus, Shear-Modulus, and 
Bulk-Modulus of soils, and to pilot tests 
to determine soil densities by means of 
radio-active cobalt; (2) A research proj- 
ect, sponsored by the Rensselaer Poly- 
technic Inst. on soil density determina- 
tion by means of X-rays; (3) Experiments 
with ultrasonic waves (pulse technique) 
in soils, referring to their propagation 
velocities; and (4) Tests with pressure 
cells, and the measurement of pile fric- 
tion started by the Association of Amer- 
ican Railroads. 

Subcommittee R-10 on Bearing Tests of 
Soil In Place (L. A. Palmer, chairman of 
Section A; and A. E. Cummings, chair- 
man of Section B).—Section A.—This 
section held a meeting during June, 1949. 
Three separate loading test procedures 
were submitted by the sectional commit- 
tee for the A.S.T.M. Book on Testing of 
Soils. 

Section B.—This section held a meet- 
ing during June, 1949. Their work on a 
proposed tentative standard, A Method 
of Test to Determine the Load-Settle- 
ment Relationship for Individual Piles, 
has been submitted to the committee for 
action. 

Joint Subcommittee of Committee D-4 
and D-18 on Tests and Specifications for 
Stabilized Soils (H. F. Clemmer, chair- 
man).—There was no scheduled meeting 
of the joint committee during the year. 
The status of the specifications under the 
jurisdiction of the joint committee has 
been the subject of correspondence and 
the following recommendations made: It 
is recommended that the Method of Test 
for Shear Strength of Flexible Road Sur- 
faces and Fills by the Burggraf Shear 
Apparatus, (D916-47T) remain as 
tentative. Research on this method is 
still in progress and it is believed that it 
should remain as tentative until this 
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research is completed. Method of Testing 
Soil-Bituminous Mixtures (D 915 - 47 T) 
was considered by Section D-2 of Sub- 
committee R-8 of Committee D-18 and 
it was decided to determine by coopera- 
tive field and laboratory investigations 
whether or not this method is suitable, 
as now written, for use as a referee test 
method. It is recommended that this 
method remain as tentative until this 
research is completed. Specifications for 
Materials for Stabilized Base Course 
(D 556-40T) and Specifications for 
Materials for Stabilized Surface Course 
(D 557-40T), respectively, are being 
re-submitted to the committee for further 
study in order to correlate them with the 
latest A.A.S.H.O. specifications. It is 
recommended that these specifications 
remain as tentative until a report as to 
any recommended one may be 


received. 
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Subcommittee S-1 on Specifications and 
Methods of Tests (F. J. Converse, chair- 
man).—As individual standard subcom- 
mittees were not formed during the year 
to handle action on pending standards, 
this work was handled through the ap- 
propriate R subcommittee chairmen. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 92 voting members; 70 members 
returned their ballots, of whom 64 have 
voted affirmatively and 1 voted nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
E. J. KILcawLey, 
Chairman. 


R. F. BLANKs, 
Secretary. 


EDITORIAL 


Same to the Annual Meeting, Committee D-18 presented to the So- 
ciety through the Administrative Committee on Standards the following recom- 


mendations: 


New Tentative Method of: 


Test for Amount of Material Finer Than No. 200 Sieve for Soil (D 1140 - 50 T). 


Revision of Tentative Method of: 


Test for Specific Gravity of Soils (D 854 - 45 T). 


These recommendations were accepted by the Standards Committee on Sep- 
tember 26, 1950, and the new and revised tentatives appear in the 1950 Supple- 
ment to Book of ASTM Standards, Part 3. 

On December 14, 1950, the Administrative Committee on Standards accepted 
the recommendation of Committee D-18 that the Method of Test to Determine 
the Load Settlement Relationship for Individual Piles be published as tenta- 
tive. The new tentative method appears in the 1950 Supplement to Book of 
Standards, Part 3, the designation D 1145 OT. 
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INDUSTRIAL WATER! 


Committee D-19 on Industrial Water 
and its subcommittees held regular 
meetings in Atlantic City, N. J., June 30 
and July 1, 1949, and in Pittsburgh, Pa., 
March 2 and 3, 1950. Subcommittee VII 
on Water-borne Industrial Waste spon- 
sored a Round Table Discussion on “‘The 
Need for Standards for the Examination 
of Water-borne Waste,” presented dur- 
ing the Session on Water, June 30, 1949.2 

All of the methods under the juris- 
diction of Committee D-19 as of De- 
cember 1949, while available in Part 5 
of the 1949 Book of A.S.T.M. Standards, 
have also been published for convenient 
use in a desk-size, paper-bound volume 
under the title of “A.S.T.M. Standard 
Methods on Water,” December, 1949. 

The Executive Committee of the 
Joint Research Committee on Boiler 
Feedwater Studies, on which A.S.T.M. 
is represented as a sponsoring organiza- 
tion, held a meeting during the Annual 
Sessions of The American Society for 
Mechanical Engineers in New York, N. Y. 
on December 1, 1949. With the re- 
organization of the committee two years 
ago it became the policy of the committee 
to elect a new chairman and reconsider 
officers every two years. S. F. Whirl, 
formerly first vice-chairman, was chosen 
chairman. R. W. Seniff was advanced 
to first vice-chairman and E. P. Par- 
tridge was elected second vice-chairman. 
R. C. Ulmer was appointed secretary. 


™ 1 Presented at the Fifty-third Annual Meeting of the 
June 26-30, 1950. 

2 The discussion appears in the ASTM Butteti, No. 
162, December, 1949, and includes the following: Intro- 
duction, L. K. Herndon, p. 35; “Analysis of Water-borne 
Industrial Waste: The Need for Uni ormity in Methods 
of Analysis and Reporting,’’ G. D. Beal and S. A. Braley 


ing and Sampling Water-borne Industrial 
auck, pp. 37 to 43. 
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The chairmen of the three subcomit- 
tees previously organized are: Deposits, 
R. C. Bardwell; Steam Contamination, 
W. L. Webb; and Corrosion, J. W. 
Ryznar. 

During 1949, the Joint Research 
Committee co-sponsored sessions on 
water problems at the A.S.M.E. Semi- 
Annual Meeting in San Francisco; the 
Tenth Annual Water Conference, En- 
gineers’ Society of Western Penn- 
sylvania, in Pittsburgh; and at the 
annual meeting of the A.S.M.E. in 
New York. The committee is continuing 
its plans for the sponsoring of several 
sessions during the present year. The 
three subcommittees met at the con- 
clusion of the Executive Committee 
meeting and formulated plans for com- 
pletion of their organization and out- 
lined their objectives. 

The A.S.T.M. is represented on the 
Subcommittee on Care of Steam Boilers 
and Other Pressure Vessels in Service 
of the A.S.M.E. Boiler Code Committee. 
At an open meeting of this subcom- 
mittee, during the annual meeting of 
the A.S.M.E. on December 1, 1949, 
attended by members of both the 
chemical and mechanical sections, the 
chemical section approved without 
change the fifth draft of the “Proposed 
Revisions and Addenda to Suggested 
Rules for the Care of Power Boilers, 
Section VII of A.S.M.E. Boiler Con- 
struction Code.” This fifth draft con- 
tained a number of revisions made by 
the working group on the basis of sug- 
gestions received after the fourth draft 
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was published as information in Me- 
chanical Engineering, June, 1948. 

The chemical section voted to submit 
the fifth draft to the Boiler Code Com- 
mittee for approval not later than the 
annual meeting of the A.S.M.E. in 
1950. In the meantime, an attempt will 
be made to adjust some differences of 
opinion expressed by members of the 
two sections. 


TABLE L—DATA ON THE EFFECT OF IMPURITIES 
ON THE PROPOSED A.S.T.M. NON-REFEREE 
METHOD OF TEST FOR CARBON DIOXIDE IN 
INDUSTRIAL WATERS. 


n 
Eg Known Amounts of 
Impurities, ppm. Total CO: 
ple 7 Found, ppm. 
§ | - 
Sio:| Fe | Al | Mg 
20.5] ... .| 21.0 (avg. 10 
samples) 
Bites 26.0 27.0 (avg. 10 
samples) 
46.5 .| 46.5 (avg. 10 
samples) 
8.0 and 11.0 
59.0) 200) ... 56 
52.0) 200) ... 50, 52, 
51.5 
25 55, 54, 53, 52 
-| 54.8, 38. 
ENS 10.5} 200) ... 11.5, 11.0 
10.5} ...| 30 9.0, 10.0 
10.5) . ..-| 50 9.5, 10.0 
minations) 


® The first titration with 0.04 N HCI has to be carried 
out until the solution remains colorless for 30 sec. 
Roughly speaking about 10 min. is required with 25 
ppm. Mg. 


At present there are 99 members 
serving on Committee D-19, of whom 
38 are classified as producers, 39 as 
consumers, and 22 as general interest 
members. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, Max Hecht. 

First Vice-Chairman, 

Adams. 
Second Vice-Chairman, F. R. Owens. 
Secretary, Robert T. Sheen. 


Robert C. 
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New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following four 
methods, as appended hereto? 

Tentative Method of Test for Sodium 
and Potassium in Industrial Water —This 
method is a referee type method and 
describes a gravimetric procedure for the 


TABLE IL—EXPERIMENTAL DATA ON REPRO- 
DUCIBILITY OF THE PROPOSED REVISED 
A.S.T.M. METHODS FOR SILICA (D 859), 
RereREE Metnop Usinc Percutoric Acip, Five 
DETERMINATIONS OF KNOWN SOLUTION 
Wir 0.0122 g. 


SiOz, g. 
Value 
Pyrex Porcelain | Platinum 
Beaker Dish Dish 
0.0123 0.0115 0.0128 
0.0004 0.0011 0.0010 


REFEREE Ustnc Hyprocatoric Acip, NINE 
DETERMINATIONS OF KNOWN SOLUTION 
WITH 0.0122 g. SiO: 


SiOz, g. 


Value 


Porcelain Dish 


NoNREFEREE METHODS WITH KNowN SILICA SOLUTIONS 


Range of five Determinations on 
Separate Samples, ppm. 


Known SiO: Content, N 


ppm. Nonreferee 
Method A G.E.| Method B 
Spectrophotom- 


Spectrophoto- 
eter at 440 mu. | eter at 410 mu 


0.70 
0.80 


determination of sodium and potassium 
in industrial water. 

Tentative Method of Test for Electrical 
Conductivity of Industrial Water—This 
method is a referee type method for the 
measurement of ionized substances in 
water and is useful as a relative measure 
of dissolved solids in water. 

Tentative Method of Test of Hardness 
in Industrial Water—This method is a 

3 These new methods were accepted as tentative by the 


Society and appear in the 1950 Supplement to Book of 
ASTM Standards, Part 5. 
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soap titration procedure, one of several 
non-referee methods being prepared by 
the committee. 

Method for the Identification of Types 
of Microorganisms.—This procedure de- 
scribes the application of the biological 
microscope. The procedure was first 
published as information in the 1948 
annual report of the committee. 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following three tentatives be revised as 
indicated and continued as tentative: 

Tentative Methods of Test of Total 
Carbon Dioxide, and Calculation of the 
Carbonate and Bicarbonate Ions in In- 
dustrial Water (D513-48T)4*— The 
committee recommends the addition of 
the Strontium Chloride Method as a 
non-referee procedure, appended hereto.® 
See Table I for supporting data. 

Tentative Methods of Test for Silica in 
Industrial Water (D 859 - 47 T).*—The 
revised methods, appended hereto,* rep- 
resent a revision of both substance and 
form of the present tentative. See Table 
II for supporting data. 

Tentative Recommended Practice for 
A pplication of X-Ray Diffraction Methods 
To Water-Formed Deposits (D934- 
47 T).—The revised method, appended 
hereto,® represents a complete revision 
of both substance and form. 


ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that the 
following tentative be approved for 
reference to letter ballot of the Society 
for adoption as standard, with revision 
as indicated: 

Tentative Method of Test for Total 
Aluminum and Aluminum Ion in In- 
dustrial Water (D 857 - 48 T):* 


Section 2(b).—Add the following sentence: 
“Fluorine up to 0.0526 epm (1 ppm. as F.) does 
not interfere; at 0.2631 epm (5 ppm. as F.) a 

4 1949 Book of A.S.T.M. Standards, Part 5. 

5 The revised methods were accepted by the Society 


and appear in the 1950 Supplement to Book of ASTM 
Standards, Part 5. 
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slight amount of interference may be encountered 
giving slightly higher results, particularly when 
the color is measured photometrically.” 


New STANDARD 


The committee recommends that the 
Definitions of Terms Relating to In- 
dustrial Water, appended hereto,® be 
referred to letter ballot action of the 
Society for immediate adoption as 
standard. For greater convenience in 
use the committee has assembled various 
definitions under its jurisdiction, pre- 
viously scattered throughout several 
methods on Industrial Water, into one 
document. A few additional definitions 
have been added, but because nearly all 
of the definitions have already been 
adopted as standard as part of the 
various methods, the committee recom- 
mends the immediate adoption of the 
proposed Standard Definitions of Terms 
Relating to Industrial Water and ac- 
cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption the revision of the 
Standard Method of Reporting Results of 
Examination and Analysis of Water- 
formed Deposits (D933 -49),* expand- 
ing the method to include the reporting 
of chemical analysis and the results of 
examination by petrographic microscope 
and X-ray diffraction. The revised 
method is appended hereto,’ and the 
committee asks for a nine-tenths affirm- 
ative vote at the Annual Meeting in 
order that this recommendation may 
be referred to letter ballot of the Society. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 

* The new standard definitions were accepted by the 
Society and appear in the 1950 Supplement to Book of 
ASTM Standards, Part 5. 

1 The revised method was accepted by the Society and 
appears in the 1950 Supplement to Book of ASTM Stand- 
art 5. 
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- following four tentatives be continued 
a as tentative without revision, pending 
further study: 


Tentative Method of: 
_ Sampling Boiler Water from Stationary Boilers 
(D860 48 

‘Tentative Method of Test for: 
Sel Tron Bacteria in Industrial Water (D 932 - 47 T)* 
Nitrate Ion in Industrial Water (992 48 T)* 
_ Sulfate-Reducing Bacteria in Industrial Water 
Water-formed Deposits (D 993-48 T).‘ 
The recommendations appearing in 
: vile this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I, Advisory (Max Hecht, 
chairman) —held meetings on June 30 
and October 16, 1949, and March 3, 
1950. 

It approved the election of new 
members to the committee, the ap- 
pointment of Claude K. Rice, as chair- 
man of Subcommittee II, Editorial, and 
the report of the Nominating Committee, 
consisting of L. D. Betz, chairman, Orrin 
_M. Elliott and Roy F. Weston, for 
nominations of officers to serve the two- 
~ s year term starting July 1, 1950. 

It approved the organization of new 
sub-sections and the scopes for new 
Proposed methods. 

Two members of the subcommittee 
tendered resignations: E. P. Partridge, as 
chairman of Subcommittee II, Editorial, 
effective June 30, 1949, and R. E. Hall, 
as secretary of the committee, effective 
April 1, 1950. Appropriate citations have 
been recorded in the minutes of the com- 
mittee in recognization of the valuable 
services rendered by these two members. 

The officers sent to the family of the 
late Carter S. Cole, and to the Society, 
letters of condolence on his death in 


8 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at A 
Headquarters. 
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November, 1949. Mr. Cole, by virtue of 
his knowledge and judgment, served the 
committee as one of the Society ad- 
visors. 

A simplified policy was approved by 
the subcommittee for the processing of 
proposed methods and revisions through 
the committee. The following procedure 
is effective: When the substance of a 
proposed method or proposed revisions, 
are agreed upon by the section or sub- 
section, approvals will be made by 
the subcommittee chairman for sub- 
stance, by the committee chairman for 
policy, and by Subcommittee II chair- 
man for editorial form. 

When the subject matter has not been 
discussed at an earlier regular subcom- 
mittee meeting, the subcommittee chair- 
man may release drafts of the material 
to the subcommittee membership for 
comment and suggestions, but not 
necessarily for letter ballot vote. When 
the subject matter has been discussed at 
a subcommittee meeting, the subcom- 
mittee chairman may release the material 
in draft form to the entire membership of 
the committee for comment, suggestions, 
and letter ballot vote; the vote is to be 
interpreted as a concurrent action of the 
subcommittee and the committee. The 
material then is reviewed at a regular 
meeting of the subcommittee and of the 
committee, prior to offering the neces- 
sary recommendation from the com- 
mittee to the Society for publication and 
adoption. 

Subcommittee II, Editorial (Claude K. 
Rice, chairman)—This subcommittee, 
held no meetings during the year. See 
report of Subcommittee I, Advisory, for 
change in chairman. 

Section A on A.S.T.M. Manual on 
Industrial Water held meetings June 
29, 1949, and March 2, 1950. Drafts of 
seven of the nine chapters’ have been 


ama Am. Soc. Testing ae Vol. 47, p. 
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completed. J. A. Holmes was appointed 
to the Section to prepare Chapter III 
on “Difficulties Caused by Water in 
Industry,” and A. K. Light was ap- 
pointed to prepare Chapter VIII on 
“Analysis of Water-Formed Deposits.” 
The Section has scheduled the completion 
of these two chapters for June, 1950, 
and the complete editing of the Manual 
by December, 1950. The manuscripts 
will be submitted to the Society with the 
recommendation for publication early 
in 1951. 

Subcommittee III on Methods of Sam- 
pling (Orrin M. Elliott, chairman)— 
The subcommittee held meetings on 
June 30, 1949, and March 2, 1950. 
It recommended the continuation as 
tentative of Method for Sampling Boiler 
Water from Stationary Boilers, D 860 T, 
pending revision of substance. 

Current projects in Section A on 
Sampling of Water include the prepar- 
ation in draft form of a proposed method 
for Sampling of Water at Subatmospheric 
Pressure. The draft is currently being 
studied by the subsection. The second 
project is that of preparing a Proposed 
Specification for Sampling Equipment. 
The subsection has been enlarged, and a 
new chairman, R. A. Lorenzini, has 
assumed the project. The specification 
is to include all necessary equipment for 
the sampling of water, and of steam. An 
exhaustive study is being made to evalu- 
ate all of the items that are to be in- 
cluded in the proposed specification, and 
these include, among others, chemical 
composition and mechanical properties 
of readily available metals and alloys 
suitable for sampling, nozzles, lines, 
valves, fittings, and cooling coils, and 
weldability of such materials. Nominal 
designs of cooling coils will be developed. 

Area of heat transfer surfaces and the 
amount of cooling water required will be 
supplied in the form of curves. 

Section C on Sampling of. Steam re- 
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ported no revision in the Tentative 
Method of Sampling Steam (D 1066 - 
49T) and is awaiting the results of 
operating tests of the sampling nozzles. 
The chairman, B. J. Cross, reports that 
he attended a meeting of the A.S.M.E. 
Boiler Test Code Committee, and sub- 
mitted a copy of the above Tentative 
for study by that group. He further 
reports that the American Boiler and 
‘Affiliated Industries’ Standards Com- 
mittee has prepared a Fair Practice 
Code in which is incorporated methods 
for determining Steam purity, and’that 
this organization has included the follow- 
ing methods in the Code: Sampling of 
Steam (1066 T), Method. of Test for 
Suspended and Dissolved Solids in In- 
dustrial Water, (1069 T), Methods of 
Test for Total Carbon Dioxide, etc. 
(D 513 T), and the proposed Tentative 
Method of Test for, Electrical Conduc- 
tivity of Water, appended to this 
report." 

Subcommitiee IV on Methods of An- 
alysis (Frank E. Clarke, chairman).— 
The subcommittee held regular meetings 
on July 1, 1949, and March 3, 1950. 
It completed work on various methods 
and revisions of existing methods, re- 
ported elsewhere in this report, and 
recommended them for transmission to 
the Society for publication and adoption. 

Section A on Analytical Methods is 
proceeding with proposed revisions to 
methods of Test for Orthophosphate, 
etc. (D515) and Methods of Test for 
Dissolved Oxygen in Industrial Water 
(D 888 T). Progress is further reported 
on the methods for the following de- 
terminations, not as yet supplied to the 
subcommittee in final draft form: copper; 
clarity, turbidity, and color; chlorine; 
ammonia; fluoride; and matter extract- 
able with chloroform. The proposed 
methods for clarity, turbidity, and 


% The new method was accepted by the Society as 
tentative and a in the 1950 Supplement to A 
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color will be based on the light scattering 
effect (Tyndall effect), light image 
distortion, and spectrophotometric prop- 
erties, respectively. The following four 


new projects were authorized: deter- 
Px _ mination of hydrogen, hydrogen sul- 


fide, bromide and iodide, and prepara- 
_ tion of a master scheme for the analysis 
_ of all constituents in industrial water. 

Section B on Electrometric Methods, 
with the completion of the Method of 
Electrical Conductivity in Water, which 
is appended™, will survey the require- 
ments for procedures using electrometric 


methods. 


Section C on Special Methods has com- 
_ pleted the preparation of two methods: 
Microorganismsand X-ray Diffraction (D 

934 T) both of which are appended here- 
to” 

The section adopted rules for naming 
of compounds, published as a revision 
to Method of Reporting Analysis of 
Water-formed Deposits (D933), ap- 
pended to this report." 

Progress is reported on current pro- 


jects of this section, including proposed 


_ methods for the flame photometer (a 
non-referee procedure for sodium ‘and 
potassium); visual procedures for the 
spectroscope; and changing of the sub- 
section on Petrographic Microscope to 
Chemical Microscope, with change in 
scope to permit the use of chemical 
microscope for the study of deposits. 

Section D on Chemical Analysis of 
Water-formed Deposits reports the com- 


a pletion of an outline, preparatory to the 


insertion of necessary procedures for the 
complete chemical analysis of water- 
formed deposits. 

Subcommittee V on Classification, (S. 
K. Love, chairman).—The subcommittee 
held regular meetings on June 30, 1949, 
and March 2, 1950. It completed work on 
various methods, appended. 


1 The revised method was accepted by the Society and 
in in 1950 Supplement to Book of ASTM Sand- 
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The subsection on the preparation of 
a proposed specification for reagent- 
grade water was instructed to prepare 
specifications for: (a) use in procedures 
and processes where highest quality 
water is required, and (b) general pur- 
poses. 

Section B on Nomenclature and Ter- 
minology reviewed and approved vari- 
ous definitions submitted to it and 
organized the proposed Tentative Defini- 
tions of Terms Relating to Industrial 
Water, appended to the report.® 

Subcommittee VI on Methods of Testing 
(V. V. Kendall, chairman)—The sub- 
committee held regular meetings on 
June 30, 1949, and March 2, 1950. 

The subcommittee completed a pre- 
liminary drait of a Proposed Speci- 
fication for Substitute Ocean Water, 
approved by the subcommittee and the 
committee. The draft has been sub- 
mitted to the Advisory Committee on 
Corrosion for disposition. That com- 
mittee had requested Committee D-19 
to prepare and submit a simplified 
formula. 

A series of specifications covering 
service testing methods for tubular 
materials for various types of equipment 
and applications is in preparation. De- 
velopment of a program for the future 
work of the subcommittee is now in 
progress. 

Subcommittee VII on Water-Borne 
Industrial Wastes (L. D. Betz, chair- 
man).—The subcommittee held regular 
meetings on June 30, 1949, and March 
2, 1950. 

Section A on The Critical Constituents 
of Water-Borne Industrial Wastes, whose 
scope is the selection of key determina- 
tions on a specific waste by which it may 
be evaluated, has prepared a rather com- 
plete outline of.industries contributing 
water-borne wastes. It is hoped that 
each industry may be classified as to the 
character of its wastes and that a list 
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will be prepared of the important and 
key determinations that should be made 
on a waste from a particular industry so 
that the character of the waste may be 
evaluated. 

Section B on Methods of Analysis for 
Industrial Waste has organized 9 sub- 
sections, each charged to examine care- 
fully the best existing methods of an- 
alysis and to develop and prepare a 
proposed method. The methods of an- 
alyses under investigation at the moment 
are: suspended solids; turbidity and 
color; dissolved solids; acidity, alkalinity 
and pH; oxygen demand; taste and 
odor; chlorine demand; scum forming 
constituents; and toxicity to aquatic 
life. Three additional subsections, one 
on phenol, one on sulfur compounds, and 
another on cyanides are in the process of 
formation. Subcommittee IV has pre- 
pared methods on industrial water for 
several of these determinations. Such 
procedures will first be studied to de- 
termine if suitable changes may be in- 
corporated in the existing method of 
analysis to make it suitable for water- 
borne industrial waste. 

Section C on Methods of Sampling, 
Gaging, and Preservation of Samples 


has completed organization of two sub- © 


On INDUSTRIAL WATER 


EpITorRIAL Note 
Subsequent to the Annual Meeting, Committee D-19 presented to the So- 
ciety through the Administrative Committee on Standards the recommenda- 
tion that the Specifications for Substitute Ocean Water be published as tentative. 
This recommendation was accepted by the Standards Committee on Septem- | 
ber 26, 1950, and the new tentative specifications appear in the 1950 Supplement 
to Book of ASTM Standards, Past 5, bearing the D1141-SOT. 


sections. One subsection will study 
methods of sampling and gaging in- 
dustrial waste waters and the other will 
investigate methods of preservation of 
samples. 

Section D on Methods of Reporting 
Results of Analysis is being organized 
into four groups. The first group will 
study the reporting of analysis having 
to do with oxygen demand, acidity, and 
alkalinity of such wastes as pickle liquor, 
alkaline cleaning wastes, plating wastes, 
etc. The second group will cover the 
reporting of metallic and nonmetallic 
ions in water. The third group will cover 
the gaseous substances such as O, 
CO:2, SO2, H2S, etc. The fourth group will 
study the reporting of contaminants such 
as cyanides, chromates, phenols, oils, 
greases and other organic matter. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 99 members; 70} members 
returned their ballots, of whom 65} have 
voted affirmatively and 4 negatively. 


Respectfully submitted on behalf of 
the committee, 
Max HEcat, 


Chairman. 
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Sponsored by: 
Am. Soc. Testing Mats 


Edison Electric Inst. 


During 1949, the activities of the Joint 
Research Committee on Boiler Feed- 
water Studies were concerned chiefly 
with sponsorship of technical papers at 
various society meetings, organization of 
subcommittee personnel, and planning 
of subcommittee work for the future. 

At the Semi-Annual Meeting of the 
American Society of Mechanical En- 
gineers in San Francisco in June, a pro- 
gram was co-sponsored which consisted 
of five papers dealing with water prob- 
lems and practices on the West Coast 
and a research study on quality of steam 
condensate as related to sodium sulfite in 
the boiler water. In October at the Wa- 
ter Conference of the Engineers’ Society 
of Western Pennsylvania in Pittsburgh, 


the co-sponsored program consisted of’ 


four papers on water problems in start- 
ing a new station, problems of generating 
pure steam at high pressures, and deaer- 
ation of feedwater. Four papers were pre- 
sented at the co-sponsored session at the 
Annual A.S.M.E. Meeting in New York 
in December pertaining to hide-out of 
sodium phosphate in high-pressure boil- 
ers, make-up for high-pressure by-prod- 
uct steam plants, sulfite and silica in 
boiler water, and an automatic degasser 
for steam samples. 

The Joint Research Committee met in 
December during the Annual A.S.M.E. 
Meeting in New York. In line with com- 
mittee policy, Chairman W. C. Schroeder 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
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Am. Water Works Assn., and 


Am. Boiler a Assn. and Affiliated Industries, =] 
Railway Engineering Assn., 


retired to ex-officio status; the first 1 vice- 
chairman and the second vice-chairman 
advanced; a new second vice-chairman 
was elected, and a new secretary ap- 
pointed to replace T. H. Daugherty, who 
resigned. The officers and subcommittee 
chairmen are now as follows: 

Chairman.—S. F. Whirl, Chemical 
Operating Engineer, Power Stations 
Dept., Dusquene Light Company, 
Pittsburgh, Pa. 

Ist Vice-Chairman.—R. W. Seniff, Bal- 
timore and Ohio Railroad Co., Pratt 
and Arlington Avenues, Balti- 
more, Md. 

2nd Vice-Chairman.—E. P. Partridge, 
Director, Hall Laboratories, Inc., 
Pittsburgh, Pa. 

Secretary —R. C. Ulmer, E. F. Drew 
& Co., Inc. 15 E. 26th St., New 
York, N. Y. 

Subcommittee on Deposits (Chairman). 
—R. C. Bardwell, Supt. of Water 
Supply, Chesapeake & Ohio Ry. 
Co., Richmond, Va. 

Subcommittee on Corrosion (Chairman). 
—J. W. Ryznar, Technical Director, 
Nat. Aluminate Corp., Chicago, IIl. 

Subcommittee on Steam Contamination 
(Chairman) —W.L. Webb, Am. Gas 
& Elec. Service Co., New York, 
N. Y. 


Respectfully submitted on behalf of 
the committee, 


S. F. WHIRL, 
Chairman. 
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Commities D-20 on Plastics and its 
subcommittees held three meetings dur- 
ing the year: in Atlantic City, N. J., on 
June 29 and 30, 1949; in New York, 
N. Y., on October 31 and November 1, 
1949, and in Old Point Comfort, Va., on 
March 21 and 22, 1950. 

The committee has approved amend- 
ments to its Regulations to provide for a 
membership secretary, defining his duties 
of maintaining a complete membership 
list, as well as allowing the retiring chair- 
man to serve on the Advisory Com- 
mittee. 

The committee has under considera- 
tion the matter of participation in a 
Committee on Plastics being set up under 
the International Standards Organiza- 
tion. 

J. L. Williams was appointed chair- 
man of Subcommittee [IX to succeed 
L. A. Sontag, who resigned because of 
other duties. Committee D-20 held its 
election of officers at its March meeting 
with the following being elected for a 
two-year term, taking office at the close 
of the Annual Meeting in June, 1950: 

Chairman, G. M. Kline. 

First Vice-Chairman, H. W. Paine. 

Second Vice-Chairman, R. K. Witt. 

General Secretary, B. L. Lewis. 

Membership Secretary, T. J. Dietz. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee D-20 presented to the 
Society through the Administrative 


1 Presented at the aoe third Annual Meeting of the 
Society, June 26-30, 
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| 
Committee on Standards the recommen- 
dation that the Recommended Practice 
for Describing Form of Specimen and 
Direction of Testing Plastics be pub- 
lished as tentative. This recommendation 
was accepted by the Standards Com- 
mittee on September 14, 1949, and the 
new tentative recommended practice 
appears in the 1949 Book of A.S.T.M. 
Standards, Part 6. 

Revisions of the Tentative Specifica- 
tions for Nonrigid Vinyl Chloride Plastics 
(D 744-44T) were accepted by the 
Standards Committee on January 17, 
1950. The revised tentative specifications 
appear in the 1949 Book of A.S.T.M. 
Standards, Part 6. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is presenting for pub- 
lication one new tentative and is recom- 
mending the revision of two tentatives, 
adoption as standard of 14 tentatives 
with revisions in one of them, revision 
of two standards for immediate adoption, 
and the withdrawal of one tentative. The 
standards and tentatives affected, to- 
gether with the revisions recommended, 
are listed in detail in the Appendix. 

The committee has considered all of 
the other tentatives, not mentioned in 
the Appendix, which are under its juris- 
diction and which have been issued for 
two years or longer and recommends 
that they be continued in their present 
status as further revisions in them are 
contemplated. 


The recommendations in this report 
have been submitted to letter ballot of 
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Rice, 
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the committee, the results of which will 


be reported at the Annual Meeting? 


ACTIVITIES OF SUBCOMMITTEES 
This year has found all the subcom- 


on Optical Properties and on Specifica- 


tions, as well as on Analytical Methods, 


have expanded their work. Subcommittee 
XIV on Conditioning, which was for- 
_ merly known as the Joint Subcommittee 
_ on Conditioning of Committee D-9 and 
_ D-20, changed its designation to avoid 


confusion and for uniformity of title to 


conform with the same designation 
within Committee D-9. 

Subcommittee I on Strength Properties 
_ (M. E. Marks, chairman).—During the 
past year, the Section on Tensile and 
Compressive Strength has been active in 
revision of its methods. The Lnpact 
Strength Section is now studying the 
falling-ball method. Revision of the 
fatigue method is now under way, while 
the Section on Shear is studying a double 
shear method. The Section on Flexural 
Strength is developing revisions to its 
present method, as well as working on the 
determination of flexural strength of thin 
sheets. 

The Bonding Strength Section is work- 
ing on a new type of adhesive so that 
bonding strengths can be determined on 
other plastics such as silicone materials. 
Work is also progressing on a method for 
bursting strength of tubes in the Section 
on Bursting Strength. The Standard 
Method of Long-Time Tension Tests of 
Plastics (D 674 — 48) is being revised and 
will be submitted to the subcommittee. 
The Section on Dynamic Stress, which 
has just recently been organized, is pur- 
suing this problem. 

Subcommittee II on Hardness (R. B. 
chairman).—The Section on 
Scratch Resistance has been set up to 


2 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at 


study further a method of test, and some 
preliminary work has been done. The 
Method of Test for Resistance of Trans- 
parent Plastics to Surface Abrasion 
(D 1044 - 49 T) has now been in use for 
the past year, but round-robin studies are 
still being intensively pursued in different 
laboratories to establish a firmer basis 
on which the accuracy and the reproduc- 
ability of the tests can be obtained. 

The Section on Abrasion Resistance 
(Mechanical Effects) is carrying out ex- 
tensive work on a method, and two de- 
tailed progress reports have been sub- 
mitted by the chairman of this section at 
previous meetings. This work will be 
continued and other equipment will be 
tested on a comparison basis. 

Subcommittee III on Thermal Proper- 
ties (E. B. Cooper, chairman).—The Sec- 
tion on Deformation Under Load is pre- 
paring a test method, particularly applic- 
able to polyethylene. The Section on 
Flammability is running round-robin 
tests on flammability equipment in co- 
operation with a series of laboratories 
with a new method which is simpler to 
control and calibrate. Low-temperature 
brittleness tests are still continuing, and 
round-robin tests are being conducted on 
several types of machines at this time. 

Subcommittee IV on Optical Properties 
(G. W. Ingle, chairman).—The subcom- 
mittee is actively reviewing the possi- 
bilities of using the Method of Test for 
60-deg. Specular Gloss of Paint Finishes 
(D 523 - 48 T) to see if it is applicable 
to plastic materials. The Method of Test 
for Diffusion of Light by Plastics (D 636 
- 43) is being studied and will be revised 
within the next year. 

Subcommittee V on Permanence Pro- 
perties (W. C. Goggin, chairman) has 
been quite busy this past year. The study 
to be made for mounting films and 
samples for exposure to light has been 
discontinued, since commercial fixtures 


are available. 
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On PLastics 


The Method of Test for Water Vapor 
Permeability of Plastic Sheets (D 697 - 
42T) is being retained as tentative, 
awaiting completion of cooperative work 
with Committee E-1 on Methods of Test- 
ing in an attempt to coordinate tests on 
this subject. 

Further work is being carried on to 
revise the Method of Test for Resistance 
of Plastics to Chemical Reagents (D 543 
- 43). 

A method of measuring warpage of 
plastic sheets is in preparation. 

A modification of the Cartwright 
Method of determining gas permeability 
of plastic films will soon be proposed. 

Subcommittee VI on Specifications (F. 
W. Reinhart, chairman), has prepared 
and revised a number of specifications. 

Revisions of a number of specifications 
are under way, including those for: Cel- 
lulose Acetate Molding Compounds (D 
706 - 48 T), for Cellulose Acetate Buty- 
rate Molding Compounds (D 707 - 47 
T), for Nonrigid Vinyl Chloride Acetate 
Resin Plastics (D 742 - 46 T), and Nylon 
Injection Molding Compounds (D 789 - 
44 T). 

New tentative specifications for decor- 
ative plastic laminates, as well as for 
various plasticizers, are being prepared. 
Work is continuing on polyethylene, 
vinyl resins, cellulose propionate plas- 
tics, and alkyd molding compounds. 

The Tentative Specifications for Non- 
rigid Vinyl Butyral Plastics (D 745 - 44 
T) are being withdrawn. 

Subcommittee VII on _ Analytical 
Methods (D. E. Northrop, chairman) has 
been quite active during the past year. 
At the present time, test methods for 
vinyl chloride polymers and copolymers, 
as well as procedures for the determina- 
tion of plasticizer content of cellulose 
ester plastics, are under consideration. 
Work is continuing on other methods of 
testing plasticizers to be added to Ten- 
tative D 1045 - 49 T. 


Subcommittee VIII on Research (J. D. 
Ryan, chairman) is continuing its work 
on the fundamental aspect of impact and 
flow properties, as well as on the degrada- 
tion of plastics. 

The committee is continuing its func- 
tion of assisting educational institutions 
in an advisory capacity on research prob- 
lems suitable for investigation by grad- 
uate students. 

At the November, 1949, meeting of the 
subcommittee the following four papers 
were presented: 


“The Use of Electrical Measurements in the 
Study of Physical Properties of Plasticized 
Polyvinyl Resins,” by A. J. Warner,* 

“An Investigation of the Fatigue Behavior of 
Polystyrene,” by J. F. Throop, 

“Some Fundamentals of the Injection Molding 
Process,” by G. D. Gilmore, 

“Some Instruments for Measuring the Dynamic 
Mechanical Properties of Plastic Materials,’’ 
by L. E. Nielsen. 


At the March, 1950, meeting of the 
subcommittee the following three papers 
were presented: 


“Characteristics of Carbon Arc Light Sources 
for Accelerated Exposure Testing,” by W. 
W. Lozier, 

“Some Rapid Approximate Statistical Proce- 
dures,” by Frank Wilcoxon, 

“The Mechanism of the Degradation of Poly- 
amides,” by Frank W. Reinhart. 


Papers of an original nature are 
solicited by the committee for presenta- 
tion at future meetings. 

Subcommittee IX on Molds and Molding 
Processes (J. L. Williams, chairman) has 
been revising some of its methods and 
also has been working on mold procedures 
and molds for thermosetting materials, as 
well as thermoplastic molding materials. 
Work is continuing in the subcommittee 
on the design of a compression mold for 
making phenolic tensile specimens. 

This subcommittee prepared the new 


3 ASTM Buttetin, No. 165, April, 1950, p. 53 (TP79). 
« ASTM Boutetin, No. 165, April, 1950, p. 48 (TP74). 
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Tentative Recommended Practice for 
Injection Molding of Specimens, of Ther- 
moplastic Materials appended hereto.’ 
_ Work has been initiated during the past 
A year which includes a new apparent dens- 
ity and bulk factor test for granular plas- 
materials. 

Subcommittee X on Definitions, No- 
_ menclature, and Significance of Test (G. 
W. Clark, chairman) is still continuing 
its work on definitions of sheet, contin- 
uous sheet, and film. The following terms 
are being reconsidered by the subcom- 
mittee: “thermoset” noun; as well as 
“thermoelastic” and ‘‘quasi-thermoelas- 

The Section on Significance of Tests 
will now be entitled Correlation of Terms 
_ and Definition. This section will handle 
correlation with the special committee 
- appointed by Committee E-1 and will 
correlate definitions within Committee 


iety appears in the 1950 Supplement to Book o 
ASTM Standards, Part 6. 


REporRT OF COMMITTEE D-20 


D-20 and between Committee D-20 and 
other technical committees of the 
Society. 

The Tentative Descriptive Nomen- 
clature of Objects Made from Plastics 
(D 675 - 45) is under revision and the 
changes will include pictures for illus- 
trating the visible characteristics of a 
plastic object. 

This subcommittee functions jointly 
for Committees D-9 and D-20. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 168 members; 101 members 
returned their ballots, of whom 91 voted 
affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
G. M. Kine, 
Chairman. 
B. L. Lewis, 
Secretary. 


In this Appendix are given a list of 
one new tentative, proposed revisions in 
two standards and of two tentatives cov- 
ering plastics which are recommended as 
referred to earlier in this report. In addi- 
tion it includes recommendations for the 
adoption as standard of 14 tentatives and 
the withdrawal of one tentative. The 
tentatives and standards in their present 
form appear in the 1949 Book of 


A.S.T.M. Standards, Part 6. Se 
ee 


The committee recommends the fol- 
lowing one new tentative for publication 
as appended hereto.! 


NEw TENTATIVE 


Tentative Recommended Practice for 
Injection Molding of Specimens of 
Thermoplastic Materials: 


The committee is recommending this 
injection molding procedure, considering 
the wide usage of injection molds today, 
for obtaining uniform test specimens 
under like conditions. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
in the following two tentatives: 


Tentative Specifications for Melamine- 
Formaldehyde Molding Compounds 
(D 704 - 44 T): 

The committee recommends that these 
specifications be revised as appended 
1 The new tentative specification was accepted by the 


Society and appears in the 1950 Supplement to Book of 
ASTM Standards, Part 6. 


hereto. These specifications are being 
revised to include seven instead of four 
types so that the present range of com- 
mercial melamine molding compounds 
are covered adequately. 


Tentative Specifications for Molds for 
Test Specimens of Plastic Molding 
Materials (D 647 - 49 T): 


An alternate design of injection mold 
using ejector pins is recommended as an 
addition to these specifications so that a 
straight cavity mold can be used to mold 
test specimens. A further revision also 
recommended provides a mold for injec- 
tion molding of test specimens for de- 
termination of weld strength. The details 
of these two new molds are appended to 
this report.? 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following 14 tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard, with revision in 
one as indicated: 


Tentative Specifications for: 


Vinyl Chloride-Acetate Resin Plastic Sheets 
(D 708 - 44 T), 

Vinyl Chloride-Acetate Resin Molding Com- 
pounds (D 728-44 T), 

Cast Allyl Plastic Sheet, Rods, Tubes, and 
Shapes (D 819 - 45 T). 


Tentative Methods of Test for: 
Luminous Reflectance, Transmittance and Color 
2The revised specifications were accepted by the 


Society and appear in the 1950 Supplement to Book of 
ASTM Standar s,Part6. 
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of Plastic Materials (D 791 — 44 T), revised as 
appended hereto.* 

Measuring the Molding Index of Thermosetting 
Molding Powder (D 731-48 T), 

Stiffness in Flexure of Plastics (D 747 - 48 T), 

Resistance of Plastics to Accelerated Service 
Conditions (D 756 - 46 T), 


= Rockwell Hardness of Plastics and Electrical 


Insulating Materials (D 785-48 T), jointly 
with Committee D-9, 
Specific Gravity of Plastics (D 792-48 T), 


_ Apparent Density and Bulk Factor of Non- 


pouring Molding Powders (D 954-48 T), 
Measuring Shrinkage from Mold Dimensions of 
Molded Plastics (D 955 —- 48 T). 


Tentative Recommended Practices for: 


Molding Specimens of Amino Plastics (D 956 - 
48 T), 


. Determining Mold Surface Temperature of 


Commercial Molds for Plastics (D 957 — 48 T), 
and 

Determining Temperatures of Standard A.S. 
T.M. Molds for Test Specimens of Plastics 
(D 958 - 48 T). 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends that the 
following two standards be revised im- 


_ mediately as indicated and accordingly 


requests the necessary nine-tenths af- 
firmative vote at the Annual Meeting in 
order that these recommendations may 
be referred to letter ballot of the Society. 


Standard Methods of Test for Index of 
Refraction of Transparent Organic 
Plastics (D 542 - 42): 

New Section.—Add the following as a 
3The revised method was accepted by the Society and 


appears in the 1950 Supplement to Book of ASTM Stand- 
ards, Part 6. 
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new Section 2 on significance of test, re- 
numbering the subsequent sections 
accordingly: 

2. Significance.—This test measures a fun- 
damental property of matter useful for control 
of purity and composition, for simple identifi- 
cation purposes and for optical parts design. It 
is capable of much greater precision than ordi- 
narily required. The refractometric method is 
accurate to four significant figures. The micro- 
scopic method, which is dependent upon the 
operator’s skill in determining focus, is usually 
accurate to only three significant figures. 


Standard Method of Test for Surface 
Irregularities of Flat Transparent 
Plastic Sheets (D 637 — 43): 


New Section.—Add the following as a 
new Section 2 on significance of test, re- 
numbering the subsequent sections 
accordingly: 


2. Significance.—This test provides empirical 
results useful for control purposes and for corre- 
lation with service applications. The accuracy 
is much greater than required for most applica- 
tions, but it is not expected to measure micro- 
scopic defects or the optical perfection of sur- 
faces in terms of wave length of light. 


WITHDRAWAL OF TENTATIVE 


Tentative Specifications for Nonrigid 
Vinyl Butyral Plastics (D 745 — 44 T): 


The committee recommends that these 
specifications be withdrawn since only 
one of the eight grades covered by the 
specifications is being manufactured com- 
mercially, namely, that used in laminated 
glass. This type is adequately covered 
by an American Standard (Z26.1-1950). 
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REPORT OF COMMITTEE E-1 
ON 
METHODS OF TESTING! 


Committee E- 1 on Methods of Test- 
ing held two meetings during the year 
at A.S.T.M. Headquarters in Phila- 
delphia, as follows: on November 17, 
1949, and May 16, 1950. 

During A.S.T.M. Committee Week in 
Pittsburgh, Pa., February 27 to March 
3, meetings of Subcommittees 1, 2, 4, 
6 and 9, and Task Group B were held. 
Arrangements have also been made for 
meetings of Subcommittees 2, 5, 6, 9, 
14, 15, 21 and 22, and Task Groups 
A, B, and C during the 1950 Annual 
Meeting of the Society in June. 

The Board of Directors of the Society 
has appointed Messrs. T. S. Fuller, 
W. H. Fulweiler, H. F. Moore, and J. 
R. Townsend each for another term of 
three years as members of Committee 
E-1. 

A number of changes in subcommittee 
chairmanships have taken place since 
last year. J. R. Townsend resigned as 
chairman of Subcommittee 6 on In- 
dentation Hardness after directing the 
work of this subcommittee for the past 
20 years. R. H. Heyer has been appointed 
to serve as chairman of this subcom- 
mittee. C. E. Barnett resigned as chair- 
man of Subcommittee 11 on Sub-Sieve 
Testing after having held this position 
for 12 years. L. T. Work has accepted 
appointment as temporary chairman of 
this subcommittee. Robert Burns who 
served for 12 years as chairman of Sub- 
committee 14 on Conditioning and 


1 Presented at the Pilty-thied Annual Mosting of the 


Society, June 26-39, 1950. oe 


Weathering resigned and A. C. Webber 
has been appointed chairman of this 
subcommittee. Mr Webber is also 
chairman of the Joint D-9, D-20 Sub- 
committee on Conditioning. E. L. Ruh 
was appointed chairman of the reacti- 
vated Subcommittee 21 on Metalware 
Laboratory Apparatus, replacing W. 
H. Fulweiler who had accepted the 
chairmanship temporarily. 

The present officers of the committee 
have been re-elected for the ensuing 
term of two years. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee E-1 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Method of: 

Testing and Standardization of Etched Stem 
Liquid-in-Glass Thermometers (E 77 - 49 T), 
and 

Compression Testing of Metallic Materials in 
Sheet Form (E 78 - 49 T). 


Revision of Tentative Methods of: 

Compression Testing of Metallic Materials 
(E9-46T). 

Revision of Tentative Specifications for: 

A.S.T.M. Thermometers (E 1-48 T). 


These recommendations were accepted 
by the Standards Committee on Septem- 


ber 22, 1949, and the new and revised ten- 
tatives appear in the 1949 Book of A.S.- 


T.M. Standards; E77 and E 1 in Parts 
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7 4, 5 and 6; and E 78 and E 9 in Parts 
4 and 

i On January 17, 1950, the Administra- 
tive Committee on Standards accepted 

recommendation of Committee E-1 
that the A.S.T.M. Air Chamber Ther- 
mometer (A.S.T.M. Reid Vapor Pressure 
Test) (31 F) be withdrawn from the 
Standard Specifications for A.S.T.M. 


Thermometers (E 1 49). 
New TENTATIVES 


The committee recommends for pub- 
lication as gentative the Proposed 
Method of Verification and Classifica- 
ie tion of Extensometers, as appended 
hereto.” 

_ The committee recommends that the 
A.S.T.M. Butadiene Boiling Point ory 


in the Standard Specifications for mt S. 

T.M. Thermometers (E 1- 49). 
REVISIONS OF TENTATIVES 
* The committee recommends the fol- 

_ lowing revisions in two tentatives: 

Tentative Methods of Verification of 
= A Testing Machines (E 4 - 47 T): 
: Section 2(c).—Change this section to 
read as follows: “(c) Error.—In the 
: case of a testing machine, the value 
obtained. by subtracting the value indi- 
- cated by the calibrating device from the 
value indicated by the testing machine.” 
_ Section 8.—In the second sentence 
_ change “0.02 per cent” to read “0.1 
per cent.” In Note 2 change “0.02 per 
cent” to read “0.1 per cent” in the two 
places where it appears. 

Tentative Methods of Verification of 
Calibration Devices for Verifying Test- 
ing Machines (E 74 - 47T): 

Section 2.—Change “0.02 per cent” 
to read “0.1 per cent” in this section. 

Section 16.—Add the following note 


2 This method was accepted as tentative by the Society 
and appears in the 1950 to Book of ASTM 
Standards, Parts 1, 2, and 6 iar ia 
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to this section: “Nore.—These tests 
need not be made on a device previously 
found to comply with the requirements 
of this paragraph.” 


REVISIONS OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revisions 
in the Standard Specifications for A.S. 
T.M. Thermometers (E 1 - 49) and ac- 
cordingly requests the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that these recommen- 
dations may be referred to letter ballot 
of the Society. 

Section 7.—In the second sentence 
change “and the manufacturers’ name 
or trade mark” to read ‘“‘and the manu- 
facturer’s or vendor’s name or trade 
mark.” 

A.S.T.M. Partial Immersion Thermom- 
eler (1F - 49).—Change the top of the 
temperature range from “300 F.” to 
“302 F.”; also change the tempera- 
ture for the dimension from the ‘Top of 
the Thermometer to Graduation Line at”’ 
from “300 F.” to “302 F.” 

AS.T.M. Stability Test of Soluble 
Nitrocellulose (26C -42).—Revise this 
thermometer, as appended hereto.* 


ACTIVITIES OF SUBCOMMITTEES AND 
Task GROUPS 


Subcommittee 1 on Calibration of Me- 
chanical Testing Machines and Apparatus 
(B. L. Wilson, chairman) prepared the 
new Method of Verification and Classi- 
fication of Extensometers. Further con- 
sideration is being given to other changes 
in the Methods of Verification of Testing 
Machines (E 4 - 47 T) and in the Meth- 
ods of Verification of Calibration Devices 
for Verifying Testing Machines (E 74 - 
47 T), in addition to those recommended 
in this report. 

* This recommendation was accepted by the Society; 


the Standard Specifications in on form in 
the 1950 -; cre to Book of ASTM Standards, Parts 


3, 4, 5, and 6. 


On METHODS OF TESTING 


Subcommittee 2 on Effect of Speed in 
Mechanical Testing (P. G. McVetty, 
chairman).—A report of the Task Group 
on the Effect of Speed of Testing on 
Fatigue Test Results appears as Ap- 
pendix I. Another Task Group has been 
studying the speed requirements in 
A.LSI., Federal, Navy, and A.S.T.M. 
specifications in preparation for a pro- 
posed revision of Section 20 on speed 
of testing in the Standard Methods of 
Tension Testing of Metallic Materials 
(E 8-46). Contemplated changes in- 
clude a definite distinction between 
free-running cross head speeds and those 
measured under load, and the addition 
of the elasped-time method as another 
alternative for specifying testing ~peed. 
An attempt is being made to stimulate 
interest in the development of any 
possible general specification for speed 
of testing for products for which the 
A.S.T.M. committees on nonmetallic 
materials are responsible. No significant 
progress on this item can be reported 
at this time. 

As a supplement to the 1948 Sympo- 
sium on Speed of Testing, notes on the 
speed characteristics of various testing 
machines and speed effects in tests of a 
wide variety of materials were compiled 
and published in the October, 1949, 
ASTM Bouttetimyn. Work on the bib- 
liography on speed of testing has been 
continued by members of the staff of the 
National Bureau of Standards, and it 
is expected that the current list issued 
in 1947 will be brought up to date in 
1951. 

Subcommittee 3 on Elastic Strength of 
Materials (F. M. Howell, chairman).— 
Although the subcommittee has been 
quite active during the past year, it 
has no completed action to report other 
than its recommendation to Committee 
E-1 of the following statement of its 
scope: “To implement the functions of 


Committee E-1 as applied specificall 


to the initiation, conduct and report of 
work upon the determination of elastic 
properties of materials and to prepare 
methods of determining such properties; 
to standardize the nomenclature and 
definitions used in or relating to testing 
methods and instruments.” 

There are two task groups actively 
working on their assignments. The first 
of these is a joint task group under the 
chairmanship of P. G. McVetty that is 
concerned with the correlation of defi- 
nitions relating to testing methods and 
instruments. It has made considerable 
progress in its work of standardizing 
definitions and is expected to report 
to the subcommittee at its next meeting. 
The second task group under the chair- — 
manship of Walter Ramberg is making 
a survey of the work that has been done 
in determining the elastic constants of 
materials and is eventually to recommend 
suitable methods for the determination — 
of such constants. 


Subcommitice 4 on Tension Testing 


(R. L. Templin, chairman).—During 
the past year the subcommittee has 
endeavored to obtain representation 
from all of the A.S.T.M. committees 
concerned with the subject of tension 
testing. This has resulted in an increase 
in the number of members and has 
brought to the subcommittee viewpoints 
which were not previously represented. 

Intensive work has been carried out — 


on a revision of the Standard Methods © ; 


of Tension Testing of Metallic Materials 
(E 8 — 46) with the idea of incorporating 
in those methods requirements for the 
testing of metallic materials not suitably 
covered at present, so that separate 
tension testing methods, such as those 


for steel spring wire (A 318 — 48 T) and it 


for copper rods and bars (B 220 — 48 T), 


will not be necessary. It is hoped that — i 
this revision of Standard Methods ES | 


can chy completed during the coming 
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mess (R. H. Heyer, 


Consideration has also been given 
- to the testing of thin metallic materials, 
although at the present time there are 
no purchase specifications for such prod- 
ucts. A paper on “The Mullen Bursting 
Strength Test as a Means of Determin- 
ing the Strength of Annealed Aluminum 
Foil,” was presented by W. C. Aber 
and F. M. Howell at the Pittsburgh 
meeting of this subcommittee. The paper 
_ appears in Appendix II to this report. 
A task group has been appointed to 


_ study further the tension testing of 
metallic materials less than 0.005 in. in 
thickness. 


Subcommittee 6 on Indentation Hard- 
chairman).—This 
_ subcommittee has undertaken several 
active programs for revisions of existing 
_ standard methods and development of 
new hardness test methods and hardness 
conversion tables. 

A group under the chairmanship of 
_R. D. France prepared a proposed re- 
- vision of the Standard Method of Test 
for Brinell Hardness of Metallic Ma- 
terials (E 10 - 27).** This revision provides 


_ for use of the 1500-kg. load for metals of 


_ intermediate hardness, in addition to 
~ the 500 and 3000-kg. loads now covered. 
Another important change covered lim- 
its for use of various balls, recommend- 
ing a steel ball on material having a 
Brinell hardness number not over 450, 
a Hultgren ball for not over 500 and a 
carbide ball not over 630. Suggested 
loads in the revised methods are based 
on the fol owing hardness limits: 3000-kg. 
load 160 to 600 B.H.N., 1500-kg. load 


between 300 and 80 B.H.N., and 500-kg. 
load between 100 and 26 B.H.N. 


A group headed by V. E. Lysaught has 
prepared a new hardness conversion 
table for nickel and high-nickel alloys 
for consideration by the subcommittee 
- at its June, 1950, meeting. 

The subcommittee is sponsoring the 


See E Editorial Note, p. 420. 
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technical paper by Frank W. Hussey, 
“Rockwell C Hardness on Cylindrical 
Steel Specimens.” 

Investigation of minimum thickness 
of materials for Rockwell hardness 
testing is under way, as part of the ac- 
tivities of a group working on revision 
of the Standard Methods of Test for 
Rockwell Hardness and Rockwell Super- 
ficial Hardness of Metallic Materials 
(E 18-42). Investigations are being 
made to obtain data for possible revision 
of the Tentative Hardness Conversion 
Tables for Steels (E 48 — 43 T). 

A tentative method for diamond pyra- 
mid hardness tests is being developed 
and the need for a rapid method of ball 
indentation hardness testing is under 
consideration. 

Subcommittee 8 on Flexure Testing (H. 
F. Clemmer, chairman) has completed 
and is now studying Proposed Methods 
for Making Three-Edge Bearing Tests 
of Pipe, which are intended to measure 
the resistance of pipe to crushing, being 
particularly applicable to cast iron and 
concrete pipe, drain tile, etc. Comments 
received thus far have indicated that 
some revision is necessary but the sub- 
committee hopes to be able to present 
this method to Committee E-1 during 
the coming year. 

Subcommittee 9 on Rheological Proper- 
ties (W. F. Fair, Jr., chairman) has 
been active through its several task 
groups as summarized herewith. 

The Task Group on Absolute Viscosity 
Measurements (W. F. Fair, Jr., chair- 
man) has in preparation a pamphlet 
containing discussions of the various 
principles by which absolute viscosity 
may be determined and describing in 
detail several viscometers that illustrate 
these principles. Information on the 
following 21 methods has been compiled 
and will be considered by the task group 
at its at its June, 1950, meeting: 

p. 1 p. 1176. 


. Capillary Viscometers: 
Absolute 


Cannon-Fenske........... 
. Bingham & Murray. . 

. Koppers. . 
. Bingham Plastometer....... 


10? to 10” 


. Falling Object Viscometers: 
1. Falling Sphere 
2. Hoeppler. . 
3. Falling Cylinder. . 


10? to 108 
. 10~* to 104 
10* to 10 


. Rotational Viscometers: 
. Brookfield 


107? to 10 
10 to 108 
107? to 108 
1 to 10 
10? to 105 
10* to 108 
to 10° 


. Parallel Plate Plastometer to 10° 


. Vibrational Viscometers: 


1. Electro-mechanical  Trans- 


ucer 
2. Torsional Crystal Viscometer 1 


The Task Group on Use of Saybolt - 


Furol Viscosimeter for Asphaltic Ma- 
terials at High Temperatures (R. R. 
Thurston, chairman) has been study- 
ing a new high-temperature furol viscos- 
ity test for asphalts by a cooperative 
series of tests in seven laboratories on 
three samples at temperatures of 300, 
350, and 400 F. From the results re- 
ported to date, it appears that the re- 
producibility between laboratories is 
good considering the temperatures and 
the materials tested. The test results 
will be reviewed by the task group to 
determine whether further studies are 
necessary or if the method is ready for 
recommendation to Committee E-1 for 
publication as tentative. 

The Task Group on Softening Point 
(W. A. Kirklin, chairman) is continuing 
its effort on the task of combining the 
two A.S.T.M. Ball and Ring Softening 
Point Tests D 36-26 (sponsored by 
Committee D-4) and E 28 — 42 T (spon- 
sored by Committees D-17 and E-1). 


oF TESTING 


General agreement has been reached 
on a draft of the combined method. 
Final recommendations are awaiting 
the outcome of a current cooperative 
study by Committee D-4 on the merits 
and details of stirring the heated bath 
during the test period. 

Of the interested committees, ob- 
jections have been received from only 
Committee D-1’s Subcommittee XI on 
Resins which has requested that the 
word “resin” be removed from the 
scope of the combined method pending 
its review of methods for determining 
softening point of resin. Resin was in- 
cluded in the scope of Method E 28 as 
a result of earlier studies by Committee 
D-17. 

Subcommittee 11 on Sub-Sieve Test- 
ing (C. E. Barnett, chairman) at two 
meetings held in Chicago, Ill., on June 
9, 1949, and June 8, 1950, reviewed the 
Tentative Recommended Practice for 
Analysis by Microscopical Methods for 
Particle Size Distribution of Particulate 
Substances of Subsieve Sizes (E 20- 
48 T). The subcommittee directed the 
Task Group on Optical Microscope 
(R. P. Loveland, chairman) to make a 
number of changes in this recommended 
practice. 

Three particle size methods under the 
jurisdiction of other committees have 
been reviewed. These are Method D 422, 
Test for Mechanical Analysis of Soils 
(Committee D-18); Method C 115, Test 
for the Fineness of Portland Cement 
by the Turbidimeter (Committee C-1); 
Method C 204, Test for Fineness of 
Portland Cement by the Air Permeabil- 
ity Apparatus (Committee C-1). It was 
concluded that there was no need for 
action by this subcommittee in respect 
to these three methods. 

The chairman was authorized to ap- 
point a series of temporary small task 
groups to consider individual methods 
of particle size measurement and to 
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recommend whether active work should 
be undertaken on any of them. 

Subcommittee 12 on Methods for Density 
(Wilmer Souder, chairman) considered 
a set of definitions relating to specific 
gravity and density of porous solids 
such as refractories. The definitions had 
been submitted by the British Ceramic 
Research Association. A number of 
comments received were forwarded to 

the British Association. 

‘ Members of the subcommittee have 
been supplied with a copy of the recent 
National Bureau of Standards publica- 
tion “Density of Solids and Liquids,” 
Circular 487, March 15, 1950, which 
will be found helpful on future prob- 
lems, as it reviews the devices and 
methods used in this field. The 79 
references will be appreciated by those 
seeking original material. 

Subcommittee 14 on Conditioning and 
Weathering (A. C. Webber, chairman) 
is continuing its efforts to promote the 
use by other committees of the estab- 
lished conditions for standard laboratory 
atmosphere of 23 + 1.1 C. (73.4 + 2 
F.) at a relative humidity of 50 + 2 
per cent. Several committees have 
adopted these standard conditions and 
made suitable changes last year in the 
standards under their jurisdiction. Other 
committees have the matter under 
consideration. 

The subcommittee plans to sponsor a 
Symposium on Conditioning and Weath- 
ering in order to bring together the vast 
amount of information and experience 
that has accumulated in the past several 
years. 

Subcommittee 17 on Thermometers (R. 
M. Wilhelm, chairman) completed a 
number of editorial changes in the 
Thermometer Specifications E1 and 
also developed the Method of Testing 
and Standardizing Thermometers (E 
77 — 49 T). It is presenting specifications 
for one revised standard thermometer 


and one new tentative thermometer 
as mentioned earlier in this report. 
Specifications for a set of 18 precision ° 
fractionally graduated test thermometers 
have been completed and will be pre- 
sented to the Society through the Ad- 
ministrative Committee on Standards 
subsequent to the Annual Meeting. 
Consideration is being given to a mer- 
cury thallium thermometer for low cloud 
and pour test and also to specifications 
for a thermometer for furol viscosity 
test at high temperatures. Further study 
is also being made of the new methods 
of testing thermometers and it is ex- 
pected that some changes will be recom- 
mended during the year. 

Subcommittee 18 on Hydrometers (J. 
P. Bader, chairman) has reactivated 
and reorganized its work. The personnel 
of the subcommittee is being enlarged to 
include representatives of manufacturers 
as special adviser members and repre- 
sentatives from other technical commit- 
tees interested in the use of hydrometers. 
The subcommittee has completed re- 
views of three Standard Methods of 
Test for: Gravity of Petroleum and 
Petroleum Products by Means of the 
Hydrometer (D 287 — 39), for Mechani- 
cal Analysis of Soils (D 422-39), and 
for Specific Gravity of Creosote (D 368 — 
33). A number of suggestions for im- 
provement o° the hydrometers used in 
these tests have been submitted to Com- 
mittees D-2, D-18 and D-7, responsible 
respectively for preparation of these 
methods 

Subcommitiee 19 on Glassware Labora- 
tory Apparatus (J. J. Moran, chairman) 
is cooperating with Committee D-2 on 
Petroleum Products and Lubricants on 
a project to consider the establishment 
of methods for calibrating cylindrical 
and pear-shaped centrifuge tubes. On 
the recommendation of this subcommit- 
tee, Committee E-1 plans to appoint a 
task group to standardize the nomen- 
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clature of porous filtering bodies and 
methods of test for determining the 
porosity of these filters. Considerable 
informal assistance has been rendered 
other technical committees in the prep- 
aration of specifications for laboratory 
glassware. 

Subcommittee 21 on Metalware Labora- 
tory Apparatus (E. L. Ruh, chairman) 
has been reactivated and reorganized 
under its new chairman. A number of 
manufacturers of this type of apparatus 
have been added to the committee as 
special adviser members and additional 
representation is being obtained from 
other A.S.T.M. technical committees. 
At its June 1950, meeting, plans will 
be made for handlng promptly and 
efficiently all of the matters that rightly 
come under the surveillance of this 
subcommittee. Consideration will be 
given to problems recently brought to 
the attention of the subcommittee. It 
will also consider the results of a survey 
being made of manufacturers and dis- 
tributors of laboratory apparatus and 
instruments through the cooperation 
of the Scientific Apparatus Makers of 
America. In addition, the members of 
the subcommittee are being asked, 
through a questionnaire, to propose any 
matters for attention of the subcom- 
mittee. 

Task Group A on Distillation Tests 
(H. P. Ferguson, chairman) held its 
organization meeting at Atlantic City 
on June 28, 1949, and discussed plans 
for rationalizing the differences between 
the present A.S.T M. Distillation Meth- 
ods D 86, D 268, D 850, D 1078, and 
D 216. At the initial meeting, the group 
was receptive to the idea of simplifying 
the test methods but emphasis was 
placed on the commercial implications 
of changes made without serious study. 

A survey of the various A.S.T.M. 
thermometers used in distillation tests 


will be reviewed by the task group at 
its next meeting. Progress in simplifica- 
tion here will aid the committee in its 
goal to correlate and simplify the present 
methods. 

Task Group B on Low-Temperature 
Testing of Elastomers and Plastics (R. 
S. Havenhill, chairman).—This task 
group was organized in June, 1949, 
in view of the urgent need for standardi- 
zation and correlation of research in 
the field of low-temperature testing of 
elastomers and plastic materials. Its 
scope includes an analysis of the testing 
methods now being used, both A.S.T.M. 
and others, in various research programs 
under way in industry, government 
agencies, and educational institutions. 
This analysis will include the extent 
as well as the suitability of present 
tests and will cover both the standardi- 
zation of present methods and the de- 
velopment of new standard methods. 
A questionnaire has been sent out to 
the various industries, government agen- 
cies, educational institutions, and re- 
search centers to determine what low- 
temperature tests are being used and 
whether present A.S.TM. tests are 
adequate. 

Task Group C on Water Vapor Perme- 
ability (R. Burns, chairman) at its 
organization meeting in June, 1949, 
appointed a section consisting of rep- 
resentatives of Committees C-16 on 
Thermal Insulating Materials, D-6 on 
Paper and Paper Products, and D-20 
on Plastics to review the existing meth- 
ods for water vapor permeability pre- 
pared by these committees. A proposed 
method prepared by the section is now 
under review in the task group. It is 
applicable to the testing of papers, tex- 
tiles, plastics, all kinds of building 
papers (roofing paper), building board, 
and 
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This report has been submitted to Respectfully submitted on behalf of 
letter ballot of the committee, which the committee, 


consists of 12 members; 12 members J. R. Townsenp, 


Chairman. 
returned their ballots, all whom Pp, J. Surrs, 
have voted affirmatively. Secretary. ; | 
a Subsequent to the Annual Meeting, Committee E-1 presented to the Society 
_ through the Administrative Committee on Standards the following recom- 
mendations: 
Pentative Revision of Standard Specifications for: wal 
Revision and Reversion to Tentative of Standard Method of: 45 
a | Test for Brinell Hardness of Metallic Materials (E 10 - 27). 


These recommendations were accepted by the Standards Committee on Sep- 
tember 26, 1950. Tentative Specifications E 10 appear in Parts 1 and 2 of the 
1950 Supplement to Book of ASTM Standards, and the tentative revision of 
E 1 appears in Parts 3, 4, 5, and 6 of the Supplement. te 


F THE TASK GROUP ON EFFECT OF SPEED OF TESTING ON 
FATIGUE TEST RESULTS 


At temperatures and stresses below 
those which cause continuing flow under 
a steady load, the effect of speed of test- 
ing, that is the effect of frequency of 
application of stress cycles to a specimen 
or a structural part, is relatively small. 
Above the “creep temperature,” the 
effect of frequency of cycles is, in general, 
much larger. This report, then, is divided 
into two sections. 


ErFEcT OF SPEED OF TESTING ON 
FatTiGue Test RESULTS FOR METALS 
TESTED BELOW THE “CREEP” 
RANGE OF TEMPERATURE 


A stress is not set up simultaneously all 
through a structural member but spreads 
from an exciting source through the 
member at the rate of » = +/Eg/w, 
where E is the modulus of elasticity, w is 
the weight per cubic inch of the metal, and 
g is the acceleration due to gravity. For 
steel this means that the stress travels 
through the metal at the rate of 17,200 ft. 
per sec. However, it is hardly to be 
expected that variations in the frequency 
of stress cycles would materially affect 
the endurance properties unless con- 
siderable heat is produced by damping of 
vibrations with resulting mechanical hys- 
teresis. Such heating does occur, espe- 
cially on large pieces, and in some cases it 
has been found necessary to test large 
rotating-beam specimens at a slow speed, 
or to use elaborate methods of cooling. 

Some further study of hysteresis, 
damping properties of metal, and speed 
of making fatigue tests seems desirable. 


Unless they are under simultaneous 
cyclic stressing and corrosion, small 
metal specimens which run below the 
“creep temperature” are not very seri- 
ously affected by varying frequency of 
stress cycles—at least between the limits 
of 200 to 7000 stress cycles per minute 
(1, 2, 3, 

Under conditions involving simul- 
taneous stress cycles and corrosion, the 
spread of damage seems to depend on 
time as well as on number of cycles of 
stress (5). Hence in slow-speed tests, 
specimens fail under fewer cycles of a 
given stress than is the case in high-speed 
tests. 

The dependence of damage by corro- 
sion on time as well as on number of 
stress cycles may explain why under cor- 
rosion-fatigue there seems to be no endur- 
ance limit for an indefinitely large num- 
ber of stress cycles. The S—N diagram is a 
downward sloping line even after hun- 
dreds of millions of stress cycles. No 
matter how long a corrosion-fatigue test 
continues, the corrosive liquid will form 
a thin skin of corroded metal, and the re- 
peated stress cycles may crack that skin, 
exposing fresh metal to the corroding 
liquid, and a spreading crack seems sure 
to lead “‘at long last” to fracture. 


EFFECT OF SPEED OF TESTING ON Fa- 
TIGUE TEST RESULTS FOR METALS 
TESTED AT TEMPERATURES UNDER 
CONTINUING FLOw OR 
“CREEP” Occurs 


Creep of metals is dependent on éime, 
while “fatigue” of metals is commonly 


1 The boldface numbers in parenthesis refer to the 


list of references appended to this report, see p. 424. 
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Fic. 1.—Reversed-Flexure Fatigue Tests of Structural Steel at 1200 F. 
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regarded as a function of number of 
stress cycles. Either creep or cycles of 
stress may cause a progressive fracture 
with greatly reduced ductility. Creep 
produces its fracture by a load continued 
for a length of time, while repeated stress 
cycles develop a spreading damage as 
some function of the number of cycles of 
stress applied. A structural part (or a 
specimen) may be subjected to creep con- 
ditions without repeated stress, but, 
above the minimum temperature to pro- 
duce appreciable creep, the part cannot 
be subjected to repeated stress without 
the occurrence of creep, and at length the 
fracture of the piece. This combined 
action of repeated stress cycles and of 
creep is somewhat similar in its destruc- 
tive effects to those of combined repeated 
stress and corrosion noted above. 

In the fatigue tests of steel at high 
temperature, reported by Toolin and 
Mochel (6), the S-N diagrams do not 
become horizontal but are downward 
sloping lines even after 100,000,000 
cycles of stress. 

If stress cycles are applied only a few 
times a minute, then for a given number 
of cycles the time will be longer and more 
structural damage will be done by creep 
than if stress cycles were applied at a 
higher frequency. This is illustrated in 
Figs. 1 and 2. In Fig. 1 (a), an ordinary 
S-N diagram is shown for structural steel 
with a carbon content of 0.17 per cent, 
the test being conducted at a tempera- 
ture of 1200 F.,—a temperature under 
which structural steel shows a quite high 
creep rate. One set of specimens was 
tested with a stress cycle frequency of 
200 per minute, and the other set was 
tested with a stress cycle frequency of 
2500 per minute. It will be noted that the 
S-N diagram for the 2500 cycle per 
minute tests lies distinctly above the S—-NV 
diagram for the 200 cycle per minute 
tests. 

In Fig. 1 (6), maximum stress is plotted 
as ordinates and time elapsed during the 
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test of a specimen as abscissas. For this 
particular metal at 1200 F., one stress- 
time diagram fits both the tests at 200 
stress cycles per minute and the tests run 
at 2500 cycles per minute. This coinci- 
dence is probably not significant, al- 
though it would seem to indicate that in — 
these particular tests creep was the domi- ‘ 
nant factor causing progressive fracture. ; 
In Fig. 1 (0), there is also shown a “‘stress- 
rupture diagram”’ for this metal, that is, 
a curve plotted with values of steady 
tensile stress as ordinates and of time for 
fracture as abscissas. This “stress-rup- 
ture diagram”’ is slightly “higher” than 
the stress-time diagram for the fatigue 
tests of the metal. Figure 2 shows results 
of tests of lead* strips tested in reverse 
flexure at room temperature (about 
74 F). It will be noted in Fig. 2 (a) that 
the lower the frequency of stress cycles 


the fewer the number of stress cycles 

were required for fracture under a given } 

maximum strain. For a reversed strain 4 
of +0.4 per cent applied at the rate of S| 
one cycle per minute, the number of 
cycles for fracture is only about one- 
quarter the number required if t+0.4 per 
cent strain is applied at the rate of 44 a 
cycles per minute, and only about one-— iy 
tenth the number required for 248 cycles t a 
per minute. : A 


strip tests are plotted on a strain-time 
diagram, as is done in Fig. 2 (6), it is seen 
that for a given magnitude of reversed 

cycle strain the fewer the stress cycles per . a 2 
minute, the longer the lime required for —— 
fracture. 

The data available today are not = 

nearly sufficient to warrant any quantita- 
tive statement of effects of combined 
creep and repeated stress or combined 
repeated stress and simultaneous corro- 
sive action. However, it is evident that 
in reporting fatigue test results the fre- 


However, if the test results for the lead E 4 


2Lead shows measurable creep at temperatures as 
ow as 32 F. 
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“quency of application of stress cycles 

should always be reported. 

SUGGESTED LINES OF FURTHER 
RESEARCH 


__ The following are suggested for future 
lines of research: 


1. Tests using various frequencies of 

stress cycle and various stress ranges 

_ during the cycle. Most test data available 
are for cycles of completely reversed 
stress. 


2. Tests of metals like aluminum and 
magnesium which show but a minute 
amount of creep at room temperature, 
but whose S—N diagrams frequently do 
not show an endurance limit for indefi- 


—@ T. T. Oberg and J. B. Johnson, “Fatigue 
- Properties of Metals Used in Aircraft Con- 
struction at 3450 and 10,600 Cycles,” 
Proceedings, Am. Soc. Testing Mats., Vol. 
37, Part II, p. 195 (1937). 

Q) Test Data from Talbot Laboratory, Uni- 

; versity of Illinois. 

(3) G. N. Krouse, ““A High-Speed Fatigue Test- 
ing Machine and Some Tests of Speed 
Effect on Endurance Limit,” Proceedings, 
Am. Soc. Testing Mats., Vol. 34, Part II, 
p. 156 (1934). 

‘ - (4) H. F. Moore and G. N. Krouse, “Repeated 

pa Stress (Fatigue) Testing Machines Used in 
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nitely large numbers of stress cycles,— 
that is, the S—N diagram continues to be 
a downward sloping line even after (say) 
500,000,000 cycles of stress. 


3. Tests of non-ferrous metals, plas- 
tics, and possibly ceramic materials and 
textiles. 


4. Tests to study the relation of damp- 
ing capacity of metals to the results of 
creep and fatigue tests at elevated 
temperatures. 


Respectfully submitted, A 
R.GoHN, 
F.M.Howeu, 
Bruce L. Witson, 


H. F. Moore, Cheirman. 
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The present Standard Methods of 
Tension Testing of Metallic Materials 
(E 8 — 46)? limit the use of the standard 
sheet tension test specimen to material 
not less than 0.005 ‘in. 


in nominal 


AL 120020009" 
Specimen Diem. | 


APPENDIX II 


THE MULLEN BURSTING STRENGTH TEST AS A MEANS OF DETERMINING 
THE STRENGTH OF ANNEALED ALUMINUM FOIL 


By W. C. ABER! AND F. M. Howe tt! 


the time the methods were formulated, 
there was no need for a method of test- 
ing material thinner than 0.005 in. 
Recently, however, there have been 
some indications that there should be 


Glycerine 


thickness. One reason for this is that it 
is appreciated that the testing of thinner 
material introduces some difficulties 
that either do not exist in the testing of 
thicker material or, if they do exist, they 
do not have an important effect upon the 
test results. Another reason is that, at 


1 Research Labs., Aluminum Company of America, 
New Kensington, Pa. 
2 1949 Book of A.S.T.M. Standards, Part 2, p. 993. 


Fic. 1.—Schematic Diagram Illustrating Apparatus for Making Mullen Bursting Tests. 


some means of evaluating the strength 
of thin metallic materials to assure a 
purchaser that he is getting material 
that has the same characteristics as 
material he has found satisfactory. 

In the tension testing of thin materials, 
the most difficult problem is to prepare 
suitable specimens. Generally they can- 
not be milled or shaped satisfactorily 
but must be cut to size and shape by 
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means of a shear. Such a shear must tension tests of annealed aluminum 
produce specimens that are free from foil to obtain data on its strength 
nicks, burrs, or discontinuities of any characteristics. The most suitable 
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Fic. 2.—Tensile Strength versus Thickness of Annealed Aluminum Foil. ¥ 
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Fic. 3.—Mullen Bursting Strength versus Thickness of Annealed Aluminum Foil. 


kind. Furthermore, there is another method is one that complies essentially 
important problem, that of applying with the requirements of A.S.T.M. 
load uniformly across the width of the Standard Method of Test for Tensile 
speciinen so that it will fail in pure Breaking Strength of Paper and Paper | 
tension rather than by a tearing action. Products (D 828 - 48).2 The speci- ( 
For many years we have made ~ Part4, p.989. 4, 
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Fig. 4, Mullen Bursting Strength versus Tensile Strength of Annealed Aluminum Foil. 
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Fic. 5.—Comparison of Plant Data on Production Lots of Annealed Aluminum Foil With Mullen 
Bursting Strength - Tensile Strength Curve. 


mens used are 4 in. wide by at least small to be seen by the unaided eye or cold 
10 in. long, and they must have smooth, working of the edges during shearing 
clean edges to give satisfactory results. have appreciable effects on the tensile 
Even small nicks and burrs that are too strength and elongation values obtained. 
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Because of the difficulties involved in 
obtaining satisfactory results from ten- 
; sion tests, other kinds of tests have been 
investigated in an attempt to find one 
that is not so critically affected by test 

specimen details. The most satisfactory 
test seems to be another of the tests that 
has for a long time been used in testing 
paper. This is the A.S.T.M. Standard 
Method of Test for Bursting Strength 
of Paper (D 774 — 46),* commonly known 
as the Mullen test. 
A schematic diagram illustrating ap- 
paratus for making Mullen bursting tests 
; a. is shown in Fig. 1. The specimen is 


rubber diaphragm which is the top cover 
of a reservoir completely filled with 
glycerine. In making tests, pressure is 
applied to the glycerine, usually by 
means of a moten-deiv en piston, which 


_ tures as soon as its bursting strength has 
_ been exceeded. The pressure exerted by 


glycerine. The Mullen bursting strength 
a value is the reading of the pressure gage 


One of the definite advantages of a 
- 7 _ test of this kind is that there i is no ~~ 


is deformed during the test. It has also 
been found that in the case of annealed 


the results of the much more costly ten- 
sile strength tests. 

To define the relation between bursting 
strength values and tensile strength 
values, 17 lots of annealed aluminum 


4 Ibid, Part 4, p. 956. 
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foil ranging in thickness from 0.00035 
to 0.005 in. were carefully tested by 
both methods. The tensile strength 
values plotted in Fig. 2 show the relation 
between thickness and tensile strength 
in pounds per inch of width. It will be 
noted that throughout the thickness 
range of 0.001 to 0.005 in. the increase 
in strength is proportional to the in- 
crease in thickness, but for thinner ma- 
terial the strength is less than is indicated 
by the straight-line relationship. A simi- 
lar plot of Mullen bursting strength val- 
ues against thickness is shown in Fig. 3. 
Here again there is a straight-line rela- 
tionship between Mullen _ bursting 
strength and thickness from a thickness 
of about 0.0015 in. up to a thickness of 
0.005 in. For thinner material, the burst- 
ing strength is proportionately less. 
From these two sets of data, the curve 
of Fig. 4 was drawn to show the relation 
between Mullen bursting strength and 
tensile strength. This curve is a straight 
line for bursting strengths greater than 
40 psi. This same curve is presented in 
Fig. 5 with the results of tension and 
bursting tests of some 200 lots of foil 
taken from commercial production over 
a period of about 15 months. They agree 
quite well with the curve, thus supporting 
the previously established relationship. 
Referring back to Figs. 2 and 3, it will 
be observed that the scatter of results 
is greater for the Mullen bursting 
strength values than for the tensile 
strength values. It should be appreciated, 
however, that the tension tests were 
very carefully made by a man who has 
had almost 20 years of experience with 
work of this kind and who is quite expert 
in detecting and discarding specimens 
with nicks, burrs, and other irregularities 
that would affect the results. No such 
care and experience is required to make 
bursting tests. If the machine is main- 
tained in good condition, even an in- 
experienced technician can obtain good 


| 
| and B, containing circular openings. Be- 
neath the lower plate B is a pure gum 
plies pressure to the specimen which rup 
the glycerine at the time of bursting 1s 
indicated by a hydraulic pressure gage 
] 


results. Even though there may be 
somewhat more scatter in results than 
is shown by very carefully conducted 
tension tests, the scatter is much less 
than might be encountered in tension 
tests when all precautions are not ob- 
served in preparing and making the 
tension tests. 

To make a tension test requires a 
shear for preparing specimens and a 
testing machine for testing them. To 
make a bursting test requires only a 
Mullen tester. The time required to make 
a bursting test is only about one-fourth 


> 


Mr. M. E. Marks.'—A.S.T.M. Com- 
mittee D-20 on Plastics has been coop- 
erating with the Society of the Plastics 
Industry in developing a test for deter- 
mining the strength of thin plastic 
films. At present it is believed that a 
test such as the Mullen bursting strength 
test may be useful. Would Mr. Howell 
care to comment as to the possibility of 
using his procedure for testing such films 
of plastic? 

Mr. F. M. Howe tt (author).—I am 
not in a position to comment on the 
usefulness of the Mullen test for very 
ductile thin plastic films, as we have not 
made any Mullen tests on such materials. 
As you know, this test has been used for 
years by the paper industry and has 
been found very useful in that field. 


1 Résearch Chemist and Supervisor of Organic Re- 
search Testing Lab., Columbia Chemical Div., Pittsburgh 
Plate Glass , Barberton, Ohio. 
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that required to make a tension test. 


The cost, therefore, both as to invest- te 
ment in equipment and man-hours to iN Py 
conduct the test is very much in favor 
of the bursting test. ioe 


It is believed that the relatively simple 
Mullen bursting strength test provides 
an adequate measure of the strength of ’ 
annealed aluminum foil, and it is recom- 
mended that for those demanding a 
specification requirement of strength, 
such requirement be based on the 
bursting strength rather than the tensile 
strength. 


Tals 


Mr. H. E. Smirg.*—One thing that 
perhaps may be worth while keeping in 
mind is that many Mullen testers are 
operated by hand, and I have found in 
testing heavy paper that it is hardly pos- 
sible to operate them uniformly enough 
to be sure of a fair application of the 
load. 

I would think that with thin metals, 
foils, etc., the same might apply, so it is 
desirable to operate the machine by a 
small electric motor. 

Mr. HoweEL_.—We find that the mo- 
tor-driven tester has several advantages, 
one of them being that the pressure is 
built up, if not at a uniform rate, at 
least in a reproducible manner. In test- 
ing aluminum we are fortunate that we 
have a material that is not particularly 
sensitive to the speed effect. Neverthe- 
less, we prefer a motor-driven tester. 


? Materials Engineer, White Plains, N. Y. 
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EMISSION SPECTROSCOPY! 


Committee E-2 on Emission Spectros- 


copy held two meetings during the year, 


the first at Atlantic City, N. J., on June 
28, 1949, and the second in Pittsburgh, 
Pa., on February 16, 1950. Meetings of 
the Advisory Committee also were held 
in Atlantic City, N. J., on June 27, 1949, 
in Buffalo, N. Y., on October 28, 1949, 
and in Pittsburgh, Pa., on February 16, 
1950. The membership of the committee 
is now 117, representing a net gain of 8 
members over last year. 

The committee recommends no change 
in status of its present tentative methods. 

Committee E-2 activities were carried 
out through the subcommittees, all of 
which were active. Considerable progress 
has been made in writing and reviewing 
suggested methods of analysis, which 
now total 48, which it is proposed to pub- 
lish as an E-2 Book of Methods. In addi- 
tion, the subcommittees considering the 
more fundamental aspects of spectro- 
graphic analysis have been organized into 
task groups that have completed several 
assignments and made substantial prog- 
ress in others. An account of these activi- 
ties during the year are given for each 
subcommittee. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee E-2 presented to the 
Society through the Administrative 


1 Presented at the third Annual'\Meeting of the 
Society, June 26-30, 1950 ; 


Committee on Standards the following 
recommendations: 


Withdrawal of Tentative Methods of: 


Quantitative Spectrochemical Analysis of High 
Grade Pig Lead (E 25 - 37 T), and 

Spectrochemical Analysis of Lead Alloys for 
Minor Constituents and Impurities (E 49 - 
43 T). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Apparatus and 
Equipment (R. W. Callon, chairman) has 
prepared a report on cooperative testing 
of a new S. A. No. I type photographic 
emulsion prepared by Eastman Kodak 
Co. The consensus of the group testing 
the emulsion was that it was more uni- 
form in contrast as a function of wave- 
length but that its reduced sensitivity 
was a marked disadvantage. The sub- 
committee, through a group headed by 
R. G. Russell, has been engaged in the 
writing of specifications and tolerances 
for spectrographic equipment. A pre- 
liminary report has been prepared and 
circulated within the subcommittee. The 
third activity of the subcommittee has 
been the revision of a report by G. A. 
Nahstoll on Location, Installation, and 
Safety Precautions for the Spectro- 
graphic Laboratory. This report is in final 
form for publication in the forthcoming 
Committee E-2 book of methods. The 
subcommittee plans further action on 
specifications for equipment and on the 
testing of experimental photographic 
emulsions. 

 Subcommities II on Fundamental Meth- 
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ods (R. W. Smith, chairman) has been 
organized into seven groups which have 
undertaken the preparation of suggested 
practices in basic procedures as follows: 
(1) R. A. Wolfe, C. H. Corliss, and G. H. 
Dieke prepared a report on the Speci- 
fication of Spark Generators which is 
ready for publication in the E-2 book of 
methods; (2) J. H. Coulliette prepared a 
report on Calculations in the Mutual 
Standard Method of Spectrochemical 
Analysis which is to be distributed to 
the subcommittee; (3) J. Sherman has 
prepared a 40-page recommendation for 
Evaluation of Precision and Accuracy in 
Spectrochemical Analysis; (4) C. Feld- 
man has undertaken the preparation of a 
report on Photometric Practices which 
is expected to be finished in about six 
months; (5) D. Fry has presented a pre- 
liminary report on Rapid Semi-Quanti- 
tative Spectrochemical Analysis but 
further work remains to be done in evalu- 
ating the methods; (6) M. F. Hasler is 
preparing a report on the Internal Stand- 
ard Method of Spectrochemical Analysis; 
and (7) H. A. Tuttle is preparing a Sug- 
gested Method for Photographic Proc- 
essing which will be included in the E-2 
book of methods. 

Subcommittee III, Editorial (C. L. 
Guettel, chairman) has been engaged 
principally in reviewing and editing the 
48 analytical methods prepared by 
Subcommittees V through X. Of these 
methods, 36 have been released by 
Subcommittee III and distributed to 
Committee E-2. It is expected that all 
of the methods will be ready for publica- 
tion by the end of the year. A report on 
The Available Translations and Trans- 
lating Services for Spectrochemical 
Analysis has been prepared by W. M. 
Henry and is to be edited for publication. 

Subcommittee IV on Standards and 
Pure Materials (C. H. Corliss, chairman) 
has been engaged in the revision of its 
Report on Standard Samples for Spectro- 
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chemical Analysis. This report which is 
published every three years“|by the 
A.S.T.M. will be released for publication 
within two to three months.” The report 
will include an expanded section on pure 
materials. 

Subcommittee V on Copper, Nickel, and 
Their Alloys (E. K. Jaycox, chairman) 
has prepared nine analytical methods 
covering the analysis of copper, nickel, 
bronze and admiralty metal. Four of these 
have been edited and distributed to Com- 
mittee E-2. 

Subcommitiee VI on Lead, Tin, Anti- 
mony, Bismuth and Their Alloys (E. J. 
Dunn, Jr., chairman) has prepared nine 
methods, of which six have been dis- 
tributed to Committee E-2. The methods 
cover tin and lead and various tin-lead 
alloys, including solder. 

Subcommittee VII on Aluminum, Mag- 
nesium and Their Alloys (J. R. Churchill, 
chairman) has prepared and edited three 
methods, of which two are for aluminum 
alloys and one is for magnesium alloys. 

Subcommittee VIII on Zinc, Cadmium 
and Their Alloys (A. Goldblatt, chair- 
man) has prepared six methods which 
have been distributed to Committee E-2. 
These include zinc, cadmium, and zinc 
die-casting alloys. 

Subcommittee IX on Ferrous Metals (P. 
R. Irish, chairman) has prepared ten 
methods covering the analysis of cast iron 
and low-alloy steel. The methods have 
been distributed to Committee E-2. 

Subcommittee X on Non-Metals (R. H. 
Bell, chairman) has prepared ten meth- 
ods which include the analysis of silica 
refractories, ceramics, alkaline earth ti- 
tanates, lithium-bearing ores, soda ash, 
silver nitrate, caustic soda, strike solu- 
tions (for silver), and _bright-nickel 
plating solutions (for Zn). 

The 48 suggested analytical methods 


2Issued as a separate publication, STP No. 58-A, 
October, 1950. 
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and four related reports, including that 
of the Joint-Committee on Nomenclature 
_ in Applied Spectroscopy, are expected to 
be submitted for publication to A.S.T.M 
within a few months. 


This report has been submitted to 
> letter ballot of the committee, which 


5 consists of 117 members; 76 members 
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returned their ballots of whom 68 have | 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
B. F. ScRIBNER, 
Chairman. 
Mary E. WarGa, 
Secretary. 


A report of Committee E-3 would not 
be complete without an acknowledgment 
of the loyalty and hard work evidenced 
by a large number of individuals who 
make up its membership. Any recital of 
statistics cannot do justice to the care- 
ful thought and critical review which 
have gone into the methods which 
finally appear under the sponsorship of 
this committee. These methods, even 
after they have been issued, are under 
constant scrutiny to keep them up to 
date and to eliminate weak points. 
The new edition of the Book of A.S.T.M. 
Methods of Chemical Analysis of Metals, 
which is now in preparation, will give 
evidence of the results of these efforts. 

A meeting of Committee E-3 was 
held at the Annual Meeting of the 
Society on June 29, 1949, which served 
to correlate the many activities of its 
divisions and subcommittees. 

The Advisory Committee, which serves 
as the clearing house for establishing 
the broad policies of Committee E-3 
between meetings, has held two meet- 
ings during the year: on June 26, 1949, 
at Atlantic City, N. J., and on February 
16, 1950, in Pittsburgh, Pa. 

The Advisory Committee has been 
concerned because a considerable number 
of members of Committee E-3 are not 
active in the work of the committee and 
efforts will be made to stimulate greater 
activity. 

1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 


The Advisory Committee approved 
the recommendation that the composi- 
tion range for an element to be deter- 
mined as given in the scope of E-3 
methods should be limited by the 
smallest amount, consistent with manip- 
ulative technique, that can be deter- 
mined by the method and the largest 
amount that can be found in the material 
and determined by the method. 

The Editorial Subcommittee (S. E. Q. 
Ashley, chairman) has been very active 
in reviewing broad editorial policies for 
Committee E-3 and in setting standards 
to be followed in the preparation, review, 
and final editing of analytical procedures. 
Tentative outlines to be followed in 
writing new methods and a routing plan 
to be followed in the review of methods 
have been circulated to the members of 
Committee E-3. Four meetings of the 
subcommittee have been held: at the 
International Testing Laboratories, Inc., 
Newark, N. J., on September 30, 1949; 
at the Chemists Club, New York, on 
December 16, 1949, and January 20, 
1950; and at Society Headquarters, 
Philadelphia, on April 12, 1950. Two 
members from each of Divisions F and 
N have been added to the editorial 
subcommittee to provide direct repre- 
sentation from these Divisions and to 
assist in the editorial review of methods 
originating within the Division. The 
following recommendations on broad 
editorial policies have been approved: 

Data obtained in analytical pro- 
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cedures should be “rounded off” to 
the desired number of places in ac- 
cordance with the rounding off method 
of the Tentative Recommended Prac- 
tices for Designating Significant Places 
in Specified Limiting Values (E 29- 
49 T),? Section 3 (d) through 

The final editorial review of a new 

method shall be made by the chairman 
of the division in which the method 
originates with the assistance of his 
representatives on the editorial sub- 
committee. 
A special task group has been set up 
by the editorial subcommittee to con- 
sider a reorganization of the arrange- 
ment of methods in the Book of A.S.T.M. 
Methods for Chemical Analysis of 
Metals. 

Nine new members were added to the 
committee during the year and two 
members resigned. The active member- 
ship of the committee is now 102. 

_ ; The election of officers for the ensuing 
years resulted in the following: 
Honorary Chairman, H. A. Bright. 

Honorary Vice-Chairman, C. B. Fran- 


Chairman, J. W. Stillman. 

te Vice-Chairman, Arba Thomas. 
= Secretary, H. Kirtchik. 
Members of the Advisory Committee 
_ At Large, J. L. Hague, Calvin Sterling. 


_ RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 
- ing, Committee E-3 presented to the 
Society through the Administrative Com- 
mittee on Standards the following recom- 
mendations: 


New Tentative: 

Photometric Method for Determination of 
Cobalt in Nickel (E 39-49 T), and 
Photometric Methods for Chemical Analysis 

of Aluminum and Aluminum-Base Alloys 

(covering the determination of chromium, 


2 1949 Book of A.S.T.M. Standards, All Parts. 
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copper, iron, manganese, nickel, and titan- 

ium) (E 34-49 T). 

These recommendations were accepted 
by the Standards Committee on Septem- 
ber 22, 1949, and the new tentative 
methods will appear in the 1950 Book 
of A.S.T.M. Methods on Chemical 
Analysis of Metals. 


New TENTATIVES 


The following new methods, when 
approved by Committee E-3, will be 
submitted to the Administrative Com- 
mittee on Standards for acceptance as 
tentative. 

Methods for the Chemical Analysis 
of Nickel-Copper Alloys, 

Methods of Chemical Analysis for 
Sulfur in Special Brasses.—These 
methods will be, in effect, a tentative 
revision of the Standard Methods of 
Chemical Analysis of Special Brasses 
and Bronzes (E 54-49) 

Methods for the Chemical Analysis 
of Antimony, 

Photometric Methods for the Chemical 
Analysis of Lead, Tin, Antimony, and 
Their Alloys, and 

Tentative Method of Chemical Analysis 
for Aluminum in Zinc-Base Die-Casting - 
Alloys.—This method will be, in effect, 
a tentative revision of the Standard 
Methods of Chemical Analysis of Zinc- 
Base, Die-Casting Alloys (E 47-45). 


REVISION OF TENTATIVES 


Revisions in the following tentatives, 
when approved by Committee E-3, will 
be submitted to the Administrative 
Committee on Standards. 

Tentative Recommended Practice for 
Photometric Methods for Chemical An- 
alysis of Metals (E60-46T); 

Tentative Photometric Method for the 
Determination of Boron in Steel (E 30- 
48 T).*—The revision consists of the 

3 1946 Book of A.S.T.M. Methods of Chemical Analy- 


sis of Metals. 
Issued as a separate reprint. 


addition of new methods for determining 
beryllium and tin in steel. 
Photometric Methods of Analysis of 
Aluminum Alloys (E 34-49 T).4—The 
revision of these methods consists of the 
addition of a procedure for the deter- 
mination of bismuth and several changes 


in the procedures already included in the’ 


methods. 

Photometric Methods for Chemical An- 
alysis of Magnesium and Magnesium- 
Base Alloys (E 61 - 46 T).2—The revision 
consists of the addition of new methods 
for determining copper and nickel in 
magnesium and magnesium-base alloys. 

Tentative Methods of Chemical An- 
alysis of Copper-Nickel and Copper- 
Nickel-Zinc Alloys (E '75 -49 T).A—The 
committee recommends the incorporation 
of the salicylate method for iron, formerly 


published under the designation 
E 63 - 46 T3 
Tentative Photometric Methods for 


Chemical Analysis of Copper and Copper- 
Base Alloys (E 62 - 46 T).’—The revision 
consists of the addition of a new method 
for determining silicon in copper-base 
alloys. 

Tentative Photometric Methods for De- 
termination of Iron in Slab Zinc 
(Spelter) (E 64 - 46 T).2—The committee 
recommends the deletion of the ferric 
chloride and salicylate methods from 
this tentative and the retention, with- 
out change, of the thiocyanate method. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


Committee E-3 recommends for im- 
mediate adoption the revision of the 
following recommended practice and 
accordingly asks for a nine-tenths af- 
firmative vote at the Annual Meeting 
in order that these recommendations 
may be referred to letter ballot of the 
Society: 

Recommended Practices for Apparatus 
and Reagents for Chemical Analysis of 
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Metals (E 50 - 48).’—The revision, which 
is appended,® consists primarily of a 
revised table of concentrations of acids 
and ammonium hydroxide, a revised 
section on hazards, and revisions in re- 
quirements for a number of reagents. 
There will also be added to Recom- 
mended Practice E 50, as an editorial 
revision (not appended), a table listing 
all the reagents used in the E-3 methods. 


WITHDRAWAL OF STANDARD 


It is recommended that the Standard 
Method of Sampling Slab Zinc (Spelter) 
(E 65-48)° be withdrawn since the 
procedure has been incorporated in the 
Standard Specifications for Slab Zinc 
(Spelter) (B 6 — 49),° which are under the 
jurisdiction of the A.S.T.M. Committee 
B-2 on Non-Ferrous Metals and Alloys. 


WITHDRAWAL OF TENTATIVES 


It is recommended that the following 
tentatives be withdrawn: 

Photometric Method for Determination 
of Bismuth in Pig Lead (E 58 - 45 T).2— 
This procedure is being incorporated in 
a revision of Methods of Chemical 
Analysis of Pig Lead (E 37 - 45)* which 
will be submitted to the Administrative 
Committee on Standards for publication 
as tentative. 

Photometric Method for Determination 
of Iron in 70-30 Copper-Nickel Alloy 
(E 63 - 46 T).3—A revision of the Tenta- 
tive Methods of Chemical Analysis of 


Copper-Nickel and Copper -Nickel-Zinc 


Alloys (E 75 — 49 T)‘ to incorporate this 


procedure will be submitted to the 


Administrative Committee on Standards. 


REVISION OF STANDARDS AND REVERSION 
TO TENTATIVE 


The committee contemplates recom- 


mending revisions of the following 
standards. The revised methods, when 


5 The revised recommended practices were accepted by 
the Society and eppeer | in the 1950 Book of ASTM Methods 
of Chemical Analysis of Metals, 
* 1949 Book of A.S.T.M. Standards, Part 2. 
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Metal Alloys (E 57 - 


approved by Committee E-3, will be 
submitted to the Administrative Com- 
mittee on Standards. 

Chemical Analysis of Pig Lead (E 37 - 
45),* with the inclusion of the former 
Photometric Method for the Deter- 
mination of Bismuth in Pig Lead 
(E 58-45 

Chemical Analysis of Lead-and Tin- 


Solder Metal (E 46 -49),3 


Chemical Analysis of White Bearing 

ar 

TENTATIVES CONTINUED 
WirHovut REVISION 


The committee recommends that the 
remaining tentatives, which have stood 
for two years or more without revision 
and which are listed below, be retained 
in their tentative status for further 
study: 

Tentative Recommended Practices for 
Apparatus for Chemical Analysis of 
Metals (apparatus for dead-stop end 
point, mercury cathode cell, and poten- 
tiometric titration) (E 50-48 T). 

Tentative Methods for the Polarographic 
Determination of Lead and Cadmium in 
Zinc (E 68-46T). 


ACTIVITIES OF DIVISIONS 
a AND SUBCOMMITTEES 


Division F on Ferrous Metals (Arba 
Thomas, chairman) held one meeting 
on June 27, 1949, during the Annual 
Meeting of the Society at Atlantic City. 
Officers for the ensuing two-year term 
were elected: Arba Thomas, chairman; 
J. L. Hague, vice-chairman; W. K. 
Aites, secretary. 

At the meeting held in June, 1949, all 
of the subgroup chairmen reported that 
they had completed their review of the 
present published Standard Methods for 
Chemical Analysis of Steel (E 30-47), 
of Ferro-Alloys (E 31-47), and Elec- 
trical Heating Alloys (E 38-48). Con- 
crete suggestions for the modification 
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of these procedures were presented. It 
appears that many of the present pub- 
lished methods can be replaced by en- 
tirely new ones that are of comparable 
accuracy and much less time-consuming. 
As the subgroups have completed their 
review assignments satisfactorily, it is 
planned to reorganize them and set up 
definite procedures for studying these 
new techniques. When sufficient satis- 
factory analytical data have been col- 
lected, the new techniques will be 
recommended for publication as tenta- 
tive. Many of these new procedures will 
probably be of the photometric type. 

As an immediate result of the thorough 
review of Methods E 30, E 31, and E 38, 
Division F is recommending a number of 
editorial revisions in which an effort 
has been made, where possible, to 
eliminate references to alternate pro- 
cedures within individual procedures, 
references to routine methods, and 
footnotes that were considered of an 
extraneous and sometimes confusing 
nature. In no instances is it felt that 
these revisions are changes in the sub- 
stance of the methods, and it is ac- 
cordingly recommended that the changes 
be made editorially before the next 
printing of the methods. 

The division has completed the prep- 
aration of proposed new tentative 
methods for the determination of tin 
and beryllium in steel. 

So far the subgroup responsible for the 
development of a satisfactory method for 
the determination of aluminum in stain- 
less steels and similar alloys has been 
unable to complete a satisfactory 
method. Two procedures have been 
studied but neither appears to fulfill 
the necessary requirements of accuracy. 

Division F has been requested to 
develop a standard A.S.T.M. method 
for the determination of magnesium 
(range 0.01 to 0.10 per cent) in nodular 
iron. A subgroup was appointed and is 
now working on this problem. 
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At the June, 1949, meeting of the 
division, it was the concensus that the 
current Methods of Chemical Analysis 
of Steel, Cast Iron, Open-Hearth Iron, 
and Wrought Iron (E 30-47) were 
entirely satisfactory for use with malle- 
able iron. This review was made in view 
of a question raised by Committee A-7 
on Malleable Iron Castings. 

The program planned for the next 
few years will keep the membership of 
Division F very busy, and it is antici- 
pated that the work planned will result 
in definite improvements in the present 
published methods. 

Division N on Non-Ferrous Metals 
(Clarence Zischkau, chairman) held one 
meeting, together with meetings of its 
subcommittees, at the 1949 Annual 
Meeting of the Society in Atlantic 
City. Officers for the ensuing two-year 
period were elected: Clarence Zischkau, 
chairman; W. C. Bowden, Jr., vice- 
chairman; and R. G. Ernst, secretary. 
Several meetings of local subgroups for 
special purposes have been held. 

In addition to the meeting in June, 
Subcommittee N-1 on Copper and Its 
Alloys (R. P. Nevers, chairman) held 
another meeting in Philadelphia on 
November 9, 1949. Methods for the 
determination of sulfur in special brasses 
and bronzes by both the evolution and 
combustion methods have been de- 
veloped. Progress has been made on 
methods for the analysis of copper- 
beryllium alloys and for the deter- 
mination of small amounts of aluminum 
in special brasses and bronzes. The 
immediate program is to finish these 
methods. 

Subcommittee N-2 on Lead, Tin, 
Antimony, Bismuth and Their Alloys 
(C. L. Luke, chairman) has held a 
number of local meetings throughout the 
year. The committee has prepared ex- 
tensive revisions of the current Methods 
for Chemical Analysis of Pig Lead 
(E 37-45), Solders (E46-49), and 
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White Metal Bearing Alloys (E 57 — 49). 
In addition new methods for the 
chemical analysis of antimony metal 
and photometric methods for the chemi- 
cal analysis of lead, tin, antimony, and 
their alloys have been prepared. 

Subcommittee N-3 on Aluminum and 
Its Alloys (K. C. Braun, chairman) has 
cooperated closely with Subcommittee 
N-7 in completing photometric methods 
for copper, manganese, titanium, chrom- 
ium, nickel, iron, and bismuth in alu- 
minum and aluminum-base alloys. Work 
is continuing on methods for small 
amounts of magnesium and zinc and on 
proposed photometric methods — for 
silicon. 

Subcommittee N-4 on Zinc and Its 
Alloys (R. K. Bell, chairman) has 
recommended an optional 8-hydroxy- 
quinoline method for aluminum in zinc- 
base die-casting alloys. Other revisions 
in the Standard Methods E 47 — 45 that 
the subcommittee has under consider- 
ation are provision for manganese in 
the present method for determining 
lead, an optional method for determining 
lead, a tannic acid method for deter- 
mining tin, controlled potential elec- 
troanalysis for determining cadmium, 
and a photometric periodate method for 
determining manganese. 

Subcommittee N-6 on Nickel and Its 
Alloys (Calvin Sterling, chairman) held 
a meeting in Newark on October 6, 
1949. As a result of this meeting, and 
following a review of cooperative tests, 
methods for the chemical analysis of 
nickel-copper alloys have been com- 
pleted. A task group under the chair- 
manship of Mr. G. V. Potter has been at 
work on methods for metals for elec- 
tronic uses and has prepared six pro- 
posed methods which have been pre- 
sented to Committee B-4 on Electrical 
Heating, Resistance, and Related Alloys 
for their information and review. 

Subcommittee N-7 on Photometric 
Methods (R. G. Ernst, chairman) has 
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been active along the following lines: 
cooperation with Subcommittee N-3 
in preparing photometric methods for 
the determination of copper, iron, man- 
ganese, chromium, nickel, titanium, and 
bismuth in aluminum and aluminum- 
base alloys; preparation of a new stand- 
ard form for the writing of photometric 
methods, primarily designed to remove 
ambiguity in connection with “reference 
solutions” and the use of the term 
“blank”; and preparation of a revision 
_ of the Tentative Recommended Practice 
for Photometric Methods (E 60 - 46 T) 
to take care of the new definitions 
necessitated by the new form for writing 
methods and to further clarify the term 
“blank.” 

Subcommittee N-9 on Magnesium 
and Its Alloys (V. A. Stenger, chairman) 
held a meeting in Midland, Michigan, on 
December 1 and 2, 1949. Methods for 
copper by the HBr-H;PO, method and 
for nickel by the dimethylglyoxime- 
extraction have been completed. A 
proposed photometric method for alu- 
minum is under consideration. Members 
of the subcommittee have participated 
in the collaborative analysis of NBS 
_ standard magnesium alloy 171. 
Division S on Sampling (J. P. Brull, 
chairman) held a meeting at the Annual 
Meeting in Atlantic City in June, 1949. 
Officers for the ensuing two year period 
were elected: J. P. Brull, chairman; W. 
C. Bowden, Jr., vice-chairman; and 
J. J. Aldrich, secretary. Division S held 
- another meeting on November 9, 1949, 
A.S.T.M. headquarters in Phila- 
_ delphia. At that time two subcommittees 
were formed: S-1, with E. J. Dunn as 
chairman, to be concerned with the 
Sampling of Ferro-Alloys; and S-2, 
with A. C. Holler as chairman, to be 
concerned with the Sampling of Non- 
Ferrous Alloys. A method for the 
“Sampling of Cast Non-Ferrous Metals 
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and Alloys for Determination of Chemi- 
cal Composition,” prepared by F. M. 
Barry and R. P. Nevers, was thoroughly 
discussed and revised. A task group from 
Division S with representatives from 
Committees B-2, B-5, B-6, and B-7 will 
be set up to review this method and 
complete its preparation during the 
coming year. 

Division G on General Analytical 
Methods (S. E. Q. Ashley, chairman) 
held one meeting together with meetings 
of its subcommittees at Atlantic City 
in June, 1949, in connection with the 
Annual Meeting. Officers for the ensuing 
two-year period were elected: S. E. Q. 
Ashley, chairman; J. H. Harley, vice- 
chairman; and H. Kirtchik, secretary. 
The subcommittees of Division G have 
been active in the review of methods in 
preparation for the new edition of the 
A.S.T.M. Book of Methods of Chemical 
Analysis of Metals and in revising those 
sections for which they are directly re- 
sponsible. Subcommittee G-1 on Rea- 
gents (T. C. Bryson, chairman) has 
prepared a master list of all reagents 
used in the A.S.T.M. publication with 
the thought in mind of eliminating 
different reagents which are used for the 
same analytical purpose. Subcommittee 
G-2 on Apparatus (T. L. King, chair- 
man) has prepared specifications on a 
number of pieces of apparatus and is 
making some definite proposals for 
balances. Subcommittee G-3 on Com- 
mon Procedures (J. H. Harley, chair- 
man) has set up comparisons of pro- 
cedures for carrying out the same 
determinations on different materials 
and has made recommendations for the 
elimination of minor and nonessential 
differences. Subcommittee G-4 on Pre- 
cision and Accuracy (H. B. Lea, chair- 
man) has been cooperating with Com- 
mittee E-11. A sample of monel metal 
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is being prepared for a statistical study 
in cooperation with Subcommittee N-6. 

Division G will sponsor a symposium 
on Electroanalytical Methods to be held 
in Cambridge, Mass., in the fall of 1950. 


This report has been submitted to 
letter ballot of the committee which 
consists of 102 members; 86 members 


mendations: 


New Tentative Method of: 
Chemical Analysis of Nickel-Copper Allo 


Chemical Analysis of Antimony Metal (E 86 - 


position (E 88 
New Tentative Photometric Methods for: 


E 35 - 50 T) 


Tentative Revision of Standard Methods of: 


Chemical Analysis of Pig Lead (E 37 - 45), 


Withdrawal of Photometric Method for: 


Determination of Iron in Lead- and 


EDITORIAL NOTE 
Subsequent to the Annual Meeting, Committee E-3 presented to the Society 
through the Administrative Committee on the recom- 


(E 76-50 T), 
Chemical Analysis for Sulfur in cial wag and Bronzes (E 54 - 50 )T), 


Chemical Analysis for Aluminum in Zinc-Base Da basting Alloys (E 47 - 50 T), and 
Sampling Non- “par y Metals and Alloys in Cast Form for Determination of Chemical Com- 


Chemical Analysis of Lead, Tin, Antimony and Their Alloys (E 87 - 50 T). a, sot =} 
Revision of Tentative Methods for: * one <2 


Chemical Analysis of Aluminum and Aluminum-Base Alloys (E 34-49 T), 
Chemical Analysis of Copper-Nickel and Copper-Nickel-Zinc Alloys (E 75 - 49 T). 


Revision of Tentative Photometric Methods for: 
Chemical Analysis of Magnesium and Magnesium-Base Alloys (E 61-46T) (Redesignated 


Chemical i. of Copper and Copper-Base me 62-46T), and 
Determination of Iron in Slab Zinc (Spelter) (E 64- 


Revision of Tentative Recommended Practice for: 
Photometric Methods for Chemical Analysis of Metals (E 60 - 46 T). 7 ial Bx, at 


Chemicai Analysis of Steel, Cast Iron, Open-Hearth Iron, and Wrought Iron (E 30 - 47). 
Revision and Reversion to Tentative of Standard Methods of: 


Chemical Analysis of Lead and Tin-Base Solder Metal (E 46 - 49), and 
Chemical Analysis of White Metal Bearing Alloys (E 57 - 49). 


Determination of Bismuth in Pig Lead (E 58 — 45 T) 
Determination of Iron in (70-30) Pper- -Nickel Alloy le 63 - 46 2). and 
in-Base Alloys (E 67 - 46 T). 


returned their ballots, of whom 85 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
D. R. Evans, 


J. W. STILLMAN, 
Secretary. 


These recommendations were accepted by the Standards Committee on Sep- 
tember 26, 1950, and the new and revised tentatives together with the tenta- 
tive revision of methods E 30 appear in the 1950 Book of ASTM Methods ada 
Chemical Analysis of Metals. 
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Committee E-4 on Metallography and 
most of its subcommittees held meetings 
during the spring meetings of the So- 
ciety at Pittsburgh, Pa., on February 
27 and 28, 1950. At this series of meet- 
ings, the electron microscope group, 
which joined Committee E-4 in 1949 
as its new Subcommittee XI, held its 
first meeting under the sponsorship of 
Committee E-4. The Committee re- 
ported, last year, the possibility of this 
affiliation. It has been accomplished, 
and subsequent developments may be 
noted in detail in the report of this sub- 
committee, appended hereto under the 
title “Report of Subcommittee XI on 
Electron Microstructure of Steel.” 

The present officers of Committee E-4 
were reelected to their present positions. 

Committee E-4 continues to show a 
net growth in membership each year, 
and is now pleased to report that it has 
91 members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee E-4 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


New Tentative Method for: 


Estimating the Average Grain Size of Wrought 
Copper and Copper-Base Alloys (E 79 - 49 T), 

Preparing Quantitative Pole Figures of Metals 
(E 81 - 49 T), and 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. bali 
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Determining the Orientation of a Metal Crystal 
(E 82-49 T). 


New Tentative Recommended Practice for: 
Dilatometric Analysis of Metallic Materials 

(E 80-49 T). 

Revision of Tentative Recoramended Practice for: 
Identification of Crystalline Materials by the 

Hanawalt X-Ray Diffraction Method (E 43 - 

49 T). 

These recommendations were accepted 
by the Standards Committee on De- 
cember 21, 1949, and the new and re- 
vised tentatives appear in the 1949 
Book of A.S.T.M. Standards, Part 2. 


New TENTATIVES 


Committee E-4 has in process two 
new methods which it hopes to submit 
to the Administrative Committee on 
Standards shortly after the Annual 
Meeting of the Society. 

The first of these is the proposed 
Tentative Method of Classification of 
Ferrite Grain Size, which was reported 
last year; the second is a proposed 
Tentative Grain Size Standard for 
Non-Ferrous Metals (except copper and 
copper alloys). 

While not quite ready for submittal 
‘to the Society, Subcommittee VI is 
nearing completion of a proposed Tenta- 
tive Method for Determining the Orien- 
tation in the Central Portion of Pole 
Figures. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Because of the large amount of work 


accomplished in the acceptance of new 
and revised items last year, there are 
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no recommendations to be made at this 
time. 


SUBCOMMITTEE ACTIVITIES 


Subcommittee IIT on Definitions (P. A. 
Beck, chairman) held a meeting in 
February, 1950, at the spring meetings, 
at which time it devoted its attention 
to lists of terms to be defined and ab- 
breviated for Optical Microscopy, X-ray 
Diffraction, Electron Diffraction, Pho- 
tography, Grain Size, Alloy Structures, 
Non-Metallic Inclusion, Powder Metal- 
lurgy, Phase Diagrams and Thermal 
Analysis. Definitions and abbreviations 
have been prepared relating to Optical 
Microscopy, X-Ray Diffraction, Grain 
Size (not complete), Alloy Structures 
(not complete), and Powder Metallurgy. 
It is planned to bring the above items to 
completion, to prepare a list for Electron 
Microscopy and to proceed with defini- 
tions and abbreviations according to 
the lists already prepared. 

Subcommittee III on Nomenclature 
(P. A. Beck, chairman) has been formed 
since the last Annual Meeting of the 
Society, and held its first meeting at 
Pittsburgh. The membership includes 
American and English authorities on 
phase diagrams. Work has been started 
on exploring the various requirements 
for phase nomenclature held essential 
by the members. Initial efforts are in 
the direction of formulating the basic 
requirements for a comprehensive sys- 
tem of metallic phase nomenclature. 
Because of the broad and basic nature 
of this effort, particular attention is 
being given to enlist the active coopera- 
tion of physical metallurgists both in 
this country and abroad. 

Subcommittee IV on Photography (L. 
V. Foster, chairman) is aiding Committee 
E-4 in arranging a photomicrographic 
exhibit at the Annual Meeting, having 
the assistance of Subcommittee XI on 
electron microscope work. As in the 
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past, the judging of the photomicro- 
graphs sponsored by Committee E-4 
will not be made on the basis of the 
photograph per se, but will be judged 
on the basis of the entire technique 
involved in sample selection, prepara- 
tion, and photography, as well as for 
the educational value of the techniques 
involved. 

Subcommittee V on Micro-hardness 
(Alexander Gobus, chairman) held a 
very active and interesting meeting in 
Pittsburgh, where round robin test 
results were thoroughly analyzed and 
the observed variables brought up for 
discussion. The influences of types of 
lighting, loading rates, instrument cali- 
brations, etc., were discussed, as were 
the advantages of the new stage microm- 
eters of 0.02 uw accuracy, which were 
developed by Bausch and Lomb Opti- 
cal Co. at the request of Subcommittee 
V. Further round robin tests were out- 
lined, and additional checks on reading 
variations between different observers 
are planned. 

Subcommittee VI on X-ray Methods 
(W. L. Fink, chairman) is now actively 
engaged in the investigation of a method 
for determining the central part of pole 
figures which was suggested by Shulz 
of the Institute for the Study of Metals 
at the University of Chicago. Two mem- 
bers of the subcommittee have con- 
structed specimen holders in accordance 


with Shulz’ suggestion and have started © 
experimental work. The subcommittee © 


is in the process of writing a Tentative 
Recommended Practice for the Accurate 
Measurement of Lattice Parameters. 

Subcommittee VII on Methods 
Thermal Analysis (L. H. Carr, chair- 
man) has reviewed the proposal for 
the determination of critical points by 
thermal analysis. This proposal requires 
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but a few minor changes and will then 


be submitted to letter ballot. This action 


will probably not be accomplished prior — 
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- to the Annual Meeting, and the approved 


proposal will be submitted to the So- 
ciety at a later date as a revision of 
Recommended Practice E 14. 
Subcommittee VIII on Grain Size (M. 
A. Grossman, chairman). Section B on 
Ferrite Grain Size (R. E. Penrod, chair- 
man), has the Proposed Tentative 
Method of Classification of Ferrite Grain 
Size in the process of obtaining approval] 
for submission for Society acceptance. 
Section C on Non-Ferrous Grain Size 
(C. H. Samans, chairman) has prepared a 
Proposed Tentative Grain Size Standard 
for Non-Ferrous Metals (including both 
macro and micro grain sizes) which it 
_ hopes to have approved by the Society. 


if. _ This new proposal, accomplished with 


the assistance of other committees in- 
terested in nickel, aluminum, magne- 
sium, etc., will go far toward providing 
a single, universal system of grain 
counting and of providing classification 
on standards therefor. 

Subcommittee X on Decarburization 
(J. J. B. Rutherford, chairman).—Dur- 
ing the past year, a questionnaire was 
circulated among the members and 
others requesting information on “how 
to measure” decarburization. After an 
excellent response, the replies were 
summarized and again circulated to the 
members. The response to this question- 
naire was submitted by the chairman 
for discussion at the Joint SAE-AISI- 
ASTM Division XXX meeting held in 
Detroit, February 21, 1950. At this 
time, the chairman was asked to prepare 
a treatise on the various methods of 
determining decarburization. When pre- 
pared, this treatise will be submitted to 
this subcommittee for discussion and 
approval. 

Subcommittee XI on Electron Micros- 
copy of Steel (G. E. Pellissier, chair- 
man).—During the year 1949, the pre- 


on Electron Microstructure of Steel” 
became incorporated with the American 
Society for Testing Materials as Sub- 
committee XI on Electron Microstruc- 
ture of Steel of Committee E-4 on Metal- 
lography. This committee originated, 
more or less spontaneously, during the 
1947 Annual Meeting of the Electron 
Microscope Society of America. 

The initial objectives of the com- 
mittee were as follows: 

(1) To investigate and evaluate the 
fidelity and reproducibility of all exist- 
ing methods of sample and replica prepa- 
ration. 

(2) To compare the results of these 
methods with each other, and with the 
best obtainable light micrographs on 
identical structures. 

(3) To modify or improve existing 
methods, and to develop new methods, 
where necessary. 

(4) To employ the methods found to 
be most reliable and powerful in Items 
(1), (2), and (3) for investigating the 
fine-scale morphology of the decomposi- 
tion products of austenite and martensite 
in a plain carbon eutectoid steel. 

The initial phase of this work embrac- 
ing these objectives was completed 
during 1949, and the results are the 
subject of the report of this subcom- 
mittee appended hereto under the title 
“Report of Subcommittee XI on Elec- 
tron Microstructure of Steel.” 

In full justification of several of the 
subcommittees which show no report 
for this year, it must be stated that the 
thoroughness of the previous year’s 
work, resulting in the Society’s accept- 
ance of the numerous Committee E-4 
recommendations in 1949, left prac- 
tically no required activity up until this 
time. 


This report has been submitted to 
allot of the committee, which — 
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consists of 91 members; 71 members Respectfully submitted on behalf of 
returned their ballots, of whom 69 have the committee, 
voted affirmatively and 0 negatively. L. L. Wyman, 


Mary R. Norton, 
“Secretary. 


Subsequent to the Annual Meeting, Committee E-4 presented to the Society 
through the Administrative Committee on Standards the recommendation that 
the Methods of Classification of Ferrite Grain Size in Steels be published as 
tentative. This recommendation was accepted by the Standards Committee 
on September 26, 1950, and the new tentative methods appear in the 1950 Sup- 
plement to Book of ASTM Standards, Part 1, bearing the designation E 89 — 50 T. 


Chairman 


= 


4 


a * 


» 


ig 


| 


First ProGress REPORT OF SUBCOMMITTEE XI ON ELECTRON MICROSTRUCTURE 
oF STEEL, A.S.T.M. E-4 on METALLOGRAPHY 


This report presents the results to 
date of studies on the electron micro- 
structure of a eutectoid steel, carried 
out cooperatively by the Joint Com- 
mittee on Electron Microstructure of 
Steel (now Subcommittee XI of Com- 
mittee E-4). The formation of the 
committee was instigated by Mr. A. L. 
Ellis of the International Harvester 
Co. at the 1947 Annual Meeting of the 
Electron Microscope Soc. of America. 
At the time of this meeting, it was felt 
by interested metallurgists that, al- 
though the superior resolving power and 
magnification of the electron microscope 
had been utilized to very good advantage 
in many fields, progress in realizing its 
potentialities in ferrous metallurgy had 
been disappointingly slow. Nevertheless, 
it was the consensus that the inherent 
advantages of this instrument should be 
of tremendous value in exploring the 
fine microstructures of steel, such as 
bainite, martensite, and tempered mar- 
tensite, which are beyond the resolving 
power of the light microscope. It was 
believed, furthermore, that information 
of this kind would be extremely useful 
in advancing knowledge of the relation- 
ships between the morphology of these 
structures and the mechanical proper- 
ties. 

In the preceding years, the electron 
microscope had been used in such studies 
in individual laboratories to a certain 
extent. However, when the results of 
these isolated investigations were com- 


pared, the electron micrographs of pre- | 
sumably similar structures were so 
different, and in many cases were so 
dissimilar to the light microstructures, 
as to preclude any consistent interpreta- 
tions and conclusions. It was suspected 
that this confusion was largely a reflec- 
tion of complications introduced by the 
many new variables involved in the 
techniques of electron metallography, 
such as difficulties in the preparation 
and etching of specimens for these high 
magnifications, the wide variety of 
replica techniques, the inherent low 
contrast of these replicas, and difficulties 
arising from the more complex photo- 
graphic procedure involved. It was 
reasoned that a group of several labora- 
tories, diligently applying a few of the 
most promising techniques to identical 
structures, should be able to determine 
what degree of consistency could be 
achieved among electron micrographs— 
first of all, on those microstructures 
which could be resolved with the light 
microscope, and therefore, could be 
compared directly, and finally, on those 
microstructures that are not resolvable 
by light microscopy. This line of reason- 
ing served as the basis for the formation 
of the Joint Committee on Electron 
Microstructure of Steel. This committee 
was formally organized in Pittsburgh, 
Pa., on February 13, 1948, and consisted 
of the following individuals and organi- 
zations: 


ELECTRON MICROSTRUCTURE OF STEEL 


A. L. Ellis—Manufacturing Research Dept., 
International Harvester Co. 

V. G. Peck—Research Lab., United States 
Steel Corp. 

R. D. Heidenreich—Bell Telephone Labs. 

C. M. Schwartz—Battelle Memorial Inst. 

D. M. Teague—Research Division, Chrysler 
Corp. 

W. L. Grube—Research Laboratories Divi- 
sion, General Motors Corp. 

S. B. Maloof—Division of Metallurgy, Penn- 
sylvania State College 

C. F. Tufts—Armour Research Foundation 

M. Baeyertz—Armour Research Foundation 

J. M. Hodge—Research and Development 

Pua Division, Carnegie-Illinois Steel Corp. 

G. E. Pellissier—Research Lab., Carnegie- 

Illinois Steel Corp. 


Since that time, this committee has 
grown larger and some changes in 
membership have occurred. The policy 
has been that each cooperating labora- 
tory be represented on this committee 
by an electron microscopist and a metal- 
lurgist. In August, 1949, this committee 
became affiliated with the American 
Society for Testing Materials’ Commit- 
tee E-4 on Metallography, and is desig- 
nated as Subcommittee XI on Electron 
Microstructure of Steel. The present 
membership of this Subcommittee is as 
follows: 


G. E. Pellissier, Chairman—Carnegie-Illinois 
Bes Corp. 


D. M. Teague, Secretary—Chrysler Corp. 
7 Ww. L. Grube—General Motors Corp. 
“8 _E. J. Dofter—Chrysler Corp. 
J. M. Hodge—Carnegie-Illinois Steel Corp., 
Pittsburgh, Pa. 
J. R. Vilella—United States Steel Corp., 
__- Research Lab., Kearny, N. J. 
RR, M. Fisher—United States Steel Corp., 
Research Lab., Kearny, N. J. 
C. M. Schwartz—Battelle Memorial Inst., 
Columbus, Ohio 
_ A. L. Ellis—International Harvester Co., 
Chicago, Til. 
C. F. Tufts—Armour Research Foundation, 
Chicago, Ill. 
W. F. Craig—Armour Research Foundation, 
Chicago, 
_E. F. Fullam—Knolls Research Lab., 
eral Electric Co., Schenectady, N. y. 
. R. Cooper— Heppenstall Co., Pittsburgh, Pa. 
H.C. O’Brien—Heppenstall Co., Pittsburgh, Pa. 


Gen- 


On oF Sreer 


L. S. Birks—Naval Research Lab., Wash- 
ington, D. C. ; 

P. Coheur—Centre Belge De Metallurgie 
Physique, 12 Quai Paul Van Hoegaerden, 
Liege, Belgium 


ches Metallurgiques, Liege, Belgium 


The research program, the results of 
which are the subject of this report, was 
formulated at the February 13, 1948, — 
meeting. Essentially, this plan consisted — 
of heat treating a series of pieces of a_ 
eutectoid steel to specific microstruc- 
tures, and dividing these pieces into 
specimens which were supplied to each 
cooperating laboratory for investigation Fs 
by means of electron microscopy. The 
composition of the steel used was as _ 
follows: 


Manganese, per cent................. 0.44 
0.17 
0.006 
0.39 


All of the heat treatments were carried 
out at the United States Steel Research — 
Lab.; the heat treatments and result- 
ing microstructures are described in © 
Table I. Light micrographs of each of 
these structures were prepared at the _ 
United States Steel Research Lab. at _ 
a magnification of 2500. These light — 
micrographs, which are reproduced in 
this report, are believed to be repre- 
sentative of the best metallographic 
techniques currently available. 

The program for the electron micro- 
scope studies included some variations — 


practices, replica techniques, and photo- 
graphic procedures. Both mechanical A 
polishing and electropolishing were used — 
to some extent, but mechanical polish- — 
ing was used predominantly in ort seal 
the results reported here. The etching 
reagents employed in this work were, 
picral, nital, and ferric chloride - hydro- 
chloric acid. Three replica techniques 


| us 


were investigated, namely, formvar, 
parlodion, and polystyrene-silica. Most 
of the formvar and parlodion replicas 
were shadow-cast either with chromium, 
platinum, or palladium to enhance the 
contrast. In general, the electron micro- 
graphs were made at an initial magnifi- 
cation of 5000, and then were enlarged 
to a final magnification of 15,000. In 
addition to these high magnification 
micrographs, electron micrographs of 
these structures were prepared at an 
initial magnification of 750, and were 
enlarged to 2500, in order to permit com- 
parison with the light micrographs. For 
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COARSE PEARLITE 


Isothermal Transformation at 1300 F. 


The light and electron micrographs 
of coarse pearlite are shown in Figs. 1 to 
8. The electron microstructure of coarse 
pearlite, at a magnification of 2500, 
is shown in Fig. 3. The close similarity 
between the appearance of this electron 
micrograph and that of the light micro- 
graphs shown in Figs. 1 and 2, is evi- 
dent. The fact that the shades are re- 
versed in the electron micrograph, so 
that the cementite lamellae appear 
light and the ferrite matrix, dark, is an 


TABLE I.—STRUCTURES INVESTIGATED AND CORRESPONDING HEAT TREATMENTS. 


Rockwell 
Heat Treatment 
1300 F. coarse pearlite 34 hr. at 1300 F. 
Ris ...| 1100 F. fine pearlite 25 sec. at 100 F. 
Bias .| 950 F. fine pearlite and bainite 6 sec. at 550 F., 60 sec. at 950 F. 
ER ER 750 F. bainite 6 sec. at 550 F., 7 min. at 750 F. 
500 F. bainite 24 hr. at 500 F. 
martensite (as-quenched) as-quenched in brine 
400 F. tempered martensite quenched, tempered at 400 F. for 
1 hr. 
Diticssanesuoay 600 F. tempered martensite ar quenched, tempered at 600 F. for 
1 hr. 
eR 800 F. tempered martensite = quenched, tempered at 800 F. for 
1 hr. 
1100 F. tempered martensite tempered at 1100 F. 
or 1 hr. 
1250 F. spheroidized carbides quenched, tempered at 1250 
or 12 hr. 
500 F. bainite (partial transformation) | 15min. atS500F. j= 


* All of these specimens were austenitized at 1800 F. for 35 min. and were air cooled from the final indicated tem- 


perature. 


the most part, the enlarged prints were 
made directly from the photographic 
negatives, but in a few instances, re- 
verse prints were made. Information 
pertaining to the electron microscope 
techniques and procedures is presented 
in detail in the Appendix to this report. 

From the large number of electron 
micrographs accumulated in this pro- 
gram, the series reproduced in this re- 
port have been selected as being most 
representative of the microstructures 
studied, and of the various techniques 
employed. The micrographs pertaining 
to these different microstructures are 
separately diacussed in some detail 


inherent characteristic of the single- 
stage, negative replica technique. With 
this technique, the areas of the etched 
metal surface which stand in relief— 
in this instance cementite lamellae— 
are reproduced in the replica as thinner 
sections, and, since electron transmission 
is greater in these regions, they appear 
lighter in the electron image. 

Figure 4 is an electron micrograph at 
2500 of the same structure, but etched 
with FeCl;-HCl instead of picral. It is 
evident from this micrograph that the 
FeCl;-HCl etch has severely attacked 
the ferrite matrix in the pearlite colonies 
at the lower right of the micrograph, 


causing excessive relief of the cementite 
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lamellae in these regions; this results in 
a somewhat distorted picture of the 
structure in these colonies in that the 
areas corresponding to the cementite 
lamellae are artificially enlarged. The 
fact that this etchant attacks the ferrite 
in some pearlite colonies more severely 
than in other colonies is a characteristic 
of this etchant; it has been pointed out 
previously in the metallurgical literature 
that the attack on ferrite by this etchant 
is of a crystallographic nature and that 
the rate of attack is dependent on the 
orientations of the ferrite in the various 
pearlite colonies which are exposed in 
the specimen surface. This type of etch 
is useful for clearly delineating pearlite 
colonies, but it would not be suitable for 
preparing electron micrographs for meas- 
urement of interlamellar spacing in 
coarse pearlite. 

This same structure is shown in the 
electron micrograph of Fig. 5 at a magni- 
fication of 15,000; again, the similarity 
to the light micrographs is quite ob- 
vious. It will be noted that the relative 
amounts of ferrite and cementite are 
approximately in accordance with the 
theoretically expected ratio. Some detail 
can be observed in the ferrite matrix, 
such as scratches and general roughen- 
ing remaining from the mechanical 
polishing of the sample. The cementite 
lamellae are clearly defined, and the 
serrations at the edges of the lamellae, 
presumably caused by mechanical abra- 
sion during polishing, are also apparent. 
Electron micrographs of this kind would 
be suitable for making precise measure- 
ments of the interlamellar spacings of 
pearlite. Figures 6 and 7 illustrate the 
effect of replica shadowing at two 
different angles, 45 and 30 deg. to the 
surface, respectively, on the appearance 
of the electron micrographs of coarse 
pearlite. In this instance, the un- 
shadowed replica (Fig. 5) had adequate 
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contrast so that very little is gained by 
shadowing; however, for the finer struc- 
tures discussed below, shadowing was 
found to be essential in order to obtain 
the desired contrast. A comparison of 
Figs. 5 and 6 will show that shadowing 
at the high angle has not perceptibly 
changed the appearance of the pearlite; 
the shape, size, and spacing of the ce- 
mentite lamellae are strictly comparable 
in these two micrographs. The effect of 
shadowing at a low angle, as shown in 
Fig. 7, is to effectively enlarge the regions 
of the replica corresponding to the 
cementite lamellae, so as to give a some- 
what distorted impression of the rela- 
tive amounts of the two phases present. 
Electron micrographs, such as Fig. 7, 
would not be suitable for making pre- 
cision measurements of the interlamellar 
spacing of pearlite. In view of this pos- 
sibility of dimensional distortion at a 
low angle of shadow casting, most of 
the electron micrographs selected for 
use in this report were made from repli- 
cas shadowed at a relatively high angle. 
The electron micrograph of Fig. 8 shows 
this structure at a magnification of 
15,000, as etched with FeCl;-HCl. This 
micrograph illustrates quite clearly the 
crystallographic nature of the attack on 
ferrite by FeCl;-HCl; in the pearlite 
colony at the left of the micrograph, 
this etchant has severely attacked the 
ferrite and has developed crystal facets, 
whereas in the colony at the right the | 
attack is milder and more uniform. 


FINE PEARLITE 


Isothermal Transformation at 1100 F. 


The light and electron micrographs 
of fine pearlite at 2500X are shown in 
Figs. 9 and 10, respectively. In the 
electron micrograph, all of the pearlite 
lamellae, irrespective of their apparent 
spacing (orientation with respect to the 
specimen surface), are clearly resolved 
at this magnification. This is in marked 
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contrast to the light micrograph in 
which less than 50 per cent of the area 
of the field is perceptibly resolved. This 
is a striking example of the superior 
_ inherent resolving power of the electron 
_ microscope, even at comparatively low 
magnifications. 

This same structure, etched with 
FeCl;-HCl, is shown at a magnification 
of 15,000 in the electron micrograph of 
Fig. 11. This micrograph presents about 
as clear a picture of fine pearlite as 
- could be expected, and it would be 
possible to make precise statistical 
measurements of the interlamellar spac- 
ing on micrographs such as this. Further- 
more, since all of the pearlite is resolved 
in the electron micrograph, this tech- 
nique has a decided advantage over 
light microscopy in that it provides 
assurance that no structures other than 
pearlite (for instance, bainite or mar- 
tensite) are present. This micrograph 
was chosen, from the many prepared, as 
being most representative of the struc- 
- ture of fine pearlite; the very closely 
spaced cementite lamellae are perfectly 
resolved, and the several pearlite col- 
onies are readily distinguished. In the 
field of this micrograph, the cementite 
_ lamellae appear to intersect the specimen 

surface almost perpendicularly, so that 
the observed interlamellar spacing is 
nearly equal to the true spacing. The 
electron micrographs of Figs. 12 and 
13 show other areas of this specimen 
where the cementite lamellae intersect 
the surface more obliquely. In the areas 
in which this obliquity is most pro- 

- nounced, the effects of the severe attack 

by the FeCl;-HCl etchant and of the 
shadow-casting have combined to create 
a “snow-drift” appearance at the edges 
of the cementite lamellae. 


FINE PEARLITE AND BAINITE 
Isothermal Transformation at 950 F. 


The electron microstructure of this 
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specimen, as etched with FeCl;-HC1 is 
shown at a magnification of 2500 in 
Fig. 15. Although the resolution in this 
micrograph is distinctly superior to that 
in the corresponding light micrograph 
(Fig. 14), the very fine structure is not 
well delineated at this magnification. 
However, the pearlite in this specimen 
is very fine, and although the electron 
microscope is capable of resolving the 
lamellae, the magnification is not suffi- 
ciently high to permit photographic 
and visual resolution. 

At a magnification of 15,000, how- 
ever, the very fine details of this micro- 
structure are fully resolved, as shown in 
Fig. 16. In this micrograph, two types 
of structure are discernable, that is, 
areas of resolved, very fine pearlite, 
similar to that discussed above, and 
regions in which the cementite platelets 
are larger and more randomly distrib- 
uted and oriented than in pearlite; 
the latter areas can be seen in the upper 
right-hand, and lower center of Fig. 16. 
As will be evident from a comparison 
with the electron micrographs of upper 
bainite discussed below, there is reason 
to believe that this second structure is, 
in fact, upper bainite. Although the dual 
nature of the structure of this specimen 
is suggested by both the light and elec- 
tron micrographs at 2500X, neither 
the pearlite nor bainite is well enough 
resolved to permit positive identifica- 
tion. However, in this electron micro- 
graph at 15,000X, the shape, size, 
and arrangement of cementite particles 
are revealed within the bainite needles, 
the outlines of which are just perceptible 
in the micrographs at 2500. Examina- 
tion of the band-shaped area of bainite 
in the upper right-hand corner of Fig. 
16, reveals that, within a bainite needle, 
the cementite platelets are, in general, 
rather long, and are roughly oriented 
with their long dimension parallel to 
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the axis of the needle. It will be noted 
that the very fine pearlite formed at this 
temperature is not as well organized as 
are the pearlites formed at the higher 
temperatures. It is rather surprising 
to find that, even though the gross 
appearance of the bainite is quite 
different from that of the pearlite, these 
two structures both consist of cementite 
platelets in a ferrite matrix; the prin- 
cipal difference is of degree, the cementite 
platelets in the bainite being shorter, 
chunkier, and their distribution and 
orientation are less regular. 


BAINITE 
Isothermal Transformation at 750 F. 


The acicular nature of the micro- 
structure of this specimen is evident in 
both the light micrograph (Fig. 17) and 
in the electron micrograph (Fig. 18), 
at a magnification of 2500. Although 
the gross features of this structure are 
more clearly delineated in the electron 
micrograph than in the light micrograph, 
the very fine details of the structure are 
not adequately resolved at this magnifi- 
cation. 

On the other hand, the electron micro- 
graph at 15,000X (Fig. 19) clearly re- 
veals the ultimate microstructure of 
this upper bainite; the sharply defined 
cementite platelets shown in this micro- 
graph make a particularly marked con- 
trast to the almost completely unresolved 
structure shown by the corresponding 
light micrograph at 2500X. The ce- 
mentite platelets in this bainitic struc- 
ture, formed at 750 F., seem to be char- 
acteristically chunky and more or less 
randomly oriented and distributed in 
the ferrite matrix. The similarity of this 
structure to the presumably bainitic 
portion of the structure formed at 950 F. 
is evident, but the 750 F. structure is 
generally less well organized, and the 
cementite platelets are more randomly 
distributed. Most of the cementite 


platelets are large and chunky (pre- 
dominantly 10,000 A in length), but 
there are also visible, many very small 
cementite particles of the order of 600 A. © 


BAINITE 
Isothermal Transformation at 500 F. 


The microstructure of this specimen 
at a magnification of 2500 is shown in 
the light micrograph of Fig. 20 and in 
the electron micrograph of Fig. 21. 
The acicular nature of this lower bainite 
is suggested by both of these micro- 
graphs; however, the coarse features of 
the microstructure are quite clearly 
resolved in the electron micrograph, 
whereas in the light micrograph, none 
of the structure is perceptibly resolved. 

The ultimate microstructure of lower _ 
bainite, formed at 500 F., is revealed in 
the electron micrograph at 15,000 of 
Fig. 22. As in the case of upper bainite, © 
this structure consists of cementite 
platelets in a ferrite matrix. It is char-— 
acterized by ferrite bands containing 
many small cementite platelets in paral- _ 
lel array; within each band, the plate-— 
lets are oriented at the same angle to 
the axis of the band. In general, these _ 
bands are outlined by relatively large, — 
chunky particles of cementite. Refer- 
ence to the electron microstructure at — 
2500X strongly suggests that these — 
bands are the bainite needles observed 
at the lower magnification, and that the 
large, chunky cementite particles de- 
lineate the needle boundaries. These 
bainite needles are shown even more 
at 15,000X of Figs. 23 and 24. It is 
clearly evident from these micrographs 
that the small, oriented cementite plate- 
lets are, in fact, situated within these — 
bainite needles; in Fig. 23, the principal — 
plane of the cementite platelets is 
nearly parallel to the specimen surface, 
whereas in Fig. 24, it generally intercepts 


the surface at a large angle. Mi wp 
» 
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The light and electron micrographs 
at 2500X of as-quenched martensite 
are shown in Figs. 25 and 26, respec- 
tively. Both of these micrographs show 
the acicular structure characteristic of 
martensite, but no significant detail is 
visible in the electron micrograph be- 


- The electron micrograph of this same 


specimen, etched with 2 per cent nital 


plus zephiran chloride, is shown at a 
magnification of 15,000 in Fig. 27. In 
_ this micrograph, geometrically-shaped 


areas of retained austenite are clearly 


revealed, standing in relief above the 


matrix of intersecting martensite needles. 


_ Although this etchant evidently has 


caused a general roughening and pitting 


_ of the martensite needles, no additional 


structural detail of significance is visible 


a within the needles. The fact that even 


the very small areas of retained austenite 
are so clearly delineated suggests that 
this technique would be of value in 


_ improving the accuracy and sensitivity 
_ of metallographic determinations of re- 


tained austenite. 


TEMPERED MARTENSITE 
1 hr. at 400 F. id 


The light and electron micrographs 
of this structure, at a magnification of 


little significant in- 


formation is revealed by either of these 


_ micrographs at this magnification, but, 


of retained austenite and tempered 
= martensite are much more clearly de- 
lineated. 


Comparison of the electron 
micrograph of this structure with that 
of Fig. 26, shows that no change in the 


Coarse features of the as-quenched mar- 


tensitic structure has occurred on tem- 
pering at 400 F. for 1 hr. 

Figure 30 is an electron micrograph 
at 15,000X of this same specimen, 
etched with 2 per cent picral plus 
zephiran chloride. The structure shown 
in this micrograph differs from that of 
the untempered martensite (Fig. 27) 
principally in that fine detail is now 
visible in the tempered martensite 
needles. Although this structure is ex- 
tremely fine and not clearly resolved, 
its appearance suggests that discrete 
particles have precipitated on tempering 
at 400 F. The appearance of the struc- 
ture at the upper right-hand corner of 
this micrograph is different from that 
of the tempered martensite and retained 
austenite and is suggestive of the struc- 
ture of lower bainite, as previously 


shown. 
TEMPERED MARTENSITE 


1 hr. at 600 F. 


The light and electron micrographs 
at 2500X of this structure are shown 
in Figs. 31 and 32, respectively. Al- 
though the light micrograph suggests 
that discrete carbide platelets have pre- 
cipitated at this tempering tempera- 
ture, these platelets are much more 
clearly resolved in the electron micro- 
graph. 

The ultimate microstructure of this 
600 F. tempered martensite is clearly 
shown in the electron micrograph at 
15,000X of Fig. 33. In this micrograph, 
the small, discrete carbide platelets are 
plainly evident in the ferrite matrix; 
many of these particles are as small as 
300 A. These platelets show some 
tendency toward parallel alignment in 
individual regions, suggesting an orien- 
tation relationship with the parent 
martensite needles. It is interesting to 
note that this structure is quite similar 
in many respects to that observed in the 
specimen of 750 F. bainite (Fig. 19). 
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The platelets in the upper bainite, how- 
ever, are larger, chunkier, and are more 
randomly distributed and oriented in 
the matrix. The electron microstructure 
of this same specimen is shown in another 
electron micrograph at 15,000X (Fig. 
46), but in this particular field, there 
are a few areas, indicated by arrows, 
which are very similar in appearance 
to the structure observed for lower 
bainite. This suggests that these regions 
are in fact 600 F. bainite resulting from 
transformation of retained austenite 


during tempering. 
TEMPERED MARTENSITE 


i 
1 hr. at 800 F. 


The light and electron micrographs 
at 2500X of this structure are shown 
in Figs. 34 and 35, respectively. As in 
the case of the 600 F. tempered marten- 
site, the presence of discrete carbide 
platelets is suggested by the light micro- 
graph, but they are clearly evident in 
the electron micrograph. Even in this 
electron micrograph, however, only the 
largest particles are clearly visible at 
this magnification. 

This structure is shown at a magnifica- 
tion of 15,000 in the electron micrograph 
of Fig. 36. It is quite similar to that of 
the 600 F. tempered martensite, except 
that considerable coalescence of the 
carbide particles obviously has occurred, 
so that they are larger and chunkier, 
and noticeably fewer of the very fine 
particles are present. Furthermore, the 
rounded appearance of some of the 
particles indicates that some spheroidiza- 
tion has occurred at this stage of tem- 
pering. In the case of this structure 
particularly, electron microscopy has a 
decided advantage over light micros- 
copy in that it permits accurate meas- 
urement of the particle size and distribu- 
tion, and observation of the degree of 
spheroidization. Here again, the similar- 
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ity of this structure to the 750 F. 


bainite is notable, the principal distinc- _ 


tion being the relatively large number © 
of very small particles in the upper — 
bainite structure. 


TEMPERED MARTENSITE 
1 hr. at 1100 F. 


The light and electron micrographs _ 


of this structure are shown at a magnifi- 
cation of 2500 in Figs. 37 and 38, respec- 
tively. The superior resolution achieved 
with the electron microscope is demon- 
strated particularly well by a compari- 
son of these two micrographs. This 
superior resolution makes it possible, 
even at this relatively low magnification, 
to evaluate the degree of spheroidiza- 
tion, and the actual distribution of the 
discrete carbide particles in this tem- 
pered martensitic structure. A concen- 
tration of relatively large carbide 
particles, in locations which seem to cor- 
respond with the prior austenite grain 
boundaries, is evident in this micro- 
graph, and the arrangement of carbide 
particles within these prior austenite 
grains suggests some relationship to the 
original acicular structure of the mar- — 
tensite. 

The electron microstructure at a 
magnification of 15,000 is shown, beauti- 
fully delineated, in the electron micro- 
graph of Fig. 39. It is clearly evident 
from this electron micrograph that spher- 
oidization of the carbide particles is 
nearly complete and that coalescence 
has progressed much farther than at 800 
F. The predominant carbide particle 
size is about 2500 A, but there are 
several particles as small as 600 
and some as large as 10,000 A. Another 
electron micrograph at 15,000 X of 
this structure (Fig. 47) shows, very | 
strikingly, the concentration of coarse 
carbide particles at prior austenite grain 
boundaries, which was noted in the | 
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2500 X electron micrograph (Fig. 38). 
The clear picture of the size, shape, 
distribution and degree of spheroidiza- 
tion of the carbide particles furnished 
by these electron micrographs is in 
marked contrast to the rather poorly 
defined structure shown in the light 
micrograph. 


TEMPERED MARTENSITE 
The light and electron micrographs 
of this spheroidized structure at a 
magnification of 2500 are shown in Figs. 
40 and 41, respectively. In this instance, 
the similarity between the light and 
electron micrographs is very pronounced, 
and this similarity, as in the case of 
coarse pearlite, provides good assurance 
that the replica technique employed in 
these electron microscope studies does, 
in fact, present a true, high fidelity 
picture of the microstructure. 

These spheroidized carbides are shown 
at a magnification of 15,000 in Fig. 42. 
Little additional information is gained 
from this electron micrograph, but the 
fine carbides are clearly revealed at this 
magnification, so that accurate particle 
size distribution measurements could 
be made from such electron micrographs. 
Furthermore, there is some evidence in 
this electron micrograph of a boundary 
structure in the ferrite matrix; although 
this is not pronounced, it suggests that 
this technique might be useful in study- 
ing structural changes in the ferrite 
during tempering. 


BAINITE 
Partial Transformation at 500 F. 
This specimen was added to the pro- 
gram in the early stages of this work, 


on the basis that, with light microscopy, 
the martensite provides a better back- 
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The light and electron micrographs of 
this partially transformed structure at 
a magnification of 2500 are shown in 
Figs. 43 and 44, respectively. It is evi- 
dent from a comparison of these micro- 
graphs that, with the electron micro- 
scope technique, the contrast between 
the bainite and the martensite is not 
nearly so pronounced; thus, the ex- 
pected advantage is not realized, and, 
in fact, it now seems that, with present 
techniques, more can be learned from 
the fully transformed structures. 

The electron microstructure at 
15,000 X of-this partially transformed 
specimen is shown in Fig. 45. The 
bainitic areas, indicated by arrows, are 
similar in structure to that of lower bai- 
nite as previously shown in Figs. 22 to 
24. As in the case of the specimen of as- 
quenched martensite, the areas of re- 
tained austenite in the martensite 
matrix are clearly delineated, but no sig- 
nificant detail is visible in the marten- 
site needles of this partially transformed 
bainite specimen. 


SUMMARY AND CONCLUSIONS 


The results of this work to date demon- 
strate, first of all, that electron micro- 
scope replica techniques are capable 
of yielding true, high fidelity pictures 
of steel microstructures. This is evi- 
denced particularly by the close similar- 
ity in appearance vwetween electron 
micrographs and light micrographs of 
coarse pearlite and coarse spheroidite. 
Also, it has been shown that the extra- 
ordinary resolving power and magnifica- 
tion of the electron microscope can be 
utilized to very good advantage to in- 
vestigate those fine microstructures 
which cannot be adequately defined by 
means of the light microscope. Further- 
more, even in the case of the coarse 
microstructures, which are resolved by 
the light microscope, additional fine 
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structural detail may be revealed by 
the electron microscope. The sharp, 
high-magnification electron micrographs 
also permit more accurate measurement 
of structural dimensions than can be 
obtained from the best light micrographs. 
These features of the electron micro- 
scope undoubtedly will be of great value 
in metallurgical studies of (1) the pre- 
cise nature and ultimate microstructure 
of austenite and martensite decomposi- 
tion products, (2) the mechanisms of 
formation of these decomposition prod- 
ucts, and (3) the relationships between 
microstructure and properties of steel. 

More specifically, some of the perti- 
nent findings of this application of the 
electron microscope to the investigation 
of steel microstructures are as follows: 

1. In specimens of eutectoid steel 
transformed at 1100 F., portions of 
the field which have hitherto been un- 
resolved by the light microscope are 
shown by the electron microscope to be, 
in fact, pearlite of very small inter- 
lamellar spacing. 

2. It has been found that eutectoid 
steel transformed at 950 F. contains 
two distinctly different microstructures, 
namely, very fine pearlite, and upper 
bainite. 

3. The microstructure of the upper 
bainite formed at 750 F. has been com- 
pletely resolved and has been found to 
consist of discrete, chunky, cementite 
platelets, more or less randomly dis- 
tributed and oriented in the ferrite 
matrix. The predominant length of these 
platelets is 10,000 A, but there are also 
many small cementite particles of the 
order of 600 A. 

4. The microstructure of lower bainite 
formed at 500 F. has been completely 
resolved and has been found to consist 
of ferrite bands, containing small ce- 
mentite platelets in parallel array; these 
bands are outlined by relatively large, 
chunky, carbide platelets. 
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the very small areas of retained austen- 
ite are clearly delineated, which suggests 
that this technique would be of value 
in improving the accuracy and sensitiv- | 
ity, of quantitative metallographic 
terminations of retained austenite. 

6. Although the structure of mar- 
tensite tempered at 400 F. is extremely | 


5. In brine-quenched martensite, even 4 


have started to precipitate at this | 
temperature. 


tempered at 600 F. has been completely _ 
resolved and has been found to consist _ 


ferrite matrix; many of these particles 
are as small as 300 A. ; 
8. The microstructure of martensite 
tempered at 800 F. has been found to- 
be quite similar to that of the 600 F. 
tempered martensite, except that con- 
siderable coalescence of the carbide par-- 
ticles has occurred, and there is evidence 
that spheroidization has begun at this — 
temperature. 
9. The electron microstructure of mar- 
tensite tempered at 1100 F. shows that 
spheroidization of the carbide particles 
is essentially complete at this tempera- 
ture, and that coalescence of the carbide 
particles has progressed considerably 
beyond that observed at 800 F. 
FUTURE WoRK 
a 

During 1950 and 1951, Subcommittee 
XI plans to investigate the following 
phases of this work on eutectoid steel 
more intensively: 
1. The transition in microstructure 
from fine pearlite to upper bainite, which 
occurs upon isothermal decomposition 
of austenite within the temperature 
range 950 to 750 F. 
2. The transition in microstructure 
from upper bainite to lower bainite, 
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which occurs upon isothermal decomposi- 
tion of austenite within the temperature 
range 750 to 550 F. 

3. The changes which occur in the 
microstructure of martensite during the 
| initial stages of tempering at tempera- 


tures below 600 F. 


4. The microstructure of decomposi- 
tion products which first form from re- 
tained austenite on tempering at various 
temperatures. 

Further, long-range plans for electron 
microscope investigation of the micro- 
structure of eutectoid steel include the 
following items: 

1. Study of the changes in micro- 
structure which occur in lower bainite, 
as isothermal decomposition of austenite 
to lower bainite proceeds to completion. 

2. Study of the microstructure of 
isothermal decomposition products of 
austenite which form below the M, tem- 


perature and comparison with the micro- 
structure of martensite formed on 
quenching. 

3. Statistical measurements of the 
carbide particle size distribution in the 
bainitic structures, and comparison with 
similar measurements on martensites 
tempered at temperatures correspond- 
ing to those at which the bainites were 
formed. 

4. Correlation of the electron micro- 
structure of the various decomposition 
products of austenite and martensite 
with the mechanical properties of these 
structures. 


Respectfully submitted on behalf of 

the subcommittee, 
G. E. PELLISSIER, 

Chairman. 
D. M. TEAGUE 
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Fic. 3.—Electron Micrograph of Coarse Pearlite, Isothermal Transformation at 1300 F., Picral 
Etch, Formvar Replica, Palladium Shadowed at 45 deg. (X 2500). 
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ron Micrograph of Coarse Pearlite, Isothermal Transformation at 1300 F., FeCl;-HCl 
Etch, Formvar Replica, Unshadowed (X 2500). 
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—Electron Micrograph of Coarse Pearlite, Isothermal Transformation at 1300 F., Picral 
Etch, Formvar Replica, Unshadowed (X 15,000). 


Courtesy of General Motors Corp. 
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Fic.6 —Electron Micrograph of Cozrse Pearlite, Isothermal Tri nsformation at 1200 F., Picral 
Etch, Parlodion Replica, Chromium Shadowed at 45 deg. (X 15,000). 


. ee of General Motors Corp. 
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.—Electron Micrograph of Coarse Pearlite, Isothermal! Transformation at 1200 F., Picral 
Etch, Parlodion Replica, Chromium Shadowed at 27 deg. (X 15,000). 
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Fic. 8.—Electron Micrograph of Coarse 
Etch, Formvar Replica, Chromium Shadowed at 27 deg. (X 15,000). 
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Fic. 9.—Light Micrograph of Fine Pearlite, Isothermal Transformation at 1100 F., Picral Etch 
(X 2500). 


Courtesy of United States Steel Corp. 


Formvar Replica, Palladium Shadowed at 27 deg. (X 2500). 
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Fic. 11.—Electron Micrograph of Fine Pearlite, Isothermal Transformation at 1100 F., FeCl;-HC| 
Etch, Parlodion Replica, Chromium Shadowed at 45 deg. (X 15,000). 


Courtesy of General Motors Corp. 
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Fic. 12.—-Electron Micrograph of Fine Pearlite, Isothermal Transformation at 1100 F., FeCl;-HCl 
Etch, Parlodion Replica, Chromium Shadowed at 45 deg. (X 15,000). 
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Fic. 13 


Etch, Parlodion Replica, Chromium Shadowed at 45 deg. (X 15,000). 


Courtesy of General Motors Corp, 
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1c. 14.—Light Micrograph of Fine Pearlite and Bainite, Isothermal Transformation at 950 F., 
Picral Etch (X 2500). 


Courtesy of United States Steel Corp. 
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Fic. 15.—Electron Micrograph of Fine Pearlite and Bainite, Isothermal Transformation at 950 F., 
FeCl;-HCl Etch, Formvar Replica, Chromium Shadowed at 45 deg. (X 2500). 


ae Courtesy of Chrysler Corp. 
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Electron Micrograph of Fine Pearlite and Bainite, Isothermal Transformation at 950 F., 
Picral Etch, Formvar Replica, Chromium Shadowed at 45 deg. (X 15,000). 


Courtesy of Chrysler Corp. 
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Fic. 17.—Light Micrograph of Bainite, Isothermal Transformation at 750 F., Picral Etch (X 2500). 
Courtesy of United States Steel Corp. 
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Fic. 18.—Electron Micrograph of Bainite, Isothermal Transformation at 750 F., FeCls-H 
Formvar Replica, Unshadowed (X 2500). 7 


Courtesy of Chrysler Corp. 


AK" 
i 
x 


4° a 


Report or SuscommitTee XI or Commitrer E-4 


- ta 


A 


468 
© Fic. 19.—Electron Micrograph of Bainite, Isothermal Transformation at 750 F., Picral Etch, 
* Formvar Replica, Chromium Shadowed at 45 deg. (X 15,000). 
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Electron Micrograph of Bainite, Isothermal Transformation at 500 F., Picral Etch 
Formvar Replica, Chromium Shadowed at 45 deg. (X 25 


21 


Fic. 


Courtesy of Chrysler Corp. 
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lic. 22.—Electron Micrograph of Bainite, Isothermal Transformation at 500 F., Picral Etch, 
Formvar Replica, Chromium Shadowed at 45 deg. (X 15,000). : 


Courtesy of Chrysler Corp. 
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Fic. 23.—Electron Micrograph of Bainite, Isothermal Transformation at 500 F., Picral Etch, 
Formvar Replica, Chromium Shadowed at 45 deg. (X 15,000). 


Courtesy of General Motors Corp. 
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Fic. 24.—Electron Micrograph of Bainite, Isothermal Transformation at 500 F., Formvar Replica, 
Chromium Shadowed at 45 deg. (X 15,000). 


Courtesy of General Motors Corp. 
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Fic. 25.—Light Micrograph of Martensite, Brine Quenched, Picral Etch (X 2500). 
Courtesy of United States Steel Corp. 
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Fic. 26.—-Electron Micrograph of Martensite, Brine Quenched, Picral Etch, Formvar Replica, 
Palladium Shadowed at 45 deg. (* 2500 : 


Courtesy of Chrysler Corp. 
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Electron Micrograph of Martensite, Brine Quenched, 2 per cent Nital plus Zephiran 
Chloride Etch, Formvar Replica, Chromium Shadowed at 27 deg. (X 15,000). 
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Fic. 28.—Light Micrograph of Tempered Martensite, 1 hr. at 400 F., Picral Etch (X 2500). 
7 , Courtesy of United States Steel Corp 


Fic. 29.—Electron Miscwah of Tempered Martensite, 1 hr. at 400 F., Picral Etch, Formvar 
Replica, Chromium Shadowed at 45 deg. (X —_ 


i Courtesy of Chrysler Corp. 


| 

| 

== 


-4 


ITTEE E 


XI or Comm 


BCOMMITTEE 


Su 


RT OF 


REPO 


Zephiran 


Picral plus 


nsite, 1 hr. at 400 F., 
hromium Shadowed at 27 deg. (X 15,000). 


Courtesy of General Motors Corp. 
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Fic. 31.—Light Micrograph of Tempered Martensite, 1 hr. at 600 F., Picral Etch (X 2500). 
Courtesy of United States Steel Corp. 
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1c. 32.—Electron Micrograph of Tempered Martensite, 1 hr. at 600 F., FeCl;-HCl Etch, Formvar 
Replica, Unshadowed (X 2500). 


Courtesy of Chrysler Carp. » 
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Fic. 33.—Electron Micrograph of Tempered Martensite, 1 hr. at 600 F., Picral Etch, Formvar 
Replica, Chromium Shadowed at 45 deg. (X 15,000). 


Courtesy of Chrysler Corp. 
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Courtesy of United States Steel Corp. 
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lectron Micrograph of Tempered Martensite, 1 hr. at 800 F Picral Etch, Formvar 
Replica, Chromium Shadowed at 45 deg. (x 15 000). ; 


Courtesy of Chrysler Corp. 
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Fic. 39.—-Electron Micrograph of Tempered Martensite, 1 hr. at 1100 F., Picral Etch, Parlodion 
i Chromium Shadowed at 45 deg. (X 15,000). 


7 Courtesy of General Motors Corp. 
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Fic. 37.—Light Micrograph of Tempered Martensite, 1 hr. at 1100 F., Picral Etch ( 2500). 
Courtesy of United States Steel Corp. 


te + Fic. 38.—Electron Micrograph of Tempered Martensite, 1 hr. at 1100 F., Picral Etch, Formvar 
co he Replica, Chromium Shadowed at 45 deg. (X 2500). 
Courtesy of Chrysler Corp. 
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Fic. 40.—Light Micrograph of Spheroidized Carbides, 12 hr. at 1250 F., Picral Etch (x 2500). 
United States Steel 
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‘Fic. 41.—Electron Micrograph of Spheroidized Carbides, 12 hr. at 1250 F., Picral Etch, Formvar 
Replica, Chromium Shadowed at 45 deg. (X 2500). 


Courtesy of Chrysler Corp. 
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Electron Micrograph of Spheroidized Carbides, 12 hr. at 1250 F., Picral Etch, Parlodion 
Replica, Chromium Shadowed at 45 deg. (X 15, 000). 


Courtesy General Motors Corp. 
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Fic. 43. ee Micrograph of Bainite, Partially Transformed at 500 F., Picral Etch (x 2500) 


Courtesy of United States Steel Corp. 


Bainite, Partially Transformed at 500 F., Picral Etch, Formvar 
Replica, Palladium Shadowed at 27 deg. (X 2500), 


Courtesy of Chrysler Corp. 
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Fic. 46.—Electron Micrograph of Tempered 
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_ Fic. 47.—Electron Micrograph of Tempered Martensite, 1 hr. at 1100 F., Picral Etch, Parlodion 
: Replica, Chromium Shadowed at 45 deg. (X 15,000). 
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Following is a brief summary of the meth- 
ods which the members of the committee 
have applied to the study of steel micro- 
structure with the electron microscope. Each 
step in the preparation of the final electron 
micrograph is listed, and the variations in 
procedure are indicated, together with the 
respective advantages and disadvantages, 
as judged by experience. The currently 
preferred technique is discussed first among 
the variations in each step of preparation. 

It should be pointed out that the currently 
preferred techniques do not necessarily 
represent the best available, but are those 
which have been useful in the present in- 
vestigation. In many instances active work 
is being continued on the application of 
other methods, or on the development of 
new methods, which will extend the avail- 
able information. 

I, SAMPLE 
(a) Mechanical Polishing:* 


Technique——The majority of specimens 
have been polished for electron microscope 
observation by mechanical procedures. 
These are essentially the same as those used 
for light-optical study. Alternate polishing 
and etching should always be employed to 
remove disturbed metal from the surface. 

Advantages.—Utilizes standard techniques 
and equipment. Easier to reproduce results 
than with electropolishing. 

“Disadvantages. —May produce “worked” 
surface; some tearing at the edges of car- 
bides and background roughness. 


(b) Electropolishing: 


Technique-—A minor number of labora- 
tories have used electropolishing for the 
preparation of some specimens. The solu- 
tions which have been used are: 


SUMMARY OF TECHNIQUES EMPLOYED IN THE Paes »N MICROSCOPE STUDY OF STEEI 


1. (Original Jacquet electrolyte). 
Bath.—1 part perchloric acid to 7 parts 
acetic anhydride, plus 50 ml. water 
per liter. 


Cathode.—Aluminum, about 50 v. d-c. 
Distance.—30 mm. with stirring. 


2. (New Jacquet electrolyte, modified). 
Bath.—1 part perchloric acid to 6 parts 
acetic acid, plus 10 ml. FeCl;-HCl 
etchant (see IT (0)). 
Other conditions as above. 
3. Bath.—50 ml. perchloric acid per liter 
of acetic acid or alcohol. 
Advantages.—Produces surface free from 
“worked” metal. 
Disadvantages.—Flectropolishing equip- 
ment and techniques are less commonly 
available, although the equipment may be 
easily constructed. There are some hazards 
in handling the preferred electrolytes, and 
difficulty in reproducing results. 


II. ErcHANTS 
(a) Picral:* 


Technique.—The specimen is etched in a_ 
solution containing 4 per cent picric acid in — 
95 per cent ethyl alcohol. 


standing some time in contact with iron | 
metal.! 
Etching time is 5 to 90 sec 


* Currently preferred technique. 
1 As in light-optical metallography, zephiran chloride 
is sometimes used to activate picral. 


The solution is | 
commonly activated with Fe*** ion, or by | 


; less than 30 
sec. is considered a light etch, over 30 sec. 
is a heavy etch. Light etches are recom- 
mended for fine pearlite and the bainites, 
although some laboratories prefer a light 
etch for all structures. 

After etching, the sample is washed ac- 
cording to either Sequence A or Sequence BD 
as follows: 


Al 
— 


> 
Sequence A 


1. 50 per cent methyl alcohol—50 per 


citric acid to minimize surface oxide 
formation. 


2. 50 per cent methyl alcohol—50 per 
cent acetone (second, clean wash). 
3. C.P. benzene. 
' 4. Dry with warm air. 
Sequence B 
: 1. Wash in hot running water. 
_ 2, Flood with liquid soap and scrub with 


finger (or cotton swab). 

Rinse under hot running water (or 
alcohol). 

4. Blow dry. 

Protect the surface immediately with a 
coat of formvar in chloroform. 

Advantages.—Distinguishes the various 
steel structures more satisfactorily. It is 
a standard etchant, widely used in light- 
optical metallography. Replicas may strip 
more readily from a surface etched with 
picral. 

Disadvantages—Does not differentiate 
between the earlier (below 700 F.) progres- 
sive stages in the tempering of martensite 
as well as ferric chloride. The same objec- 
tion may hold true for bainite. Etch prod- 
ucts may be formed that strip with the 
replica and confuse interpretation, espe- 
_ cially with the pearlites and upper bainite. 


(6) Ferric Chloride-Hydrochloric Acid: 


Technique.—The etchant contains: 

1 per cent HCl 

2 per cent FeCl, 

Balance, 95 per cent ethyl alcohol, or 

methyl alcohol 

The procedure is similar to that outlined 
above, excepting that the etching times are 
slightly shorter. 

Advantages.—May form less etch-prod- 
ucts and oxide on surface; differentiates 
carbide gradients and crystal structure 
better. 

Disadvantages.—Etching action has been 
less extensively studied by metallurgists. 
Replicas are more difficult to strip from 
FeCl,-HClI etched surface. 
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cent acetone mixture, plus 4 per cent 
oe 5 to 6 drops zephiran chloride (con- 


(c) Nital plus Zephiran Chloride: 


Technique.—The etchant contains: 
~ 50 ml. 2 per cent nital 


centrated) 

Etching times are generally much shorter 
than those of picral or FeCl;-HCl. 

Advantages.—Most satisfactory for etch- 
ing as-quenched and slightly tempered 
martensitic structures. 

Disadvantages.—Exceedingly active and 
difficult to control. Over-etches pearlite 
and bainite structures. 


(d) Electrolytic Etching: 


Technique.—The specimen is made the 
anode in an electrolyte. One solution which 
has been used is the FeCl;-HCl etchant. 

Electrolytic etching methods have been 
used to only a limited extent. However, 
present indications are that it is well suited 
for developing microstructures to be ex- 
amined electron-optically, provided close 
control of variables, such as electrolyte, 
temperature, voltage, etc. is exercised. we 
(e) Gas Ion Discharge: = 

Technique.—The specimen is made the 
cathode in a vacuum chamber containing 
argon or air at a pressure of 15 to 30 u of 
mercury. A d-c. potential (a-c. may be 
used) of 5000 to 10,000 v. is applied to 
cause a current of 5 to 10 ma. to flow. 

Advantages.—Produces a very clean sur- 
face and provides a means of etching micro- 
structures that are etched only with diffi- 
culty by other means. 

Disadvantages. — Requires specialized 
equipment and etching times are long. 
(The etching time is greatly reduced by 
placing the plane of the surface to be etched 
at right angles to the anode.) Sufficient 
results using this technique have not yet 
been obtained to allow complete evaluation. 

III. REPLicas 


(a) One-Step Plastic Replicas:* 


Technique.—Etched surface is covered 
with solution of plastic, draining off excess. — 


* Currently preferred technique. 


Several solutions are in general use, includ- 
ing the following: 
1. Fresh,* 0.75 per cent solution of form- 
var in freshly distilled dioxane.* 
Replica is removed by moistening 
surface with breath, and _ stripped 
with scotch tape upon which a screen 
has been placed. 
2. Fresh 0.5 per cent solution of form- 
var in dioxane. Replica is removed 
by stripping under warm water. Form- 
var replicas stripped by this method 
show no strain marks. 
. 0.75 per cent solution of parlodion in 
- amyl acetate. Replica is removed by 
any of several methods, including the 
use of a heavy polyvinyl alcohol 
backing film. Parlodion films appear 
to reproduce fine detail more satis- 
factorily, and are less likely to show 
holes and strain marks. 
. 2 per cent ethyl cellulose in ethylene 
dichloride. 
Shadowing of the Replica.—This step is 
essential for good contrast and detail. 
Advantages.—Rapidity and simplicity of 
equipment. The resulting electron micro- 
graphs show the same relief perspective 
as the original specimen surface, providing 
a high shadow angle and direct-printing is 
used. (See discussion of shadowing and 
photographic technique). These micrographs 
are more readily interpreted by metallurgists 
with light-optical experience. 
Disadvantages —Only moderate contrast 
and detail is obtained; there is difficulty in 
stripping, particularly from heavily etched 
surfaces. 


(6) Polystyrene-Silica: Gs 


Technique.—Polystyrene is molded 
against the etched steel surface at a pres- 
sure of 4000 to 8000 psi. and a temperature 
of 325 F. After cooling, the polystyrene is 
separated from the metal specimen and the 
plastic replica surface coated with SiO, by 
vacuum evaporation. (SiO or LiF may also 
be used, and are easier to evaporate.) The 
silica replica is stripped from the polystyrene 


2 Orientation of formvar develops after a few days in 
solution. 

3 Caution, peroxides, distillation from metallic sodium 
recommended. 
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in ethyl bromide containing 3 per cent 
benzene. 
Shadowing.—Infrequent. 
Advantages.—Ability to show very fine 
detail; extreme contrast. 
Disadvantages.—Difficulty of interpreta- 
tion and correlation with light-optical 
micrographs. Greater time and more elabo- 
rate equipment necessary for preparation. 
Polystyrene molding conditions will temper 
quenched martensite slightly. 


(c) Two-Step Positive Replicas; 

Technique.—The etched surface is covered 
with a meniscus of 15 per cent polyvinyl 
alcohol (low viscosity) in water. When 
dry the thick negative is stripped and the 
structure surface is replicated with formvar. 
The composite is placed formvar side up 
on water and the polyvinyl alcohol allowed 
to dissolve. The floating formvar positive 
is washed by drawing off the solution and 
replacing two or three times with clean 
warm water. 

An alternate method uses either 8 per 
cent cellulose nitrate in amyl acetate or 
10 per cent formvar in ethylene dichloride 
for the thick negative. After stripping, posi- 
tive replicas are made with SiO or LiF. 
The negative is dissolved away by condens- 
ing vapors of a suitable solvent on the rep- 
lica as it rests on a cooled specimen screen. 

Shadowing.—Infrequent. 

Advantages.—The thick negative replicas 
are easily stripped. 

Disadvantages —More time-consuming 
than direct stripped negative replicas. 
Electron micrographs of shadowed positive 
replicas must be reverse-printed in order 
to maintain the correct relief perspective 
of the original specimen. Artifacts are 


prevalent in polyvinyl alcohol negative - 


replicas. 


IV. SHADOWING OF REPLICAs* 


Shadowing is necessary on plastic replicas 
to obtain contrast and to render the smaller 
detail visible. 


Shadowing Materials —Chromium, pal- 


ladium, platinum, and uranium. 
Equipment.—The shadowing materials 
are evaporated from a tungsten filament in 


* Currently preferred technique. 
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a high vacuum chamber at pressures less V. PHOTOGRAPHY 1. 
than 10-* mm. of mercury. The shadowing Plates: ft 
metal may be contained in a spiral basket 1. Contrast lantern-slide emulsion.* F 
— plated onto a hairpin filament. 2. Medium lantern-slide emulsion (The 
- Shadowing Angle.—The shadowing angle new Ilford emulsions appear promis- 
varies from 1:1 (45 deg. to the plane of ing) 
q Photographic Paper—¥-3, F-4, F-5. 


the replica) to 2:1 (27 deg. to the plane of 

the replica). The lower angle is preferable 
for fine structures, whereas the higher < angle two-step replicas. 

is used for coarse structures and yields Reverse prints are made from a positive 

better results with a direct print. Contrast plate, contact-printed from the negative. 


Prints.—Direct print* for one-step repli- 
cas. Optional for polystyrene-silica and 


achieved with this high shadow angle Magnification. —2500 X and 15,000 on 
technique through the formation of a final prints. & 


“shadow cap. * Currently preferred technique 
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REPORT OF COMMITTEE E-5 
ON 


FIRE OF MATERIALS AND CONSTRUCTION! 


Committee E-5 on Fire Tests of 
Materials and Construction held one 
meeting during the past year in Pitts- 
burgh, Pa., on March 1, 1950. Meetings 
of subcommittees preceded this meeting. 

The committee now consists of 56 
members, of whom 25 are classified as 
producers, 9 as consumers, 16 as general 
interest members, and 6 as consulting 
members. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, A. L. Brown. 

Vice Chairman, W. J. Krefeld. 

Secretary, H.M. Robinson. 


NEW 


The committee recommends for publi- 
cation as tentative the proposed Method 
of Fire Hazard Classification of Building 
Materials as appended hereto.” A stand- 
ard for establishing the fire hazards of 
materials is urgently needed by manu- 
facturers, building code authorities, and 
other interests. Several test methods have 
been used for this purpose, but only one 
produces data on all of the factors con- 
sidered necessary for a proper classifica- 
tion of fire hazard. These factors are 
“ease of ignition,” “rate of flame spread,” 
“rate of combustion and heat generated.” 
The committee’s activities have so far 
been confined to establishing a_ test 
method for determining the fire hazards 
of wall and ceiling finish materials. The 


TENTATIVE 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

2 The new tentative method was accepted by the So- 
ciety and appears in the 1950 Supplement to ASTM Book 
of Standards, Part 4. 
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recommended tentative test method is, 
however, applicable to a wider range of 
materials and was developed by very 
careful study and research. Many ma- 
terials were tested and the fire hazards 
of materials are now being established 
by this method at the Underwriters 
Laboratories, Inc. Further study and 
research now under way may result in 
a reduction in the size of equipment 
needed and the costs of making tests. 


TENTATIVE REVISION OF STANDARD 


Standard Methods of Fire Tests of 
Building Construction and Materials 
(E 119-—47).*—The committee recom- 
mends the following additional new 
method of test, as appended hereto,' 
and the revision of Section 26 for publi- 
cation as tentative revisions: 

Alternate Test of Protection for Struc- 
tural Steel Beams and Girders—To be 
added as Sections 27 to 30 inclusive. 
This new alternate method permits 
conducting fire tests of structural floor 
beam and girders without application of 
load, the limits of fire endurance being 
defined by the temperatures of the steel 
at critical locations. The relation be- 
tween strength and temperatures of 
floor beam and girders has been quite 
well established in full-scale tests under 
load. 

Section 26(c).—Revise lines 5 and 6 
to read: “more than 250 F. (139 C.) in 
the case of floors and 400 F. (222 C.) in 


3 1949 Book of A.S.T.M. Standards, Part 4. 

‘ The new method was accepted as a “tentative revi- 
sion’ and appears in the 1950 Suppeanent to ASTM Book 
of Standards, Part 4. os 
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3 the case of roofs, above the initial tem- 
perature.” 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


Standard Methods of Fire Tests of 
Building Construction and Materials 
(E 119-47).3—The committee recom- 
mends adoption as standard of the ten- 
tative revisions pertaining to Sections 
3(a), and 5(5). 

Standard Method of Test for Combus- 
- tible Properties of Treated Wood by the 


Crib Test Method (E 160 -46).2—The 
- committee recommends that the tenta- 
tive revision of this standard, a new 
Section 4, be approved for reference to 
letter ballot of the Society for adoption 
as standard. 

Standard Method of Tests for Com- 
bustible Properties of Treated Wood by 
the Fire Tube Test Method (E 69 — 47).?- 
The committee recommends that the 
_ new Section 4 be approved for reference 
to letter ballot of the Society for adop- 
tion as standard. 


=. 


GENERAL ACTIVITIES OF THE 
COMMITTEE 


Standard Specifications for Fire Tests 
j of Materials and Construction.—Study 
is being given to the advisability of not 
only conducting fire tests on wood stud 
partitions loaded to the extent that full 
allowable stress will be developed in the 
studs, but also loaded only to the extent 
contemplated in actual use. The need 
for a more precise defining of procedure 
for conditioning specimens for fire test- 
ing is under consideration. 
Fire Tests of Lumber.—The need of a 
_ Standard method of test for evaluating 
y fire-retardant paints is under discussion. 
Fire Tests of Acoustical and Similar 
a Finishes.—Two study groups have been 
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bility of simplifying and reducing the 
cost of performing tests on interior wall 
and ceiling finish materials in accordance 
with the tentative procedure recom- 
mended by the committee, and the other 
to investigate and secure, if possible, 
the necessary funds and personnel for 
establishing a fellowship at the National 
Bureau of Standards for the purpose of 
conducting further research in connec- 
tion with the proposed tentative method. 

Nomenclature and Definitions.—-Con- 
siderable study has been given to the 
development of a definition for ‘in- 
combustibility,” and a draft of a pro- 
posed test has been under discussion. 
Testing laboratories were to conduct 
tests using this procedure and equipment 
in an effort to determine its usefulness. 
No conclusive results were attained due 
to the limited amount of testing that 
was done. The principal difficulty arises 
from trying to define “incombustibility.” 
A different approach to the problem is 
now being considered and a definition 
for “combustibility” is under discussion. 
Several testing laboratories have agreed 
to conduct tests on various materials 
to provide data from which it is hoped 
a suitable definition can be decided upon. 
An advisory study group has been ap- 
pointed to assist in the development of 
the necessary data. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 50 members; 46 members 
returned their ballots, of whom 43 have 
voted affirmatively and 2 negatively. 


Respectfully submitted on behalf of 
the committee, 
A. L. BROWN. 


H. M. Rosrnson, 


th | 
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Committee E-7 on Non-Destructive 
Testing met at Atlantic City, N.J., 
on June 28, 1949, in conjunction with 
the Annual Meeting of the Society. 
Numerous Executive Council and sub- 
committee meetings have been held since. 

The membership of the committee has 
increased during the year to 109, in- 
cluding 3 consulting members. The 
membership of Committee E-7 is not 
classified. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, J. H. Bly. 

Vice-Chairman, H. E. Seemann. 

Secretary, D. T. O’Connor. 


TENTATIVE CONTINUED WITHOUT 
REVISION 


In accordance with a special sub- 
committee’s recommendation last year, 
it is recommended that the Tentative 
Industrial Radiographic Standards for 
Steel Castings (E 71 — 47 T) be continued 
in their present form for one more year. 


GENERAL ACTIVITIES OF THE 
COMMITTEE 


The papers delivered at the Commit- 
tee E-7 technical meetings on Radio- 
graphy and Ultrasonic Testing held 
during the Annual Meeting in 1949 have 
been collected into two publications 
which are now in process of final editing 
and printing. They should be available 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 


ay 
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NON-DESTRUCTIVE TESTING! 


‘ine an 


soon after the Annual Meeting i in 1950.? 
Other general activities include: (J) 
Sponsorship during the Annual Meeting 
of a Symposium on the Rdle of Non- 
destructive Testing in the Economics of 
Production, and (2) Sponsorship of a 
Radiographic Section of the 1950 Photo- 
graphic Exhibit, the object of which is 
to show correlations between different 
non-destructive tests or methods. 


Subcommitiee I on Recommended Radio- 
graphic Procedure (H. E. Seemann, chair- 
man) has almost completed the initial 
work on its Proposed Tentative Recom- 
mended Practice for Radiographic Test- 
ing and hopes to present the preliminary 
document for Committee E-7 comment 
and trial at the Annual Meeting. 

Subcommitiee II on Radiographic 
Standards for Steel Welds (Alexander 
Gobus, chairman), charged with the 
responsibility of preparing specimens 
containing various discontinuities gen- 
erally encountered in steel welds and 
making standard radiographs of the 
specimens, has reached agreement on 
the types and sizes of specimens to be 
prepared initially and on the radio- 
graphic methods to be employed. The 
sample preparation has been assigned 
to various volunteers who will also pre- 
pare radiographs. Further radiography, 
as necessary, will be assigned to other 
volunteers, and the specimens and final 
radiographs will be the property of the 


blications, STP No. 96, July, 
anuary, 1951. 


2 Issued as separate 
1950, and STP No. 101, 
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Society. Two of the volunteers report 
good progress in the sample-preparation 
phase; radiographs of one set of samples 

_ will be available for examination by the 
subcommittee at the time of the Annual 
Meeting. 

Subcommittee III on Magnetic Parlicle 
and Fluorescent Penetrant Testing of Steel 
Castings (Hamilton Migel, chairman) 
has decided to limit its activities initially 
to magnetic particle testing of “large” 
steel castings (over 20 in. in any dimen- 
_ sion), and to begin by preparing a set 
of specific recommended procedures giv- 
ing detailed information on the procedure 
for inspection of such castings. This work 
is now under way, and the subcommittee 
hopes to have the preliminary document 
in fair shape by the time of the Annual 
Meeting. 

Subcommittee IV on Collaboration with 
Committee E-11 (R. C. McMaster, chair- 
man) had as its objective originally the 
sponsorship of a joint symposium in 
1950 with Committee E-11. This turned 
out to be impracticable, since Committee 
E-11 is occupied this year with other 
considerations, and the Executive Coun- 
cil agreed on a symposium on the Role 
of Non-Destructive Testing in the Eco- 
nomics of Production, to be sponsored 
Solely by Committee E-7, instead. H. 


bi 


waged 
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Lester was appointed general chairman 
of this symposium, and the manifold 
problems of publicity, coordination, and 
specific arrangements were assigned to 
Subcommittee IV. This symposium, 
planned as a part of the 1950 Annual 
Meeting, has therefore been the project 
of the subcommittee for this year.’ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 106 voting members; 76 mem- 
bers returned their ballots, of whom 70 
have voted affirmatively and 0 nega- 


tively. 


Respectfully submitted on behalf of 


the committee, 
Chairman. 
D.T.O’Connor, 
Secretary. 


* In addition to the papers presented at this symposium, 
several other papers dealing with non-destructive testing 
wee naseentel at the 1950 Annual Meeting. These were as 

C. H. Hastings, “An Evaluation of Radiography, with 
Particular Emphasis on Detection Methods.’’ ASTM 
Buttetin, No. 172, February, 1951, p. 66. 

R. D. Kodis, ‘The Development of a Flaw Detector for 
Tubes,” see p. 1196. 

D. Berdan and R. K. Bernhard, ‘‘Pilot Studies of Soil 
Density Measurements by Means of X-Rays,” see p. 
1328 

A. G. H. Dietz, G. M. Kavanagh, P. J. Closmann, and J. N. 
Rossen, ‘““The Measurement of Dynamic Modulus in 
ene Joints at Ultrasonic Frequencies,”’ see p. 


J. L ‘Pulse Techniques Applied to Dynamic Test- 
ing,”’ see p. 
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FATIGUE! 


In December, 1949, the Manual on 
Fatigue Testing was published? It is 
believed that this book will be helpful 
to those setting up facilities for fatigue 
testing and to those responsible for the 
reporting of such tests. The section on 
nomenclature has been of wide interest, 
judging from correspondence. The ex- 
cellent Headquarters’ work of Carter 
S. Cole, who passed away November 17, 
1949, was an important contribution to 
the Manual. 

The Papers Review Subcommittee 
has been active throughout the year. A 
Session on Fatigue was arranged for the 
Pacific Coast Meeting in October, 1949, 
comprised of the following papers: 

“Discussions of a Century Ago Concerning 
the Nature of Fatigue and Review of Some 
of the Subsequent Researches Concerning the 
Mechanism of Fatigue,” R. E. Peterson, West- 
inghouse Electric Corp., East Pittsburgh, Pa.,* 

“Fatigue Characteristics of Aircraft Materials 


and Fastenings.””’ Thomas Piper, K. F. Finlay 
and A. P. Binsacca, Northrop Aircraft, Inc., 
Hawthorne, Calif.,' 


“Fatigue Strength of Steel Through the Range 
from 3 to 30,000 Cycles of Stress,” M. H. Weis- 
man and M. H. Kaplan, North American Avia- 
tion, Inc., Inglewood, Calif.,® 

“Fatigue Notch Sensitivities of Some Aircraft 
Materials,” H. J. Grover, Battelle Memorial 
Institute, Columbus, Ohio.*® 


In addition to the papers on Fatigue 
presented at the Pacific Coast Meeting, 
a Fatigue Session was held at the Annual 


1 Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 


2Issued as a separate publication, STP No. 91, 
December, 1949. 
— Buttetin, No. 164, February, 1950, p. 50 


(TP62 
4 ASTM BuLLeTIN, No. 166, May, 1950, p. 60 (TP122). 
4 See p. 649. 
6 See p. 717. 
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Meeting. Committee E-9 was _ instru- 
mental in providing a number of papers 
for this session. 

H. F. Moore, chairman of Task Group 
on Effect of Speed of Testing on Fatigue 
Test Results of Committee E-1, gave a 
summary of this work at the meeting of 
Committee E-9. The report of the Task 
Group is printed as Appendix I to the 
1950 Report of Committee E-1 on Meth- 
ods of Testing. 

A Survey Subcommittee was ap- 
pointed, consisting of T. J. Dolan (chair- 
man), J. A. Bennett, E. J. Greene, L. R. 
Jackson, and W. C. Lewis. The primary 
objectives of the subcommittee were: 

1. To prepare a list of all fatigue proj- 
ects that are now in progress in the prin- 
cipal laboratories of the United States 
and Canada. 

2. To compile a list of fatigue topics 
on which further information is desired. 

It was felt that this information would 
prove valuable in eliminating duplica- 
tion of effort, and in calling attention to 
desirable types of research work that 
might serve as thesis projects in univer- 
sity research laboratories. Publication of 
the list of active projects should further 
serve to acquaint various agencies with 
laboratories currently conducting re- 
search of direct interest. 

The report of the Survey Subcommit- 
tee is appended hereto. It consists essen- 
tially of two lists corresponding to the 
aforementioned objectives. The subcom- 
mittee is to be commended for carrying 
out an extensive project in an unusually — 
short time. Some means, as yet neat 
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_ cided, will be devised for keeping the 
lists up to date. 

Committee E-9 has lost an outstand- 

_ ing member in the death of H. W. Gil- 

lett. His keen perception and clear, 

_ forceful writing have been of great value 

over the years. New committee members 

: are: B. J. Lazan, J. Marin, J. C. Millson, 
_ D. A. Paul and R. C. A. Thurston. 

This report has been submitted to 

letter ballot of the main committee 


ob 


Wes) 
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which consists of 37 members; 29 mem- 
bers returned their ballots, of whom 28 
have voted affirmatively —" nega- 


tively. 


Respectfully submitted on behalf of 
the committee, 
ms: R. E. PETERSON, 
Chairman. 
O. J. Horcer, lt 
Secretary. 


ite 


aes 


In January, 1950, a general question- 
naire was sent out to a selected list 
compiled by the subcommittee as fol- 
lows: 

A.—Government, association, or 

endowed research laborator- 

B.—University laboratories..... 46 
C.—Industrial and éommercial re- 

search laboratories......... 


221 
A total of 98 replies (44 per cent) have 
been returned thus far, of which 34 


organizations indicate no current re- 
search in progress and 64 laboratories 
have furnished information regarding 
at least one current project. 

In compiling the list of topics, ap- 
pended hereto, on which information 
is needed, it was found that many or- 
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ganizations had made similar suggestions 
with only slight difference in emphasis; 
in other instances, some of the sugges- 
tions received were rather broad or 
vague. These have, therefore, been edited 
to combine similar projects or to clarify 
the suggestions somewhat. These lists 
are undoubtedly incomplete; some re- — 
plies to the questionnaire are still being 
received. However, if it is deemed ad- 
visable, the lists could be revised or 
supplemented periodically and more 
complete coverage obtained. 


Respectfully submitted on behalf of 
the survey subcommittee, 
T. J. DoLAn, 
Chairman. 


W.C. LEwis, 
Secretary. 


¥ 
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CURRENT PROJECTS ON FATIGUE PROPERTIES 
OF MATERIALS 


Ground, Ordnance 
S. Army: 


1. Aberdeen Proving 
Department, U. 


(a) The effect of acid pickling and various 
inhibitors on the fatigue strength of low, 
medium, and high-carbon steels. 


2. Materials Laboratory, Air Materiel Com- 
mand, A.A.F.: 


(a) Fatigue properties in bending and 
axial loading of unnotched and notched 
extruded ZK60 and AZ80 magnesium 
alloys. 

(b) Statistical study of fatigue properties 
in reversed bending of 75S-T6 aluminum 
alloy rolled plate. 

(c) Fatigue properties in axial loading for 
various mean stresses in S.A.E. 4340 and 
S.A.E. 8630 steels at room and elevated 
temperatures. 

(d) Fatigue properties of inert-shielded 
tungsten-arc welded 14S-T and 75S-T6 
aluminum alloy plates compared to un- 
welded material. 

(e) Fatigue tests of turbine buckets at 
elevated temperatures. 


Materie! 


3. Propeller 
Command: 


Laboratory, Air 


(a) The fatigue strength of stainless steel 
rotor blade section of types suitable for 
helicopter use. 

(b) The fatigue strength of blade shanks 
for X76S-T aluminum alloy propellers. 


4. Aluminum Company of America: 


(a) Rotating-beam fatigue properties of 
commercial aluminum and magnesium alloys 
as currently produced, particularly with 
reference to new alloys and tempers and to 
improvements in production methods. 


(6) Fatigue strengths of commercial 


aluminum and magnesium 
various ranges of axial stresses. 

(c) Fatigue strengths of commercial 
aluminum and magnesium alloys at elevated 
temperatures. 

(d) Repeated-flexure fatigue strength of 
aluminum alloy sheet. 

(e) Fatigue strengths of commercial 
aluminum and magnesium alloys in presence 
of sharp notches. 

(f) Fatigue properties of commercial 
aluminum and magnesium alloys subjected 
to torsional stress. 

(zg) Effects of anodic coatings on the 
fatigue strength of aluminum alloys. 

(h) Static and fatigue strengths of several 
high-strength aluminum alloy bolted joints. 

(i) Fatigue strength of small joints in 
aircraft sheet. 


alloys under 


5. American Steel Foundries: 


(a) Fatigue strength of large hot-coiled 
helical compression springs of S.A.E. 1095 
and 8600 steels. 

(b) Effect of shot peening on fatigue 
strength of hot-coiled helical compression 
springs and of elliptic plates of S.A.E. 1095 
steel. 

(c) Effect of welding on fatigue strength 
of S.A.E. 1030 and 1330 steels. 

(d) Effect of prestressing screw threads 


in 8640 and modified 1030-N steels. a 


(a) The fatigue strength of various 
grades of galvanized steel wire subjected to 
reversed bending. 

(6) Evaluation of various grades of music 
spring wire in the rotating-arc fatigue testing 
machine. 

(c) Vibration fatigue characteristics of 
steel-reinforced aluminum cable and other 
composite types of electrical conductors 
under various tensile loads. 


6. American Steel and Wire Co.: 
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(@) Vibratory fatigue of 
various galvanized carbon steel and stainless 
steel 7-wire strands under various tension 
loadings and amplitudes. 

(e) Fatigue characteristics of high and 
medium carbon strip steels in reversed 
bending. 


7. Armour Research Foundation: 


(a) Fatigue tests under progressive load, 
to determine endurance limit by means of a 
shorter and less expensive test. 


8. Baldwin Locomotive Co.: 


(a) The development of a high-tempera- 
ture fatigue machine for simulated service 
testing of turbine bucket materials. 


9. Barnes-Gibson Raymond Division, As- 


sociated Spring Corp.: 


(a) The effect of temperature on the 
fatigue properties of steel spring wire. 


10. Battelle Memorial Institute: 


(a) Investigation of induction heating in 
relation to industrial gas heating—effects of 
case depth and metallurgical structure on 
the fatigue strength of S.A.E. 1045 steel. 

(b) The effect of severity of surface 
grinding on the fatigue strength of high- 
hardness vanadium ball-bearing steel. 

(c) The effect of notches on the direct 
stress fatigue strength of 24S-T, 75S-T, and 
S.A.E. 4130 aircraft sheet materials. 


11. Bell Telephone Laboratories, Inc.: 


(a) The influence of metallurgical vari- 
ables on the flexural fatigue properties of 
phosphor bronze sheet. 

(b) The flexural fatigue characteristics of 
lead and lead alloys. 


12. Beryllium Corp.: 


(a) The effect of heat treatment on the 
fatigue strength of beryllium copper wire. 


13. University of California at Berkeley: 


(a) The effect of stress frequency and 
temperature on the axial tensiof-compres- 
sion fatigue strength of Inconel. 


14. University of California at Los Angeles: 
(a) A study of the effect of residual stress 


upon the bending fatigue strength of 
notched 61S-T aluminum plate, using X-ray 
diffraction stress measuring equipment. 

(6) The effect of heat treatment on the 
bending fatigue strength of 0.020-i -in. beryl- 
lium copper sheet stock. ; 


15. Canadian Bureau of Mines: 


(a) The effect of various welding tech- 
niques on the fatigue strength of 5 per cent 
Cr, 0.5 per cent Mo steel pipe. 

(6) The effect of clamping conditions on 
the fatigue strength of plain carbon steel 
leaf springs. 

(c) The fatigue strength and dynamic 
creep properties of selected alloys at high 
temperature. 

(d) The effect of shot peening, stress 
relieving, and super-finishing on the rotating- 
beam fatigue strength of selected steels. 

(e) Results of rotating-beam fatigue tests 
to determine the optimum treatment for 
mining drill rod of S.A.E. 1080, Cr-Mo, and 
Ni-Cr-Mo steels. 

(f) A study of factors affecting the 
fatigue notch sensitivity of various steels at 
different hardness levels. 


16. Case Institute of Technology: 


(a) The rotating-beam fatigue limit of 
cold drawn steel as a function of cold work. 


17. Civil Engineering Department, Columbia — 


University: 
(a) The effect of intermittent rest periods 
at elevated temperatures on the fatigue 


life of butt-welded mild steel specimens in 
bending. 


18. Consolidated Vultee Aircraft Corp., San 
Diego Division: 


(a) Effect of repetitions of load at a 


varying stress levels on the fatigue life and 
static strength of 24S-T sheet. 


(b) Fatigue tests of riveted and bolted __ 


joints of 75S-T sheet. 


19. Cornell Aeronautical Laboratory, 


(a) The effect of temperature on the 
relative fatigue life of some high-temper- 


Ine.: 


ature alloys as determined with a modified — 


G. 


Resonance 
machine. 


Testing 
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(6) The effect of stress concentrations on 
the fatigue life of aluminum aircraft alloys 
under axial loading, for high mean stresses. 


20. Douglas Aircraft Co., Inc.: 


(a) The fatigue strength of riveted or 
bolted joints or both in aluminum and 
magnesium alloys as affected by rivet or 
bolt size, pattern and sheet gage. 

(6) Pre-stressing techniques to overcome 
the effect of fatigue concentrators. 


21. E. I. du Pont de Nemours and Co., 
Engineering Department: 


(a) A statistical study of the effect of 
anisotropy of forged S.A.E. 4340 steel on its 
fatigue strength under combined stresses. 


22. Ecole Polytechnique, 


(a) The fatigue strength under tension- 
tension loading of single and multiple 
spot-welded sheets, with and without high 
pressure treatment. 


23. Flakice Corp: 


(a) The effects of temperature and cor- 
rosive media on ‘the fatigue life of metal 
conveyor belts. 


24. Ford Motor Co.: 


(a) The measurement by X-ray dif- 
fraction of the depth of deformation layer 
in pressure-rolled bearings and fillets and 
its relation to fatigue. 


Montreal: 


25. Frankford Arsenal, Ordnance Department, 
U. S. Army: 


(a) The effects of shock and vibrations 
of an aircraft on ordnance materiel. 


26. General Electric Co.: 


(a) Fatigue tests of completed parts and 
assemblies and the effect of surface treat- 
ments on their fatigue properties. 

(b) Flexural fatigue strength of spot- 
welded joints under non-zero mean stress. 

(c) A study of the effect of notches and 
shot-peening on the high temperature 
fatigue properties of S-816 and Timken 
alloy. 

(d) A study of the fatigue properties of 
materials and high temperatures’ under 
non-zero mean stress. 


(e) A study of the effect of rest periods 
and low-temperature anneals on the fatigue 


life of metals. aot 
27. The Glenn L. Martin Co: 


(a) A study of possible methods of 
improvement of fatigue characteristics of 
75S-T6 sheet by alteration of heat treat- 
ment procedure. 

(b) The effect of residual stress from 
forming operations on fatigue strength of 
75S-T6 extrusion. 


28. Goodyear Aircraft Corp.: 


(a) A fatigue study on riveted joints of 
balsa-aluminum sandwiches in shear and 
bending. 


29. Hamilton Standard Propellers: 


(a) A study of some variables which 
affect the fatigue strength of braze-steel 


composites. 


(a) The effect of cyclic stress history on 
the fatigue life of S.A.E. 1045 steel and 
24S-T aluminum. 


30. Harvard University: 


31. Haynes Stellite Division, Union Carbide 
and Carbon Corp.: 


(a) Determination of high temperature 
fatigue properties of Haynes alloys Nos. 
21, 25, 36, and 88. 


32. Hunter Spring Co.: 


(a) A study of factors influencing the 
fatigue life of “NEG’ATOR”’ springs. i 
(6) Fatigue tests on spring wire. = 


33. International Harvester Co., 


facturing Research: 


Manu- 


(a) Comparative fatigue properties of 
molybdenum- and chromium-bearing steels 
for ball bearing races and balls; effect of 
surface finish and corrosion. 


34. Department of Civil Engineering, Uni- 
versity of Illinois: 
(a) The fatigue strength of bolted struc- 
tural joints. 
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(b) A study of fatigue test results on 
metals subjected to cycles of repeated com- 
pressive loading. 
(c) The effect of residual stresses on 
cumulative damage in fatigue. 


35. Mechanical Engineering Depariment, 
University of Illinois: 


(a) The effect of the heat treatment and 
metallographic structure upon the fatigue 
strength of carburized steels. 


36. Department of Theoretical and Applied 
Mechanics, University of Illinois: 


(a) The effect of superposition of stress- 
raisers on the rotating-beam fatigue strength 
of §.A.E. 4340 steel. 

(b) The investigation of fatigue damage 
in cartridge brass by a recrystallization 
method. 

(c) A study of the coaxing phenomena in 
fatigue of metals. 

(d) A study of the relation between 
metallurgical grain size, degree of cold 
work, and the fatigue characteristics of 
cartridge brass. 

(e) A study of the influence of cold 
work and residual stress on the torsional 
fatigue life of S.A.E. 2340 steel. 

(f) A study of phenomena leading to 
fracture in regions in which the nominal 
repeated stresses are compressive. 

(g) A study of slip lines and crystal 
breakup in fatigue of metals by means of 
the electron microscope. 

(hk) A critical study of notch-sensitivity 
in fatigue of metals. 

(i) The effect of shape of cross-section 
on the flexural fatigue strength of metals. 

(7) The effect of stress history on the 
fatigue behavior of 75S-T aluminum alloy. 

(k) The effect of elevated temperature 
on the fatigue strength of polyester-fiber- 
glass laminates. 

(1) The effect of mean stress and notches 
on the fatigue strength of S.A.E. 4340 steel 
in bending and in torsion. 

(m) The effect of state of stress and 
mean stress on the fatigue strength of 
metals. 

(n) The effect of low temperature on the 
fatigue properties of polystyrene and 25S-T 


aluminum 
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o) A study of fatigue-testing methods 
used for plastics. 

(p) The combined effect of mean stress 
and different states of stress on the fatigue 
strength of X76S-T aluminum alloy. 

(q) Fatigue characteristics of plain con- 
crete in flexure. 

(r) The fatigue properties of steels used 
for railroad rails. 


37. Lehigh University: 


(a) The effect of prior plastic strain, 
heat-treatment, and welding on the fatigue 
strength of pressure vessel type steels. 


38. Lockheed Aircraft Corp.: 


(a) The fatigue strength of axially 
loaded high-strength alloy steels as affected 
by notch severity and specimen size. 

(b) A study of the fatigue strength of 
aluminum alloys under distributed loading 
spectrums. 

(c) The development of a fatigue failure 
warning indicator coupon to warn of ap- 
proaching fatigue failure in- aircraft struc- 
tures. 


39. Menasco Manufacturing Co.: 


(a) The design, manufacture, and testing 
of a complete aircraft landing gear to with- 
stand a definite number of cycles of repeated 
loading in the finite life range of fatigue. 


40. P. R. Mallory and Co., Inc.: 


(a) The fatigue strength of titanium 
alloys. 


41. North American Aviation, Inc.: 


(a) The fatigue properties of notched 
and unnotched specimens of titanium sheet 
subjected to tension-tension loading. 

(b) Mechanical properties of stainless 
steel type 303 condition B. 


42. New York Naval Shipyard, U. S. 
Navy: 


(a) Fatigue study of most satisfactory 
methods of salvaging diesel engine crank- 
shafts. 

(6) The design and development of 
resonance-type fatigue test machines and 
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automatic controls for tests in bending 
and torsion. 

(c) A study of the influence of materials, 
methods of machining, and combined 
stresses on the fatigue life of crankshafts. 

(d) Fatigue strength of large riveted or 
welded joints as used in structural members 
of naval vessels. 

(e) Flexural fatigue strength and quality 
control tests of plastics, boat hull and canopy 
materials. 

(f) Fatigue tests to evaluate adhesive 
strength of polymer-type caulking compounds 
to wood planking. 


43. Aeronautical Materials Lab., Naval Air 
Experimental Station, Navy Department: 


(a) Study of the effects of controlled 
overstress on the endurance strength of 
aluminum and magnesium alloys. 

(6) The effect of flight stress on the 
mechanical properties of sheet taken from 
aircraft wing panels, particularly on fatigue 
strength. 

(c) The comparative fatigue strength of 
various heat-resistant alloys in sheet form 
at elevated temperatures. 

(d) Simulated service fatigue tests of 
turbine blade specimens at elevated temper- 
atures. 

(e) Comparative 
cemented, riveted, 
metal joints. 

(f) Flexural fatigue strength of high- 
strength glass fabric-polyester resin lamin- 
ates for use in aircraft. 

(g) Investigation to study shock absorber 
cords by repeated flexing for revision of 
Specification AN-C-175. 


fatigue tests of 
and cemented-riveted 


44. U. S. Naval Engineering Experiment 
Station: 


(a) Fatigue as a method of evaluating 
various metallizing and electroplating pro- 
cedures for reconditioning work on damaged 
machinery components. 

(A The fatigue properties of S.A.E. 
4340 steel diesel engine crankshafts fabri- 
cated by welding. 

(c) The corrosion fatigue properties of 
high-strength marine-propulsion — shafting 
covered with an overlay of corrosion-re- 


sistant alloy. 


REPORT OF SURVEY OF E- 9 


(d) The effect of keyways on the torsional 
fatigue properties of steel propulsion shaft- 
ing. 

(e) The fatigue properties of high-strength 
propulsion shafting as affected by flame- 
hardening in localized areas. 

(f) The fatigue properties of titanium and 
its alloys. 


45. Naval Research Laboratory: 


(a) The effect of fluctuating stresses on 
the finite fatigue life of metals at elevated 
temperatures under conditions of axial 
loading. 

(6) The relation between internal friction 
or damping and the state of fatigue in 
metals. 

(c) Rotating-beam ides properties of 
engineering materials in the finite life range 
of 1 to 20,000 cycles. 


46. Ohio State University: 


(a) Fatigue failure of metals subjected to 
biaxial stresses. 

(6) A study of the effect of stress con- 
centration on the fatigue life of metals. 

(c) An experimental study of cumulative 
damage in fatigue of metals. 


47. Oklahoma Power and Propulsion Lab., 
Oklahoma A & M College: 


(a) Investigation of fatigue strength of 
alloy steel pin in shear. 

(6) Investigation of static and fatigue 
strength of several commercially available 
adhesives for metal-to-metal bonding. 


48. Ontario Research Foundation: aes. 
(a) A study of the effects of corrosive 
media and various conditions of dynamic 


loading on the fatigue life of wire rope. 


49. Pennsylvania Railroad: 


(a) Corrosion-fatigue of rail web steel 
in repeated bending. 


50. Pennsylvania State College: 


(a) The effect of elevated temperatures 
on the fatigue strength of 14S-T aluminum 
as determined with the Westinghouse high- 
temperature, vibration fatigue machine. 

(6) The fatigue strength of Douglas 


fir in completely reversed bending. ei 
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(c) The effect of specimen size on the 
flexural fatigue strength of S.A.E. 1020 
steel as compared with values predicted by 
Weibull’s statistical method. 

(d) The fatigue strc 1 of Alcoa 14S-T 
aluminum alloy as aff ted by combined 
tension-tension fatigue stresses. 


51. Princeton Fatigue Testing Laboratory: 


(a) The effect of corrosion on the fatigue 
strength of steel and copper wires at room 
and elevated temperature. 

(6) The fatigue strength of small steel 
cable subjected to pulsating tensile loads. 

(c) Fatigue testing of automotive tires. 


52. Purdue University, Timken Roller Bear- 
ing Co., and Westinghouse Research 
Labs.; Size Effect Investigation: 


(a) The effect of specimen size on the 
shape and location of the S-N curve for 
S.A.E. 4140 steel under axial loading. 


53. Standard Steel Spring Co.: 


(a) An investigation of some factors 
affecting the fatigue life of leaf and coil 
steel springs. 


54. Syracuse University: 


(a) Damping capacity, elasticity and 
fatigue properties of temperature resistant 
materials at room and elevated temper- 
atures. 

(6) Creep and rupture characteristics of 
six temperature-resistant materials under 
static and dynamic forces at 1350 F. and 
1500 F. 

(c) Fatigue testing of commercial parts 
and materials for evaluating and rating 
serviceability. 

(dq) A study of the relations between 
damping capacity, dynamic modulus of 
elasticity and the fatigue properties of 
selected metals. 


55. Wayne University: 

(a) The effect of electrical energy input 
on the fatigue strength of aluminum under 
tension-tension loading. 

56. U. S. Forest Products Laboratory: 


(a) The effect of repeated bending loads 
on wood materials used for bridge stringers. 


On Faticue Projects 


(b) The relative fatigue strengths of 
adhesive bonded metal-to-metal lap joints 
at room, elevated, and reduced temper- 
atures. 

(c) The relative fatigue 
sandwich constructions for 
shear. 


strength of 
aircraft in 


57. Metallurgy Division, National Bureau 
of Standards: 


(a) A study of the fundamental proper- 
ties of metals which affect their notch 
sensitivity in fatigue. 

(b) Detection of fatigue damage in 4130 
steel by a study of surface stresses in 
statically loaded specimens by means of 
X-ray diffraction. 

(c) The effect of chromium plating on the 
rotating beam fatigue strength of S.A.E. 
X4130 steel. 


58. Engineering Mechanics Section, National 
Bureau of Standards: 


(a) The fatigue characteristics of riveted 
joints fabricated from various high-strength 
aluminum alloys. 

(6) The fatigue strength in completely 
reversed bending of several simplified 
wing beams fabricated from high-strength 
aluminum alloy sheet. 

(c) The effects of a sequence of fatigue 
stresses having two maximum amplitudes on 
the fatigue life of high strength aluminum 
alloy sheet. 


59. Rock Island Arsenal: 


(a) The effect of surface finish on the 
fatigue life of high tensile, low-alloy rolled 
plate, in reversed bending. 


60. University of Washington: 


(a) Fatigue aspects of the stability and 
durability of bituminous paving mixtures 
as determined by repeated flexure at con- 
stant deflection. 


61. Westinghouse Research Laboratories: 


(a) The fatigue properties of wrought and 
cast gas turbine alloys at elevated temper- 
atures. 

(b) Range of stress under axial fatigue 
of 14S-T compressor rotor disk material. 

(c) See item 52. i 
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62. Tube Turns, Inc.: 


(a) S-N Relationships for piping com- 
ponents and fittings (welding elbows, 
miter bends, forged fabricated tees, etc.) 
and flanges (all types). 


63. The Timken Roller Bearing Co.: 


(a) The fatigue strength of 9}-in. dia- 
meter, press-fitted, crank-pin assemblies as 
influenced by composition and heat treat- 
ment of several steels. 

(6) The influence of press fitted wheels 
on the fatigue strength of full-size railroad 
passenger car axles made from quenched 
and tempered plain carbon steel. 

(c) A study of the size effect on filleted 
shafts of normalized S.A.E. 1050 steel. 

(d) A statistical study of the S-N curve 
for normalized and stress-relieved S.A.E. 
1050 steel. 

(e) The effect of heat-treatment on the 
fatigue strength of 7}-in. diameter filleted 
shafts of S.A.E. 1050 steel. 

(f) A study of the effect of residual 
stress on the fatigue strength of large steel 
shafts. 

(g) Size effect study of plain specimens 
53 and 0.30-in. diameter. 

(h) The fatigue testing of full size 
production members such as crankshafts 
having 8-in. diameter journals, oil well 
tool joints, etc. 


64. Aluminum Laboratories Limited: 


(a) The rotating-beam fatigue strength 
of aluminum alloys as influenced by method 
and quality of surface finish. 

(6) The effect of test-section radius on the 
fatigue strength of aluminum alloys. 


65. Department of Ceramic Engineering, Uni- 
versity of Illinois: 


(a) Evaluation of the effect of refractory 
ceramic base coats on the fatigue strength 
and fatigue life of various metals and alloys 
which are used or which it is desired to use in 
aircraft power systems. 


66. Massachusetis Institute of Technology: 


(a) The fatigue of aircraft structures in- 
cluding the study of the effects of cyclic 
loading on the mechanical behavior of alu- 
minum alloys. 
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67. Carnegie Institute of Technology: 


(a) The anisotropy of rotating-beam 
fatigue properties of S.A.E. 4340 steel gun 
forgings. 

(6) The statistical nature of the rotating- 
beam fatigue properties of S.A.E. 4340 steel 
forgings. 


68. Langley Aeronautical Laboratory, N.A. 
C.42 


(a) Investigation of size and shape effects 
on specimens representative of aircraft com- 
ponents and attempt to establish general 
relations that govern the phenomenon in- 
volved. 


69. National Advisory Committee for Aero- 
naulics: 


(a) Effect of surface finish on fatigue at 
elevated temperatures. 


70. Central Engineering Division, 
Corp.: 


(a) Determination of the fatigue prop- 
erties of S.A.E. 4023 quenched and drawn or 
annealed to several hardness levels. 

(b) Influence of “‘as cast’”’ surfaces and of 
variations in heat treatment on the fatigue 
characteristics of two cast irons. 

(c) Study of the fatigue properties of S.A.E. 
4063 at several hardness levels. 

(d) A study of the fatigue properties of 
isothermally treated steel and the influence 
of residual stresses on the test results. 

(e) Effect of specimen size and number of 
stress cycles on the effective strength reduc- 
tion factor in fatigue. 

(f) Investigation of the statistical nature 
of fatigue data and determination of the 
minimum number of test points required to 


produce a reliable S-N curve. og 


71. S.K.F. Industries, Inc.: 


(a) Study of endurance of simple test 
specimens of hardened steels to investigate 
possible correlation with endurance of ball 
bearings. 


Chrysler 


Irems IN FaTIGUE FIELD ON WBHICH 
INFORMATION Is NEEDED 


Basic Fatigue: 


(a) Corrosion: 
(1) Effect of combustion gases. 
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(2) Mechanism of fretting corrosion 
or chafing fatigue. 

(6) Cumulative damage: 

(1) Effect of loading at levels below 
endurance limit on fatigue life at other 
levels of stress. 

(2) Validity of cumulative damage 
theory. 

(3) Basic information on cumulative 
damage. 

(4) Effect of overstressing on sub- 
sequent fatigue behavior. 

(5) Effect of cycles of varying stress 
as compared to cycles of uniform stress. 
(c) Damping capacity: 

(1) Correlation of damping char- 
acteristics with fatigue life and frequency 
of loading. 

(d) Heat-treatment: 

(1) Effect on fatigue strength of 
various materials. 

(2) Effect on fatigue strength of 
plated parts. 

(3) Fatigue properties of hardened 
steels having a hardness exceeding Rock- 
well C45. 

(e) Resistance at elevated and reduced 
temperatures: 

(1) Effect of testing frequency. 

(2) Notch sensitivity at elevated and 
reduced temperatures. 

(3) Correlation of notch sensitivity 
in fatigue with that of impact and for 
static conditions at elevated temper- 
atures. 

(4) Effect of range of stress. 

(5) Creep in fatigue specimens at 
elevated temperatures. 

(6) Fatigue of heat-resistant alloys 
at elevated temperatures. 

(7) Effects of temperature gradients 
such as are experienced in gas turbines 
and blast-driven turbo pumps. 
(f) Fatigue crack: 

(1) Propagation. 

Initiation. 

(3) Residual stresses at tip of crack. 
(4) Method of detecting damage 
prior to formation of crack. 

(5) Correlation between magnetic 
properties and progress of failure. 
(g) Loading: 


* (1) Effect of wave form. 


af 
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(2) S-N curves between 1 and 50,000 
cycles (both notched and plain specimens) 
for aircraft materials. 

(3) Effect of speeds of less than 50 
cycles per minute on S-N curves. 

(4) Relation between conventional 
data and simulated test data obtained 
by high versus low frequency loading 
superimposed with interrupted loads. 
(h) Material: 

(1) Fatigue properties for pure or 
commercially pure aluminum. 

(2) Fatigue properties in axial loading 
for plain and notched extruded sections 
of aluminum and magnesium alloys. 

(3) Fatigue: behavior in the plastic 
range. 

(4) Reverting of hard-drawn copper 
to soft condition under variable stress. 

(5) Effect of stress relief. 

(i) Notch sensitivity: 

(1) Effect of shape of notch. 

(2) Effect of severity of notch. 

(3) Effect of local plastic flow. 

(4) Effect of grain size in area around 
notch. 

(5) Correlation of fatigue concentra- 
tion factors with those obtained by other 
methods. 

(6) Effect of notches induced by 
impact. 

(j) Shape of specimen: 

(1) Effect of shape of cross section on 
axial and flexural fatigue. 

(2) Effect of size and geometry on 
chromium-plated parts. 

(3) Effect of size on fatigue behavior. 
(k) Stress level: 

(1) Behavior of materials at different 
levels (load spectrum). 

(2) Fatigue life for fluctuating loads 
at high stress levels. 

(3) Influence of combined stresses on 
fatigue strength. 

(2 Surface or near surface finish or 
treatment on fatigue: 

(1) Structure. 

(2) Hardness. 

(3) Decarburization. 

(4) Rolling (effective depth). 

(5) Plating (basic causes for reduction 
in fatigue life). 
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(6) Surface coatings on fatigue life of 
aluminum alloys. 

(7) Grinding. 

(8) Shot or sand blasting on fatigue 
life of extrusions or machined aluminum 
alloys. 

(9) The effect of residual surface 
stresses having a high stress gradient. 
(m) Theoretical considerations: 

(1) Structural action preceding fa- 
tigue damage. 

(2) Nature of fatigue phenomena. 


Fundamental Problems for Aircraft: 


(a) Magnitude and types of fatigue 
problems that exist in aircraft. 
(b) Frequency spectrum of the vibrations 

at various locations in an airplane 
in flight. 
Simple Machine Parts: 
(a) Cap screws: 
(1) Basic fatigue data. yak 
(2) Effect of cold working. -_ 
(3) Effect of heat-treatment. 
(4) Combination of bending and 
tension forces on screw. 
(6) Springs: 
(1) Effect of 
fatigue behavior. 


residual stress on 
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(2) Spring materials in fatigue in 
bending or in torsion (at other than room 
temperatures). 

(3) Effect of shot-peening while under 
stress. 

(4) Fatigue of helical spring washers. 
(c) Tubing: 

(1) Effect 
fatigue behavior. 

(2) Comparison of fatigue results of 
tubing versus solid bars. 

(3) Influence of fillets, flair, and 
external notches on fatigue strength. 

(4) Heavy-wall tubular sections, 
short life tests (100,000 cycles of stress 
or less). 

(d) Wire: 

(1) Fatigue of grooved copper and 

bronze trolley wire, and eT with 


service stresses. 
Pu: 


(1) Rubber isolation mountings for in- 
struments. Method of determining 
damage prior to failure. 

(2) Timber fasteners (nails, bolts, screws, 
connectors) under repeated loads. 


of wall thickness 


on 


Miscellaneous: 
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During the past year Committee E-11 
on Quality Control of Materials has com- 
pleted work on the first three sections of 
the A.S.T.M. Manual on Quality Control 
of Materials. These sections constitute 
revisions of the present A.S.T.M. Manual 
on Presentation of Data with its Supple- 
ments A and B. In addition to this, task 
groups have been working on a survey of 
A.S.T.M. sampling plans, recommended 
practices for the planning of inter-labora- 
tory tests, procedures for determining 
the number of tests for a desired precision 
of an average, the sampling of bulk mate- 
rials, and the fitting of curves for a linear 
relationship. A new task group has been 
authorized to study problems connected 
with the use of terms such as “precision,” 
“accuracy,” “reproducibility,” “relia- 
bility,” and allied terms. Committee E-11 
has given assistance to other A.S.T.M. 
committees and members on problems 
covering special phases of application of 
statistical methods to A.S.T.M. 
problems. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, H. F. Dodge. 


| 

Vice-chairman, A. E. R. Westman. 

Secretary, O. P. Beckwith. 

C. A. Bicking and E. G. Olds were 
elected members of the Advisory Com- 


mittee. 


1 Presented at the Filty-thie Annual Meeting of the 
Society, June 26-30, 1950 
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RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1949 Annual Meet- 
ing, Committee E-11 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
mendation that the Tentative Recom- 
mended Practices for Designating Sig- 
nificant Places in Specified Limiting 
Values (E 29-48T) be revised. This 
recommendation was accepted by the 
Standards Committee on September 22, 
1949, and the revised tentative recom- 
mended practices appear in the 1949 
Book of A.S.T.M. Standards, Parts 1, 2, 
3, 4, 5, and 6. 


ADOPTION OF TENTATIVE AS STANDARD _ 


Committee E-11 recommends that the 
Tentative Recommended Practices for _ 
Designating Significant Places in Speci- 
fied Limiting Values (E 29-49T) be 
approved for reference to letter ballot of 
the Society for adoption as standard 
with an editorial change substituting 
“conformance to” for “compliance with” 
throughout the text. 

The recommendation appearing in this 
report has been submitted to letter ballot 
of the committee, the results of which will 
be reported at the Annual Meeting. 


PUBLICATION OF MANUAL ON QUALITY 
CONTROL 


‘The committee recommends for pub- 
pees Sections 1, 2, and 3 of the A.S. 


QUALITY CONTROL OF MATERIALS! 


Report oF Commitree E-11 


T.M. Manual on Quality Control of Ma- 
terials to replace the present A.S.T.M. 
Manual on Presentation of Data and Sup- 
plements A and B.? 

Section 1 of the A.S.T.M. Manual on 
Quality Control of Material represents a 
relatively minor revision of the main 
section of the present A.S.T.M. Manual 
on Presentation of Data. It discusses the 
application of statistical methods to the 
problems of: 

(a) The condensation of the informa- 
tion ccntained in a single set of “‘n” 
observations, and 

(b) The presentation of the essential 
information in a concise form. 

Section 2 of the A.S.T.M. Manual on 
Quality Control of Materials represents 
a moderate revision of Supplement A 
of the present A.S.T.M. Manual on Pres- 
entation of Data. It discusses the prob- 
lem of presenting limits to indicate the 
uncertainty of the average, X, of a 
unique sample of “‘n’’ observations and 
suggests a form of presentation for use 
when needed in A.S.T.M. reports and 
publications. 

Section 3 of the A.S.T.M. Manual on 
Quality Control of Materials is an exten- 
sive revision of Supplement B of the 
A.S.T.M. Manual on Presentation of 
Data. The technical content of the re- 


2 Issued as a special technical publication, January, 
1951, (STP 15-C). 


placed publication is retained, but addi- 
tions and modifications are introduced. 
The principal changes are: 

(a) Reversal of the order of presenta- 
tion in the earlier publication, giv- 
ing first “Control—No Standard 
Given” and second “Control with 
Respect to a Given Standard.” 
Separate treatment of control 
charts for ‘Number of Defec- 
tives,” “Number of Defects,” and 
“Number of Defects per Unit.” 
Addition of material on control 
charts for individuals, as requested 
by members of the Society. 
Addition of appendices giving ex- 
planatory notes, a glossary of 
terms and symbols, tables and 
formulas found useful for reference 
purposes. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 22 members; 20 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
H. F. Dopce, 
Chairman. 
O. P. BECKWITH, © 
Secretary. 
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THCHNICAL PAPERS 


= EDGAR MARBURG LECTURE 


i PURPOSE of the Edgar 


-* aes Lecture is to have described at the Annual Meet- 
ings of the American Society for Testing Materials, by lead- 


f 


ers in their respective fields, outstanding developments in 
the promotion of knowledge of engineering materials. 
Established as a means of emphasizing the importance of 
promoting knowledge of materials, the Lecture honors and 
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CHEMICAL SPECTROSCOPY! 


TWENTY-FOURTH EDGAR MARBURG LECTURE 


By WALLACE R. BropE? 


In previous Marburg Lectures, such 
as G. L. Clark’s (1)° discussion on X- 
rays and C. E. K. Mees’ (2) discussion 
on color, there have been presented some 
of the basic concepts of radiant energy 
and its measurement. In this presenta- 
tion I shall endeavor to extract from 
these and other earlier discussions (3, 4) 
some of the basic concepts presented and 
to weave them into a survey on the 
application of spectroscopy to chemistry. 

Spectroscopy is the science of separa- 
tion of radiant energy, within prescribed 
limitations, into an ordered arrangement 
according to wavelength or frequency, 
and a study of the resulting monochro- 
matic or limited frequency radiation. 
Chemical spectroscopy is, more precisely, 
the use of spectroscopy in the solution 
of chemical problems, such as qualita- 
tive and quantitative analysis, and a 
determination of the physical state or 
nature of combination in molecules and 
their mixtures. 

Generally, some physical property is 
used to determine the identity or char- 
acter of a material, and in a systematic 
analysis procedure the materials are 
arranged in order of ascending or de- 
scending changes in this physical prop- 
erty. These properties may be purely 
mechanical, such as weight and viscosity; 
electrical, such as conductivity and 
capacity; thermal, such as_ melting 
point and thermal conductivity; or 
optical, such as refractive index and 
rotatory dispersion. Physical properties 
may be additive with the physical 

1 Read on June 27, 1950, before the Fifty-third Annual 
Meeting of the Society, Atlantic City, N. 

Director, National Bureau of Standards, 
Washington, D. C. 


3 The bo'dface numbers in parentheses refer to the list 
of references appended to this paper, see p. 557. 


effects of each property combining to 
produce an effect which is an average, 

such as refractive indices or rotation— 
where there is no interaction between 

the different molecules and one substance 
is merely the diluent of the other. 

Other properties, however, are not 
additive but rather constitutive and 
remain as separate effects characteristic 
of the specific substance, even in mix- 
tures—such effects would be X-ray and 
mass. spectra diffractions. The fields of 
emission and absorption spectroscopy 
involve such constitutive properties, in 
which spectra of certain components 
retain their individuality in mixtures. 

In this discussion an attempt is made — 
to survey briefly the extensive field of | 
the application of spectroscopy to chemi- 
cal analysis. This is a major undertaking, 
as thousands of research articles and 
many books (5 to 10) have been written 
on this subject, especially in the past 
decade. 

While the term spectroscopy has been 
variously used to represent the ordered 
arrangement of any group of substance 
or effects, such as a spectrum of people, 
elements, or materials, we would prefer 
te confine it to its radiant energy concept, 
which would eliminate even mass spectra 
data from our discussion; in fact this 
discussion will be further restricted to 
those regions of radiant energy which 
lie between the far infrared and the far 
ultraviolet. 

Spectroscopy has proven to be one 
of the most powerful of our modern 
research tools in probing our mechanical 
universe from the submicrostructure of 
atoms and molecules to the macro 
phenomena of temperature, speed, and > 
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direction of motion of our stellar bodies. 
The principal users of spectroscopy 
have been the chemists and physicists, 
in fact, the earliest applied develop- 
ments in spectroscopy were by chemists 
and are considered to date from the time 
of Kirchhoff and Bunsen (11) in 1860. 
Inability to apply spectroscopy to more 
precise determination led to its gradual 
abandonment by chemists in the latter 
part of the Nineteenth Century, and 
even Kayser in his “Handbuch der 
Spektroskopie” (12) in 1910, concluded 
that qualitative spectroscopic analysis 
was not too useful and that quantitative 
spectroscopic analysis was impractical. 

As a good example of the interde- 
pendence of the advance of one field of 
science upon the advances of another, 
the work of physicists in what might be 
called physical spectroscopy, that is, 
theory of spectra and spectral energy 
analysis and photography, was essential 
to provide the chemists and applied 
physicists with the required information 
which was lacking in the 1870-1880’s 
and which, when finally available in 
the 1910-1920’s, provided the basis for 
the application of spectroscopy to chemi- 
cal analysis. Our modern quantitative 
spectroscopic analysis and the expansion 
of this science dates from the pioneering 
work of de Gramont (13) in this period 
and perhaps more precisely from the 
publication from the National Bureau 
of Standards by Meggers, Kiess, and 
Stimson (14) on “Practical Spectro- 
graphic Analysis” in 1922. _ 


The theories of atomic structure 
which have been developed in the 


present century form the background 
for our explanation of the observed 
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EmIssiIon SPECTROSCOPY 


The field of chemical spectroscopy is 
of particular interest to the American So- 
ciety for Testing Materials where empha- 
sis is placed on quality specification and 
improved methods of analysis and test- 
ing. As will be mentioned subsequently 
in this presentation, A.S.T.M. has played 
no small part in the last quarter century 
in the development of this field of chemi- 
cal spectroscopy. Equally proud of its 
contribution to the field of chemical 
spectroscopy is the institution which I 
represent, the National Bureau of Stand- 
ards, which has cooperatively supported 
the actitivies of the A.S.T.M. in this 
and other fields. 

In confining this discussion to chemical 
spectroscopy it is necessary to omit, in 
the interest of brevity, the earlier his- 
torical and development work in both 
chemical and physical spectroscopy and 
to proceed at once to the technical 
consideration of the subject. A somewhat 
elementary approach has been employed, 
which it is hoped will be indulged so that 
the subject will be more easily followed 
as a fairly rapid coverage of it is pre- 
sented. In what is more or less a standard 
procedure of subdivision two separate 
fields of chemical spectroscopy will be 
considered—(a) emission and (b) ab- 
sorption. In the emission field qualitative 
and quantitative elemental analysis will 
be considered, and in absorption, the 
infrared, visual, and ultraviolet absorp- 
tion spectra as applied to the identifica- 
tion of atomic combinations and mole- 


cules. 
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emission and absorption spectra (15 to 
20). It will not be necessary, in a discus- 
sion of an applied science such as 
chemical spectroscopy, to acquire a full 
understanding of these theories so as 
to apply the principles involved. In a 
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broad ee it may be accepted 
as axiomatic that atoms are composed 


of positive cores made up of protons and 
neutrons and surrounded by shells or 


from what might be termed its stable 
level to some outer level of higher energy 
state. If sufficient energy is applied the 
electron may be removed from the atom, 
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1.—Graphic Indication of the irene Distribution of Radiant Energy. 


_ Fic. 2.—Qualitative Representation of (a) Emission, (b) Absorption, and (c) Normal State. 
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evels of electrons, the number and 


locations of which are fixed by certain 
laws of physics. 

By application of energy, which may 
be in the form of heat, light, or elec- 
tricity, an electron may be displaced 


Fic. 3.—Hydrogen Spectrum. 


thus leaving an ion with a positive saan 
resulting from the loss of an electron. 
The excited atom produced by pushing 
out of an electron may revert to the 
normal state by loss of energy resulting 
from the return of the electron to its 
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normal position; this return may take 
place in a single movement from the 
excited state or the electron may move 
to intermediate positions or shells in 
the process of return. Each movement 
results in the loss of energy and the 
energy is emitted in the form of radiant 
energy. Since each movement is in 
accordance with definite laws, these 


tronic structure of the atoms the greater 
the variety of lines produced in the 
emitted spectra, although there will 
appear to be a certain order or similarity 
in the spectra of certain electronically 
similar elements (21). 

Elements with only one electron in 
the outer shell, as in the case of Na, K, 
etc., can be easily excited. The charac- 
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Fic. 4.—Ionization Potential of Some of the Elements (I) and Ionization Potentials of these 
Singly Ionized Elements to Doubly Ionized Elements (II). ie] 


In the II series, note that the zero voltage for each element is its single-ionization potential. _ 


discrete energies may be recorded as of 
different frequencies since there is a 
definite relationship between the fre- 
quency or wavelength of radiant energy 
and the equivalent voltage or charge 
(Fig. 2). 

Simple atoms like hydrogen (Fig. 3) 
will show a limited number of series of 
lines in their spectra, corresponding to 
progressive shifts of electrons in excited 
atoms as they revert to their normal 
position. The more complex the elec- 
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teristic yellow sodium flame is produced 
by the heat of an ordinary flame, whereas 
in the case of those elements in which 
there is a completed electron shell, such 
as neon, a high voltage is required to 
displace an electron. The ease of ioniza- 
tion, or electrical potential that is re- 
quired for removal of the first electron 
(Fig. 4), shows this periodic relationship 
and the spectra produced in the return 
of the electron to the normal atom is 
referred to as the neutral or I spectra. 
The second electron to be removed, in 
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I would be similar but 


returning to its normal position results 
in what is known as II spectra, and suc- 


cessive spectra provided through loss 


of additional electrons result in III, 


_IV, and V spectra. In some of the high- 
temperature stars, spectra have been 
j identified of the order of XV or higher. 


4 


From Fig. 5 and a comparison of the 
indicated adjacent elements in the peri- 
odic table, it will be noted that the four 

_ elements, Na I, Mg II, Al III, and Si 
IV, (which indicate un-ionized sodium, 
magnesium with one electron removed, 
etc.) all have an identical shell of 23 
electrons. They differ, however, in that 
they each have successively greater 
positively charged cores; hence it would 
be expected that each of their spectra 
that those with a 
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greater positive charge would require 
greater energy to push out the electron 
and conversely a greater energy would 
be released on the return of the electron. 
One can thus understand how, by rela- 
tive comparison of spectra in stars with 
a shifted spectra of known elements, 


Fic. 7.—Hilger Medium Spectrograph. 
60-cm. focal length, quartz Cornu prism 


it might be possible to identify the 
spectra of energy levels that have not 
as yet been reached in our laboratory 
scale of operation. 


Instruments: 


Spectrographic equipment must dis- 
perse according to wavelength the light 
emitted by the sample, resulting in what 
is termed a spectrum or an ordered ar- 
rangement of radiant energy. The dis- 
persion of radiant energy can be 
accomplished through the use of a grating 


az: Fic. 6.—Optical Diagram of a Spectrograph. 
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™. 8. —Bausch & L omb Large Littrow Spectrograph and aeaeettiies Unit. 
length is 182.7 cm. 
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Fic. 9.—Applied Research Laboratories 2-m. Spectrograph—High Precision Source Unit. ; 
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- ‘hte consists of fine lines on a reflecting 
medium, or a prism of refracting material 
such as glass or quartz. The basic spectro- 
graphic arrangement (Fig. 6) involves a 
source, focusing lens, slit, collimating 
lens, prism (or grating), focusing lens, 
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_ Fic. 11.—A Comparison of Arc (upper) and Spark (lower) Spectra of Iron. Shows Clearly the 


Importance of Source Control. 
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Fic. 12.—_The Effect of Inductance on Inten- 
sity Ratios 


and the receiver which may be a photo- 
graphic plate, eyepiece or photocell. To 
economize in instrument size and refract- 
ing material such as crystalline quartz, 
a Littrow modification (Fig 8) of the 
prism spectrograph (Figs. 7) has been 
developed and has proven very satisfac- 
tory. In recent years there has been 
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extensive use of gratings (Fig. 9) 
place of prism refraction material, al- 
though the synthetic production of trys- 
talline material is offering the possibility 
of additional refraction materials. A typi-- 


cal photographic recording of a viel 
4 


4 


graph, which is termed a spectrogram, is 
shown in Fig. 10. 

The spectrum and its notation are 
shown in Fig. 1 in a linear wavelength ~ 
presentation although it can be seen that 
there is a similar reciprocal relation be- 
tween wavelength and ag The 
portion of the spectrum (Fig. 1 ()) which 
is primarily used for spectrochemical © 
analysis is indicated as A to Band can | 
be subdivided into infrared, visible, vl 


ultraviolet. For our discussion we will 
consider only the visible and ultraviolet _ 
spectra with respect to emission analy- 
sis. 


Qualitative Analysis: 


Qualitative and quantitative spectro- 
chemical analyses were considered in the 
late Nineteenth Century tobeimpractical | 
because of the complexity of spectra and 
the variation in the spectra of ele- 
ments depending on the nature of the — 
light source used. However, with the — 
development of an ordered explanation 
of the origin of spectra and the allocation — 
of spectral lines into series (22), the iden- 
tification of spectral lines from different | 
elements has evolved. Certain lines are 
more intense than others, afd some so 
intense that they remain visible even 
after considerable dilution of the element 
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Molybdenum-Steel. 


- Wave- Ele- Intensities 
™ length ment Arc Spk.,(Dis.] R 
3233.24 W 2 9 - 
3233.234 Cr 30 4 - 
3233.208 Ce 2 - ~ 
3233.199 V I 3 - 
3233.174 Ni I 40 ~ ~ 
3233.154 Ag - 1 - 
3233.142 W Il 
3233.140 Mo 50 30 - 
3233.11 Zr iI 6 Ks 
3233.054 Fe 100 60 ~ 
3233.02 Ca 4 Ad 
3232.963 Ni I 300R 35 - 
3232 875 Ce 3 - - 
3232.874 Col 60 25 ~ 
3232.80 Kri Me 
3232.793 Cb - - 
3232.791 Ti I 8 
3232.791 Fe Il - 
3232.78 I - [5] BI 
3232.751 Rul 50 4 - 
Fic. 14.—Portion of a Page from the 


M.1.T.—Harrison 100,000 Line Tables (24) 
Arranged According to Wavelength. 


by other elements. Such lines are called 
raies ultimes or persistent lines, and the 
accepted procedure in qualitative analy- 
sis is to examine the unknown spectra 
for the persistent lines of the known 
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Fic, 13.—Qualitative Analysis for (1) Non-ferrous Alloy, (2) Co-W-Steel, (3) Iron, and (4) 
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elements rather than to attempt to iden- 
tify unknown weak lines in the spectra, 
which may be uncharted weak lines of 
the principal constituent rather than 
strong lines of the elements present in 
small amount. 

Tables are available which list the ob- 
served lines of the source elements. Some 
of these tables are arranged by element, 
and others are arranged by wavelength 
(23, 24) (Fig. 14). These tables and the 
more condensed tables of the principal or 
persistent lines (Tables I and IT) provide 
the essential data to detect the presence 
of various elements (5, 25 to 29). Most 
handbooks and applied spectroscopy 
books contain tables of persistent lines 
which are usually derived from the tables 
of de Gramont, although some have been 
developed to supply most persistent lines 
over a limited spectral range. On account 
of the varied and large number of lines 
produced by many elements, photo- 
graphic charts of different element 
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TABLE I.—PORTION OF A TABLE OF PERSISTENT LINES ARRANGED ACCORDING TO 


WAVELENGTH (5).* 
Wavelength, | Fiement Element || Wavelength, | Element Element 
3134.72 Hf Il 3405.12 Co I 3642.78 Sc II 4012.39 Ce 
* 58.87 Ca Il 06.66 Ta 46.20 Gd 19.18 Th 
: 63.40 Cb II 14.77 Nil 50.15 Hg I 20.40 Sc I 
| "75.04 Sn I 21.24 Pd I 53.50 23.69 Sc lI 
79.33 Ca Il 34.89 Rh 54.83 Hg I 30.76 Mn I 
83.41 V iil 36.74 Rul 57.99 Rh I 32.98 Ga I 
83.98 V iil 37.02 Ir I 63.28 Hg I 33.07 Mn I 
85.40 V iil 38.23 Zr Il 72.58 U 34.49 Mn I 
94.98 Cb II 51.41 B II 83.47 Pb I 4040.76 Ce Il 
3215.56 wi "53.51 Col 92.36 RhI 44.14 ee 
‘20.78 Ir I 60.47 Re I 92.65 Er 45.98 Dy 
* The most persistent lines are indicated by a prime (’) mark he sy 
a TABLE II.—EXAMPLE OF TABLE OF PRINCIPAL LINES BY ELEMENTS (5). 
Wavelength Arc Spark Wavelength Arc Spark Wavelength Arc Spark 
II 2 094.8 ~~ 50 I 2 378.4 40 20 I 3 082.2p 800 800 
I 2 168.8 8R 12 2 568.0 200R_ | 80R I 3 092.7p 1000 1000 
12 174.0 8R 10 2 575.1 200R 80R 3 092.8 50R 18 
2 204.6 10R 10 2 575.4 30 | 30 II 3 586.9 as 500 
I 2 210.0 12R 15 I 2 652.5 150R 60 I 3 944.0p 2000 1000 
12 259.9 8 wind I 2 660.4 150R 60 I 3 961.5p 3000 2000 
I 2 263.5 60R 25 II 2 669.2 3 100 II 4 962.1 15 3 
I 2 269.1 60R 25 II 2 816.2 10 | 100 I 5 557.0 15 san 
I 2 269.2 15R 3 050.1 18 10 I 5 557.9 15 P 
I 2 367.1 150R 50R 3 054.7 20 | 10 II 6 231.8 — 30 
I 2 372.1 18 10 3 057.2 15 } 18 II 6 243.4 oe; 100 
I 2 373.1 100R 30 3 064.3 20 20 II 6 696.4 10 aan 
1 2373.4 200R 100R 3 066.2 25 | 25 10 
7 836.9 15 
(4) 3091.6 OR) 
(2) 3093. ( 


(6) 3125 
(4) 3126 


(4) 3129.2 


{2) 3132 
(5) 3134 
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3105.5 Ni (5) 
—3 106.6 Zr (6) 
—3108.6 Cu(8) 
—31107 V (8) 
—3 112.1 Mo(S) 
—3114.1 Ni ©) 


NN 


of Cards for Identification of Elements. 


The unknown spectrogram is projected with enlargement to the same scale as the a 
unknown is an iron-containing compound and hence no adjacent iron spectrum is required. 


ectrum. In this example, the 
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_ spectra are available and are useful as 
_ comparisons in the identification of un- 


knowns (5, 27, 29, 30) (Fig. 15). Some 
comparison charts have indicated posi- 
tions of principal lines (elements to fa- 


 cilitate rapid qualitative analysis) (31). 


The “scale” usually used on these charts 
is an iron spectrogram which, while not 


_ providing a uniformly graduated scale, 


as 


has a sufficient number of lines to mark 
positions accurately and permit interpo- 
lation. The reproduction of the iron spec- 
tra on the same plate in juxtaposition to 
the spectra of the unknown compensates 
for photographic and optical deviations 
which might make separate scales inac- 
curate. The positive identification of an 
impurity element, that is, qualitative 
analysis for traces, may require three 
or more lines of the element to determine 
that weak lines of the principal consti- 
tuents are not coincident with these prin- 
cipal lines of the minor constituent. 
Tables and equivalent photographic 
charts (32) have been made available 
in recent years and provide the basis for 
rapid qualitative examination by spec- 
troscopic means. 

Emission spectra are easily produced 
for about 70 of 92 elements and provide 
a means for rapid qualitative analysis 
and the detection of minute impurity 
traces. The source used may be either 
arc or spark, depending on the nature 


of the spectra to be produced. The ad- 


vantages of qualitative spectroscopic 
analysis are obvious in the ease of pro- 
duction and the absence of extended 
sample preparation or lengthy chemical 
treatments; however the sensitivity 
varies from element to element. In gen- 
eral, qualitative spectral analysis is not 
applied to nonmetals and gases because 
they require more modification. It has 
the advantage of detecting simultane- 
ously rare elements that are not usually 
included in routine qualitative chemical 
analysis, such as indium, beryllium, va- 


nadium, lithium, boron, and they are as 
easily detected as tin, lead, silver, or 
sodium. 

Whereas qualitative analysis in its 
strict sense is the determination of only 
the presence of an element, such a limited 
approach is rare. Usually estimates are 
made of the amount of the element pres- 
ent and a semi-quantitative estimate of 
concentration can be made using per- 
sistent lines. Persistent lines are the last 
to disappear on dilution, and hence there 
is an order of intensity of lines which 
may be associated with the concentra- 
tion. If the exposure and source intensity 
are controlled and the system calibrated 
for the matrix to be used, then the lines 
of the element under analysis can be 
classified into groups according to the 
concentration at which they are just 
barely observed. Lines can then be listed 
as indicative of 10, 1, 0.1, 0.01, 0.001, 
and 0.0001 per cent and several elements 
may be estimated simultaneously from 
the same spectrogram (5). 

To extend the analysis to a quantita- 
tive determination, the intensity of the 
spectral line must be determined and 
correlated with the concentration of the 
element. The absolute intensity of the 
spectral line is not determined because 
there is much variation in intensity with 
the mode and conditions of source ex- 
citation. A study of the changes in the 
intensity of spectrum lines with change 
of element concentration and types of 
are or spectra source of excitation shows 
that the excitation and concentration 
conditions produce a marked change in 
line intensities and that this change is 
not always equivalent in all lines. There- 
fore, to eliminate errors of measurement, 
a method known as the internal standard 
method was developed in which the in- 
tensity of the unknown line is determined 
relative to an internal standard line (33). 
Lines which are called homologous pairs 
are sought; they are lines which change 
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: ohh 
proportionally with changes in condi- 
tions. Those pairs of lines which differ 
markedly from each other in their rate 
of change with a change of excitation 
conditions are known as control pairs. 
Control pairs and a third type of defining 
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measured lines fall within the effective 
density range of the emulsion and photom- 
eter. 

In the application of quantitative spec- 
trographic analysis, an homologous pair 
of lines is chosen by experimentation or 


A. 


ce 


Sn MgZnMg SnMg Zn Cu 


—Spectrogram for Preparation of Densitometer Working Curve. The Variation in Spec- 


al Line Intensity with Concentration Is Illustrated. 


line, an exposure line, are used in defining 
and controlling the excitation conditions 
in an arc or spark (voltage, inductance, 
and capacity) and the exposure time. 
They ensure that the homologous pairs 
used in the analysis are sufficiently ho- 
mologous to satisfy analytical require- 
ments and that the intensities of the 


theoretical consideration, one line from 
the spectra of the unknown element and 
one from the internal standard element 
to form the homologous pair. The in- 
ternal standard element may be an ele- 
ment that has been added to the sample 
in a known constant amount, or it may 
be the principal constituent of the sample 
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(a) Working curve of lead in tin alloy. 


due to extraneous effects. 


curve, Courtesy B. F. Scribner. 


Concentration Ratio W/Fe X 100 
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Fic. 17.—Examples of Working Curves for Emission Spectroscopy. 


(6) Example of low concentration working curve; working curve of boron in steel. Note deviation from linear curve 


(c) Example of high concentration working curve; working curve of tungsten in iron. It is necessary to make an al- 
lowance for the reduction in iron concentration with the increase in tungsten concentration in order to obtain linear 


if this is relatively constant. In the latter 
case it is customary to use a weak line 
of the element in high concentration to 
compare with a strong line of the element 
in lower concentration, since more ac- 
curate comparison and less error due to 
_ observation and photographic deviation 
is obtained if the two lines to be com- 
pared are of nearly equal intensity. 
A plot of the log of the relative in- 
tensity of an homologous pair of un- 
_ known and internal standard lines versus 
the log of the concentration of the un- 
known element has been found to be 
linear under ideal conditions and forms 
the basis of working or analytical curves 
(Fig. 17). It is essential that the relative 
intensity, if measured from the photo- 
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Fic. 19.—Film Projection Comparator Densitometer (Applied Research Laboratories). 
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graphic emulsion, be corrected for rela- 
tive response of the emulsion and for 
background effects from stray light and 
continuous background due to excitation 
conditions. 

Even with the correction it may be 


eeee 


ratories). 

_ that the working curve is not linear, due 
to extraneous elemental effects (34 to 
36), differing in excitation levels and self 
_ absorption or reversal. Hence it is often 
essential to project the working curve 


- onto a nonlinear composition scale. 

- By suitable control of excitation con- 

a ditions a reproducible scale can be pro- 
duced to form the general basis of our 
quantitative procedures. 


The accuracy of quantitative analysis 
is generally in the range of from 1 to 
3 per cent of the amount present, and 
while such variation may not be as satis- 
factory as chemical analysis in the de- 


termination of high concentration, such 
as 30 or 40 per cent composition where 
a 1 per cent error might be expected, 
there is a distinct advantage in low con- 
centration where a composition of 0.030 
per cent could be easily confined within 


Fic. 21.—Production Control Quantometer. Spark-Arc Source Unit (Applied Research Labo- 


an error of less than 0.001 per cent quan- 
titative instrumentation. 

Rapid and accurate quantitative anal- 
ysis can be effected through the use of 
prism or grating spectrography and the 
measurement of the photographic den- 
sities by suitable densitometers (Figs. 
19 and 20). These densities can be com- 
pared and corrected for emulsion char- 
acteristics through the use of calculating 
boards and projected slide rules. The 
range of application of quantitative 
analysis has been materially increased 
through the introduction of special 
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“spectrum analysis” emulsions which 
give a nearly uniform density response 
or gamma on a wide spectral range (37). 

Additional aids in the form of rapid 
photographic processing methods and 
recording microphotometers have made 


Fic. 22. 


TABLE III.—COMPARISON OF REPEAT ANALYSES 


RESULTS OBTAINED WITH THE 
QUANTOMETER (SAMPLE 301) (41). 

Man-| 

Chro- | Sili- 

Nickel con 

Chemical Analysis. ........ 19.34 | 8.36 | 0.67 | 0.52 
Spectrochemical Analysis: 

a eee 19.30 | 8.39 | 0.68 | 0.51 

9 a.m. 19.39 | 8.45 | 0.69 | 0.52 

19.38 | 8.44 | 0.68 | 0.51 

10 a.m. 19.38 | 8.41 | 0.68 | 0.52 

eee 19.40 | 8.31 | 0.67 | 0.53 


it possible to produce very rapid analy- 
sis of complex alloys or mixtures so that 
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Direct Reading Installation (Applied Research L 


529 
control changes or checks could be made 
during the processing of materials and 
corrections made in composition where 
necessary. 

The success of quantitative spec- 
trography by the photographic process 


has led to the development of photo- 
electric procedures of quantitative spec- 
trographic analysis (38 to 41) in which the 
spectrum line is focused on a photocell 
surface and the intensity ratios of the 
homologous pairs determined by electri- 
cal balancing. The elimination of the 
photographic step in the process, while 
involving a considerably more compli- 
cated electrical instrumentation, has 
provided additional speed and accuracy 
which are economically justified where 
large numbers of routine analyses of a 
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similar nature are to be made (Figs. 
21 and 22). 

The photographic and photoelectric 
methods have in some cases been com- 
bined (42) and conditions determine 
whether the method preferred will be 
photographic or photoelectric. 


Control Standards: 
The procedure of quantitative spec- 
trographic analysis has been greatly 
facilitated by the availability of control 
standards of known composition. While 
working curves and selected homologous 
pairs may indicate the procedure to be 
used in an analysis, the excitation con- 
trol, spectral transmission of the spec- 
 trograph, and the characteristics of the 
oa recording material are such that a sepa- 


rate working curve must be established 
for each instrument and condition used. 
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These control standards may be pre- 
pared synthetically or through careful 
chemical analysis within a laboratory, 
or advantage may be taken of their 
availability from laboratories which have 
prepared them for distribution. Their 
availability 1 may in some laboratories 


remove the necessity of maintenance 
of a chemical laboratory control. 
A.S.T.M. Committee E-2 on Emission 
Spectroscopy has for some time main- 
tained a subcommittee on Standard 
Samples for Spectrographic Analysis 
and the published reports of this sub- 
committee give references to the source 
and composition of such standards (43). 
Many of these standard samples are 
maintained by the National Bureau of 
Standards as a part of its program of 
standard chemical samples (Fig. 23). 
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ABSORPTION SPECTROSCOPY 


Although absorption spectra studies, 
especially with regard to quantitative 
determinations, were in general use be- 
fore the development of quantitative 
emission analysis procedures, the meth- 
ods of early investigators were either 
semi-quantitative in character or re- 
quired long and tedious observations to 
arrive at acceptable quantitative results. 
Recently, with the development of 
photoelectric and electronic aids, the 
time of observation has been shortened 
to provide rapid and exact measurement. 


T= %&T 


Fic. 24.—Graphical Indication of Transmis- 
sion Terms. 


Nomenclature: 


The marked increase of interest in 
absorption spectra has emphasized the 
need of a more uniform and concise 
nomenclature system which takes into 
consideration the needs of the observers’ 
technical use of the data as well as the 
physical principles involved. The meth- 
ods and terminology used in the presenta- 
tion of absorption spectra data are 
influenced by such factors as (a) prec- 
edent and previous usage, (6) the 
technical concepts involved in the data 
to be presented, (c) the notation pre- 
scribed by instrument producers and 
standard references, textbooks, or data 
forms, (d) the editorial policies and 
practices of technical journals and book 
publishers, and (e) the personal desires 
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of the scientist or accords obtained by 
groups of research workers. 


Transmission and Absorption: 


Nearly a century ago Bunsen and 
Roscoe (44) outlined the general theory 
of absorption of radiant energy, which 
has usually been reproduced in what is 
known as the Bunsen absorption equa- 
tion (Fig. 24): J = J,10-*** where J 
and J, represent the intensities of the 
transmitted and incident radiant energy, 
c the concentration of the absorbing 
material in a nonabsorbing media, d 
the thickness of the sample, and & the 
specific absorbance or the Bunsen or 
extinction coefficient. This equation may 
also be expressed as kcd = logiol./I 
= 1/T, where T = I/I, = transmit- — 
tance and JT X 100 = per cent T (per 
cent transmittance). 

If the concentration is expressed as — 
the molecular weight in grams (M), 
then the term & is replaced by e (epsilon) ; 
and is known as the molar extinction 
e= kM. 


Proposed System of Absorption Notation 
and Survey of Present Practice: 


The following system of notation is — 
proposed so as to define the various — 
terms under discussion and permit an — 
intercomparison of other methods of 
presentation (45): 


Transmission: 


I = Transmitted intensity of radiant 
energy. 
I, = Intensity of incident (or trans- 
mitted comparison) radiant energy. 
T = Transmittance = J/I, (Trans- 
mittancy is used to indicate relative 
transmittance if J, is the transmitted 
comparison radiant energy). 
t = Transmissivity, (7-*) is the Trans- 
mittance for a unit concentration and 
thickness. 


« 

| 


LECTURE 


Per cent T = 
= T x 100. 


Absorption: 


per cent transmittance 


Absorption law: J = J, 10-*¢4 

A = Absorbance = ked = logiol./I. 
This term (Absorbance) has been known 
as “Extinction” and represented by the 
symbol “E”’. 

k = Absorptivity = A/cd = (specific 
absorbance or absorbance per unit con- 
centration and thickness). 

é = Molar absorptivity = k-M. 


c = Concentration in grams per liter, 
d = Thickness of cell in centimeters. 


M Molecular 


been made secondary to those of simpli- 
fication and ease of application. To 
avoid confusion, the proposed system 
represents a compromise between some 
of the present-day proposed systems, 
and the common usage and practice 
over a long period of time. In the notes 
to some of the terms there have been 
included some of the expressions of 
limited application for special application 
or reference. 

Absorbance as a term and its symbol, 
A, are relatively new in absorption 
spectra notation and are the only real 


Fic. 25.—Comparison of (@) Transmittance, (b) Absorbance, and (¢) Log Absorbance Presenta- 


tion of Absorption Spectra Data. : 


The suffix -ion is used to indicate a pro- 
cess, as in the case of conduction or cali- 
bration; -or or -er to indicate a device as 
in generator or absorber; -ance to indi- 
cate a measurable quantity of a property 
such as resistance or conductance; and -ity 
to indicate a specific property of the meas- 
ured substance such as density and con- 
ductivity. 


The terminology recommended has 
been prepared with respect to the require- 
ments of the principal users of absorption 
spectra data (chemists and biologists) 
and hence considerations of a technical 
or theoretical nature have in some cases 


departure from the more accepted no- 
menclature of the past. The previous 
symbol and term for this has varied, 
although a preference would appear to 
be slightly in favor of extinction and E. 
To be consistent with the process of 
absorption, the name absorbance is pre- 
ferred over extinctance. There is con- 
fusion in the literature as to the use of 
E for absorbance or molar absorptivity; 
the latter is usually indicated by the 
Greek letter epsilon e, and this is often 
confused with the script Z. In the gradual 
evolution through which our nomenclature 
is passing it is not unlikely that E may 


| 
| 
| 
Log A 
Y~ 
c=2 
- c24 Cs! 
-10 
450 650 450 650 450 650 my 
3 


replace € as the symbol for molar ab- 
sorptivity. There is still some question as 
to whether A should be called absorp- 
tance or absorbance, but the preference 
among spectroscopists seems to be in 
favor of absorbance (Fig. 25). | 
e (epsilon) is almost universally used 
for molar absorptivity. A majority of 
Wavelength 


Frequency | 


| Wavenumber t 
1 


Fic, 26.—Graphical Indication of the Re- 
lation Between Wavelength (A), Wavenumber 


(v’), and Frequency (»). 

Wavelength (A) = distance between A and B. 
Womeumser (v’) = number of waves in unit length 
(C-D). 

Frequency (v) = number of waves passing a fixed point 
(y) in a unit time 
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use of ¢ or log € as ordinate is merely an 
indication that a molar quantity is in- 
volved in the calculated concentration 
and that the actual ordinate values are 
still in absorbance or log absorbance 
values. The use of log A and log e- 
recording, while eliminating the additive 
character of the curves, provides a 
better comparison of weak and intense 
bands identification. The log A curves 
also possess a shape that is independent 
of concentration, which may be of 
assistance in the identification of pure 
compounds of unknown structure. Where 
A- or e-values of considerable size are 
recorded and log A or log e are not 
desirable forms to present the data on 
account of a desire to maintain the addi- 
tive concentration notation, it is sug- 
gested that A X 10-* ore X 10~* be used. 


3 30 250 400 750 1500 f Frequency (Vv) 
100 1000 8333 13333 25000 5000 cm"! Wovenumber (v') 
Infrared Visible Ultraviolet Spectral region 
Far Middle Neor 
Rotational Rotation-vibrational Electronic 
Pure rotation | Rotation superimposed Rotation and vibration super- Origin of spectra 
on 

spectra vibrational spectra imposed on electronic spectra 

| 
100 10 1.2 0.7 0.4 O.2u Wavelength (A) 


Fic. 27.—Molecular States Producing Absorption in Various Radiant Energy Regions of the 


Spectrum. 


the absorption spectra curves in recent 
chemical publications which charac- 
terize pure compounds, use epsilon as 
the ordinate. It is, however, given 
variously as ¢, E, or £ and to partially 
eliminate the confusion with the E as 
formerly used for extinction (now known 
as absorbance) it has been suggested 
that this latter use of E be discouraged. 
The symbol ¢ has been used consist- 
ently for a definite absorption prop- 
erty to a greater degree ,and extent 
than any other absorption designation 


(45). It should be recognized that the 


Wavelength, Wavenumber, and Frequency: 

From the basic theory of wave motion 
it is obvious that there are three methods 
of denoting wave characteristics: (a) 
the length of the wave (wavelength 
(A)), (6) the number of waves or cycles 
in a unit distance (wavenumber (v’)), 
and (c) the number of waves or cycles 
passing a point in space in a unit time 
(frequency (v)). The relation between 
these units may be expressed as 


1 /wavelength = wavenumber = 
frequency/speed of light 
or 


| 
q 
4 
H 
| 
= 
‘= 


~ 


| 


A condensed arrangement of the 
radiant energy spectrum (Fig. 27) shows 
the relation of these three systems of 
notation and the principal spectral 
regions which are included in a general 
consideration of absorption spectra data 
presentation. It is to be noted that the 
spectral regions are not sharply defined 
and that the somewhat nebulous di- 
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The term near as applied to mear- 
ultraviolet or near-infrared should denote 
that portion of the indicated spectral 
region which is just beyond the limits 
of the visible spectrum. Near-infrared 
is generally accepted as that extension 
of the spectrum, beyond the red sensitive 
threshold of the eye, to which the photo- 
emissive cell or photographic plate is 


TABLE IV.—WAVELENGTH UNITS FOR RECORDING ABSORPTION SPECTRA. 


Unit Size of Unit 


Range (from left to right) 


Region 


meter X 10719 
meter X 107° 
meter X 107° 
meter X 
meter X 107? 


angstrom 
my 


1000 to 1A 
1500 to 100 mp 


Far or extreme-ultraviolet 
Ultraviolet and visible 
Visible (color description) 
Infrared and far-infrared 
Microwave 


1200 


200 my mxio7? 


400 
100 


1400 vib./sec. x10 '2 


500 cm™'x 1972 


Fic. 28.—Wavelength-Frequency Relation in Near Infrared, Visible, and Ultraviolet Regions. 


TABLE V.—FREQUENCY AND WAVENUMBER UNITS FOR RECORDING ABSORPTION SPECTRA. 


Unit Size of Unit 


Range (from left to right) 


Region 


fresnel Vibrations per sec. X 10712 


megacycle Vibrations per sec. X 107* 
-1 


cm. 
(cm. X 107) X 10 


30 000 to 30 Mc 
400 to 5000 cm.~! 


100 to 1500f Near-infrared, visual, and ul- 
traviolet 

Microwave 

Infrared 

Near infrared, visual, and ul- 
traviolet 


100 to 500 cm.~' X 107% 


visions are generally the limit of a source, 
transmitter, or receiver, rather than a 
marked change in radiant energy char- 
acteristics. In so far as absorption spectra 
effects are concerned, a more logical 
division would be between vibrational, 
rotational, and electronic spectra; however, 
the natural divisions which have been 
made are fortunate in approximating 
these subdivisions, so that no revision 
in subdivisions is necessary. 


~ ar 


sensitive. This includes approximately 
the region from 750 to 1500 my. The 
near-ultraviolet is that extension of the 
spectrum beyond the violet sensitive 
threshold of the eye which is transmitted 
by ordinary glass. This includes ap- 
proximately the region from 400 to 
300 mu. 

The term far as applied to ultraviolet 
and infrared spectra should denote the 
liceners region beyond the range of the 


= 


| «534 GQ 
mp 4UV to Mp 
| 
cm. 0.1 to 100 cm. 
1800 1000 800 600 400 
* 
| 
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® 
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usual recording or transmitting system. 
The far-uliraviolet region is the shorter 
wavelength region beyond the 200 my 
cut-off of the transmission of quartz 
and the limit of the usual gelatin photo- 
graphic emulsion. The far-infrared re- 
gion is the longer wavelength region 
beyond the 25 yw cut-off of the KBr 
prism and the start of the pure rotational 
spectral region. 
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infrared and ultraviolet regions, is de- 
fined by the limits of the receiver— 
the human eye—and no sharp limiting 
value can be established. Individuals 
will vary with respect to their range of 
sensitivity, and some individuals, espe- 
cially young blondes, can, when dark 
adapted, see as far as 350 my in the ultra- 
violet and to 900 my in the infrared, 
although the usually accepted limits of 


T 


4000 


Fic. 29.—Wavelength-Frequency Relation in Infrared Region. 


Between these two fringe designations 
of near and far regions are the usual 
extended regions over which ultraviolet 
and infrared absorption spectra observa- 
tions are made. It is recommended that 
these regions, 400 to 200 my in the ultra- 
violet and 0.75 to 25u in the infrared be 
designated merely as the ultraviolet and 
infrared regions without a modifying 
prefix such as middle. 

The visible region, like the above 


the visible spectrum are from 400 to 750 
mu. For color description it seems more 
desirable to use transmittance and 
wavelength for the spectral description; 
however, the apparent color of objects 
is influenced by the varied sensitivity 
of the eye, so that other systems of color 
description have been evolved which 
include this factor. These extended 
discussions and systems are beyond the 


scope of this paper (46 to 49). = 
INFRARED SPECTROSCOPY 


A logical subdivision of an absorption 
spectra discussion is to consider as 
separate subjects infrared absorption 
and visible and ultraviolet absorption. 
As has been indicated (Fig. 27) infrared 
absorption results from vibrational and 
rotational effects, and hence the chromo- 
phore type of polyatomic binding, as 
indicated in our subsequent discussion 
of the ultraviolet absorption spectra, 


does not produce multiple combination 
effects. The spectra produced are prin- 
cipally the inter-atomic rotational and _ 
vibrational spectra together with their — 
overtone combinations. 


Instruments: 


The general principle of all infrared 
spectrometers embodies the usual com- | 
ponents of source, cell, slit, focusing 
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system, dispersing system (prisms or 
grating), and receiver element (Fig. 30). 
The radiant energy region to be studied 
will usually determine the character of 
these components. For the usual chemical 
analysis requirements, a lithium fluoride 
(LiF) or fluorite (CaF,) prism is used 
for the region from 1 to Sy, rock salt 
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reflecting lens system, and receivers are 
usually thermopiles or thermocouples. 
More recently bolometers and thermis- 
tors have been used as detectors in 
infrared radiation incasement. 

The evolution in absorption spectra 


instrumentation for infrared measure- 
ment (paralleling the change in the 


Fic. 31.—Baird Associates Recording Infrared 
Spectrophotometer. 


(NaCl) prisms are used for regions from 
5 to 15u, and potassium bromide (KBr) 
prisms are used for the regions from 15 
to 25u. Of these materials the rock salt 
(NaCl) prism is most widely used. 
Energy sources are usually radiant 
energy glowers such as the Nernst 
Glower or the Globar; cell windows are 
usually of the same material as the prism. 
Focusing is generally accomplished by a 


Fic. 30.—Optical Diagram of Beckman IR-2 Spectrophotometer. 


| 


ultraviolet and visible instrumentation) 
has been the development of double- 


beam instruments (50, 51) (Figs. 31 
and 32). These double-beam_instru- 
ments can incorporate in the final 


recorded graph a correction for variation 
in intensity of source over the observed 
radiant energy region, absorption due to 
solvent, and absorption due to the cell 
(Fig. 33). The ability to remove auto- 
matically these extraneous factors opens 
the way to accurate recording of concen- 
tration through absorption intensity 
and the more logical recording of infrared 
absorbance rather than transmittance 
(Figs. 34 and 35). There is a division of 
opinion among authorities as to the use 
of wavenumber in lieu of wavelength. 

The study of the absorption spectra 
of known substances has led to the 
assignment of certain frequencies as 
characteristic of certain atomic linkages 
(52). Tables of these frequencies have 
been prepared in both numerical and 
graphical form (Fig. 36) and from known 
spectral data (53 to 55) (Fig. 37) and 
from these tables it has been possible 
to predict the structural character of 
unknown samples. 

A recent advance in infrared tech- 
nology has been the incorporation of a 
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Fic. 33.—Compensation of Solvents. 


0.5 wv. full scale 8 to 9 min. per spectrum (51) 


Amplifier 
test signals 


Scanning 
speed 
reverse 


uppression 
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Fic. 32.—Perkin-Elmer Recording Infrared Spectrophotometer (51). 
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micro cell for examination of single 

crystal material (Fig. 39) (56). 
Quantitative analysis is possible in 

infrared applications, as is indicated in 


spectra of ammonia, (Fig. 41). The best 
available compilation of data is that in ~ 
the National Bureau of Standards— 
American Petroleum Institute series 


Fic 1G. 35. —Infrared Absorption Spectra of 1-Methyl- 2-Ethylbenzene (same as Fig. 34) Recorded a 
in Absorbance and Linear in Wavenumber from 700 to 2000 cm. (15 to 5y). 
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Fic. 
sorption Bands (52). 


Fig. 40, in which it may be noted that 
the absorbance at 6.8u of propane is 
direcily proportional to the concentra- 
tion (gas pressure) (51). Certified calibra- 
tion standards are not generally avail- 
able, although the test of resolution 
quality has often been the absorption 


36.—Portions of a Table Showing the Probable Positions of Characteristic Infrared Ab- . 


(53), and the collections by Barnes, 
et al. (54). Plans are in formation for 
the issuance of an extended bibliography 
of infrared data through the National 
Bureau of Standards—Ohio State Con- | 
ference Committee. Some industrial 
consulting laboratories such as sane 
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Sadtler offer subscription series of the explanation for absorption in visible . 
infrared data. and ultraviolet. The limits of these 
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Fic. 38.—Infrared Spectrum of Benzene. (51). 
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Fic. 39.-—Infrared Spectrum of d,/-8-Phenylalanine in Crystalline State, as Obtained by Micro 
and Macro Techniques. 


Dashed lines indicate absorption caused by mineral oil (56). 


a VISIBLE AND ULTRAVIOLET regions have been previously discussed. 
ABSORPTION SPECTRA While visual color is the result of ab- 

The electronic resonance effect with sorption in the visible region, the general 

its superimposed vibrational and rota- subject of color and color description, 
tional effects is generally accepted as which was the subject of a previous 
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oo Lecture by C. E, K. Mees (2), 
will be omitted from the present dis- 
cussion, 
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tion of photoelectric receivers and es- 
pecially photomultiplier receivers to the 
detection and measurement of trans- 


Pressure, mm. of mercury 


Fic. 40.—Working Curve. Linearity in Measuring 6.84 Propane Absorption Bands.(51). 
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WAVELENGTH, 
Fic. 41.—Infrared Spectrum of Ammonia. 


Instrumentation: 


Numerous double-beam or compensa- 
tory instruments have been developed 
over the years for both visual and 
photographic operation for the determi- 
nation of visual and ultraviolet absorp- 
tion. The distinct advance in recent 
years, however, has been in the applica- 


mitted radiant energy (Fig. 42) and 
the adaptation of these deteciors to 
automatic recording instruments which 
are associated with a wavelength or 
frequency drive (Fig. 43). An example 
of the resolving power of such a recording 
instrument is shown in its ability to 
record the vapor spectra of benzene 
(Fig. 44). 
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Descriptive Absorption Spectra: tural), although a sharp separation is 
Many of the terms used to describe not possible and some of these effects — 
infrared spectra can be used with equal belong in both classifications. 


Fic. 42.—Beckman Photoelectric Spectrophotometer, Model DU. 


correctness to describe visible and ultra- Physical—Descriptive of the Observed Data — 
violet effects. Position Change (X or v): 

As a corollary to the ordinate and Bathochromic indicates a shift of the — 
abscissa delineation of absorption absorption band to longer wavelength — 
capecially Ser the indicates a shift of the 
applied deductions from the data, to 


: absorption band to shorter wavelength | 
present some of the terminology as may values. 


be useful in describing absorption spec- Color deepening is indicated by color 
tra and the spectral changes which may changes resulting from a bathochromic 
result from variations in composition or effect, the order of color deepening being 
yellow-orange-red-purple-blue-green, and 
conditions of observation. These de- 


ree ; results from an absorption band shift 
scriptive terms have been classified as from the ultraviolet, across the visible, 


physical (optical) and chemical (struc- and into the near infrared. 


| 
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| a Fic. 43.—Cary Automatic Recording Photoelectric Spectrophotometer (Applied Physics Corp.). 


| » Lower half of figure shows the optical diagram of the Cary automatic recording photoelectric spectrophotometer. 
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Color lightening results from hypso- 
chromic effects and is the reverse of color 
deepening. 

Intensity Change (A): 

Hyperchromic indicates an increase in 

absorbance. 


chromic effect resulting from conversion 
of absorbing material. 


Curve Shape and Structure: 


Principal band generally refers to the 
first or strongest component in a series. 


| i 
2 = 
Phenol in 
Pentane (1) ; 
| | andin | 
Rie Alcohol (2) 
= 
| 
| 
Vv’ 34000 36000 38000 40000 42000 44000 46000 cm=' 


v 1020 1080 1140 1200 1260 1320 1380 / en 
A 294 277 263 250 238 227 217 mu 

Fic. 45.—Absorption Spectrum of Phenol in Pentane (1) and Alcohol (2), Illustrating the Sol- 
vent Effect. 


Symmetrical and unsymmetrical denote 
band shape. Narrow symmetrical bands 
generally indicate a single component, 
whereas unsymmetrical bands, especially 
with inflections or separate maxima, 
indicate component structure. Resolution 
of bands into component structure may 
in some cases be effected by improved 

Fic. 46.—Influence of Temperature on the instrumental techniques. Other proce- 
Resolution of Component Structure in Absorp- dures to improve resolution include 
tion Bands. Absorption Spectrum of Dodeca- solvent effects, such as the improved 
pentanoic Acid in Ether-alcohol. resolution in the spectra of phenol in 
pentane as compared with the spectra 
in alcohol, (Fig. 45) and temperature 


Hypochromic indicates a decrease in 


absorbance. 

Fading is produced by destruction, 
removal, or conversion of absorbing 
material and may be merely a hypo- 
chromic effect or a combination of several 
effects. 

Darkening is produced by a hyper- 


effects in which improved resolution is 
often shown in spectra observed at low 
temperatures (Fig. 46). 

Absorption bands and component bands 
of a single compound which possess a 
simple numerical relationship on a fre- 
quency basis are said to belong to the 
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same series. In infrared spectra these 
bands are known as overtones and in the 
visible and ultraviolet they are known 
as harmonic or multiple series. In both 
series the multiple relations are generally 
in simple whole numbers. 

Half-band width is used to indicate the 
width of an absorption band at half its 
height. Such a description is applicable 
as a characteristic of the band only if 
the height of the band is expressed in 
absorbance units. In extremely narrow 
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ance at such a point is characteristic of 
the amount of the compound present 
and is independent of the character 
or state of the equilibrium between the 
two absorbing substances (Fig. 47). 

Dichroism is used to describe color 
changes which result from unsymmetrical 
absorption bands or unsymmetrical visual 
stimulation resulting from changes in 
the relative visual stimulation compared 
with the concentration change in the 
absorbing solution. 


Absorbance 


20 


550 500 
Wavelength 


(2) 


450 my 


Fic. 47.—Spectrophotometric Determination of Hydrogen-ion Concentration. 


(a) Absorption spectra of bromocresol purple at the indicated pH values; note isosbestic point at 498 my. (6) The 
dissociation curve calculated from the absorbance at 580 my and the pH values in (a). Dotted line in (6) indicates disso- 


ciation constant for the indicator. 


bands, this value is influenced by the 
effective slit width of the dispersing 
system. 

Solution effects, where only minor 
shifts in band position or intensity are 
produced, are sometimes interpreted as 
physical rather than chemical effects 
and have been ascribed to changes in 
refractive indices, dielectric constant and 
other property variations of the solvent. 

Tsosbestic point is a point of equal ex- 
tinction (absorbance) and is used to 
refer to the common crossing point of 
absorption spectra curves which results 
in the change of absorption spectra of a 
compound when the absorbing structure 
is changed, as in indicator changes and 
oxidation-reduction effects. The absorb- 


Chemical—Cause of Observed Absorption 
Bands: 


Resonance is a concept in chemical-physics 
which involves a summation effect of dy- 
namic equilibria between electromeric modi- 
fications and the resulting effect of the sur- 
rounding electronic environment. Single 
atoms may show rotational effects with 
resulting selective energy absorption known 
as rotational spectra which are evident in 
the far infrared. Bond effects between atoms 
result in selective absorption in the infra- 
red known as vibrational spectra, on which 
are superimposed rotational spectra effects. 
Combination of bond effects result in elec- 
tronic spectra which are apparent in the 
visual and ultraviolet regions and which in 
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and rotational spectra effects. Vibrational 
spectra are classified according to bond 
characteristics and vector motion. Elec- 
tronic spectra, excepting in the extreme or 
far ultraviolet are the result of molecular 
configuration involving characteristic com- 
binations of unsaturated bonding which 
are generally known as chromophores. 
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Combination of simple chromophores to 
gether may result in a larger chromophor: 
which shows visual absorption. 

There are three recognized modes oj 
combination of chromophores: 

1. Separated, in which the two chromo- 
phores, although in the same molecule, are 
separated by an insulating linkage, such as 


CH), <> 


Fic. 48.—Effect of Conjugation in Polyethylene 


Chromophores are radiant energy absorb- 
ing groups such as 


—N=N—., etc: 


A Chromogen is that part of a complex 
molecule which contains a chromophore. 
An auxochrome is a substituent, such as the 
hydroxyl group, which is not a chromophore 
in itself but when attached to a chromo- 
phore in a certain position results in a 
marked bathochromic and hyperchromic 
effect. Simple chromophores do not as a 
rule show selective absorption in the visible 
spectra, but only in the ultraviolet region. 
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Dipheny] Derivatives, 


methylene (—CH,—) or oxygen (—O—), 
so that resonance effects are not transmitted 
between chromophores, the resulting absorp- 
tion spectra being the addition of the ab- 
sorption spectra of the separate chromo 
phoric radicals. There may be slight in- 
fluences of one resonance structure on the 
other even though they are “insulated,” and 
there are different degrees of insulation. In 
addition, increased molecular weight pro- 
duces a small bathochromic effect. 

2. Conjugated, in which the separate 
chromophores are combined together so as 
to permit resonance transmission and to 
produce a single larger chromophore. The 
effect on the absorption band is almost 
multiplying, rather than additive, in that 
both bathochromic and hyperchromic shifts 
are produced. There is a limit to the number 
of unsaturated or resonance centers that 
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may be conjugated together, so that un- 

stable compounds or divided resonance may 
result from over-conjugation. In addition 
to direct attachment together of chromo- 
phores, it is possible to combine them to- 
gether by transmitting linkages such as 
the ethenylene linkage (—CH=—CH—) 

(Fig. 48). Covalent and coordinate linkages 

are capable of transmitting effects, whereas 

ionic linkages produce insulating chromo- 
phoric effects. Combination of simple 
chromophores together by conjugated link- 
ages may produce larger chromophores 
which possess unusual stability or color 
properties and to which distinctive names 
such as benzenoid, quinoid, indigoid, flava- 

20 Ps 
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Fic. 49.—Conjugated and Cumulative Chrom- 
ophores. 


Absorption spectra of disazo dyes, (A) with the two 
chromophores conjugated, (B) with the two chromophores 
cumulatively linked, and (C) with the two chromophores 

separated. 


noid, etc., are given to simplify nomencla- 
ae ture and discussion. 
«3... Cumulated, in which the two resonance 
centers share electrons in common so as to 
permit only one of the two forms to exist 
simultaneously, as in allene (CH,—C=CH)p), 
and certain bisazo dyes. There is usually 
not a complete suppression of resonant 
forms and, while a hypochromic effect is 
apparent, there is usually some batho- 
chromic effect as well as the apparent 
single chromophore (Fig. 49). 

Chemical or structural changes in absorp- 
tion bands involve changes from one chromo- 
phoric form to another or the destruction 
or formation of a chromophoric form. 
Indicators generally imply change from one 
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color form to another as a result of a change 
in acid or alkaline condition. A single 
indicator may show more than one change 
in color over a range of pH conditions. A 
study of the absorption spectra as the color 
changes shows that there is an equilibrium 
between the two structural forms and an 
isosbestic point of common absorbance can 
be determined. The absorption changes of 
indicators do not have to be visual and may 
involve changes in ultraviolet absorption. 
They may also be produced by oxidation- 
reduction, ionization, hydration, and other 
reagent effects. 

If the reaction results in a visual colorless 
form in one modification, this colorless form 


160- 
o 
1S} 
a 
3 
2 
we) 080+ 
< 

0.00- T T T T 
400 600 800 1000 1200 f 


Fic. 50.—Absorption Spectra of Iodine in Al- 
cohol (A) and Carbon Tetrachloride 
(B). 

is known as the leuco form. Production of 
colored forms from the leuco form is often 
referred to as color development. A com- 
pound is considered to be thermochromic if a 
reversible absorption change is produced 
by heating or cooling. Photochromic and 
radiochromic compounds show reversible 
absorption effects resulting from radiant 

energy, X-ray, or radioactive exposure. 
Chemical solvent effects such as solvation 
are common and must be considered in the 
choice and purity of solvents. For example, 
iodine in carbon tetrachloride gives a purple 
solution with a sharp absorption band at 
540 mu. The presence of a small amount of 
alcohol in the carbon tetrachloride results 
in a brown color with an absorption maxi- 
mum ih the ultraviolet. A study of this 
effect shows that the brown color is essen- 
tially the absorption spectra of iodine in 
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alcohol, in which it forms a complex, and 
that the carbon tetrachloride-alcohol sol- 
vent is actually an alcohol solution of 


the iodine which is merely diluted by the 


Geometrical isomerism of cis and trans 
forms is demonstrated by their difference 
in absorption. An interesting example of 
such in what might be termed a “‘chameleon” 


700 


Wave length, mu 
Fic, 51.—Absorption Spectra of Cobaltous Halides in their Halogen Acids: Heavy Line, CoCl, 
n HCl; Dotted Line, CoBr. in HBr; Light line, Col; in HI. 
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Fic. 52.—Absorption Spectra of Thioindigo, cis and trans ses oe 


carbon tetrachloride as an inert diluent 
(Fig. 50). 

Variation in molecular weight, when 
such a change is involved in the resonance 
structure or portion of the molecule, results 
in a shift of the absorption band to a longer 
wavelength (lower frequency) as the mass 
is increased (Fig. 51). 


effect has recently been demonstrated (57) 
(Fig. 52) in thioindigo. A blue solution 
(trans) with an absorption band in the red, 
if irradiated with light of the wavelength 
of its absorption (red light), is converted 
to a red solution (cis), which has an absorp- 
tion band in the blue. The reaction is re- 
versed if the red (cis) solution is irradiated 
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with light of the wavelength of its absorp- 
tion band (blue light) so as to produce a 
blue solution (trans). 

Structural isomerism is in many cases 
more easily detected in the ultraviolet and 
visible than in the infrared absorption 
spectra. This is especially true when con- 
jugation plays an important part in the 
resonance structure. In Fig. 53 it will be 
noted that blocking of the available electrons 
on the carbon adjacent to the aromatic 
ring by substitution with methyl groups 
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(Fig. 54). The degree of insulation may be 
reduced by closer coupling or coupling 
through a resonance transmitting linkage 
so as to produce eventually a single resona- 
tor. 

In the benzidine series (Fig. 55), it is 
further possible to insulate the two azo 
chromophores by forcing the benzidine 
rings out of plane by introduction of methyl — 
groups ortho to the connecting link between 
the two pheny] rings and in a reverse manner 
the phenyl rings may be directed towards 
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Fic. 53.—Absorption Spectra of Toluene, Benzene, and the Butyl Benzenes. 


results in a spectra of tert-butyl benzene 
which is not far different in average contour 
from benzene, whereas the normal chain 
isomer n-butyl benzene is quite similar to 
toluene in which the unsymmetrical molecule 
shows a marked shift of intensity to the 
longer wavelength component. 

Two other examples, involving azo dyes, 
should suffice to show the possibilities of 
the use of absorption spectra to explain 
structural variation in complex resonance 
forms. In the separation of the azo chromo- 
phores in a disazo compound it is possible 
to insulate completely the two chromophores 
so that they act as separate molecules 


an increase in their apparent coplanar form 
by substitution of a methoxy group in the 
meta position. 


Quantitative Analysis: 


In addition to qualitative identifica- 
tion which is obviously possible from 
the finger-print type of spectra which 
many compounds yield (Fig. 56), it is 
also possible to estimate the amount of 
many substances present in mixtures. 
For example mixtures of chlorophyll 
A and B can be analyzed by a measure 
of the absorption band from 420 to 480 
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(a) Absorption spectra in alcohol solution of two disazo dyes showing restriction to molecular conjugation and a 
monoazo dye of suitable construction to represent most nearly a half-structure of these molecules. 7 
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Fic. 55.—Absorption Spectra of Disazo Dyes in Alcohol and in Basic Media. 
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Fic. 56.—Absorption Spectra of 4, 4’-dimethy]-6, 6’dichlorothioindigo in Chloroform 
and Sulfuric Acid (- —) Solution. 
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mu. In research and commercial practice, 
many dyes, drugs, and other chemicals 
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STANDARDS 
Standards are essential for calibration 
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tively identified and quantitatively esti- 
mated by their absorption spectra. 
Standard methods of analysis for vitamin 
A involve the use of its absorption band 
at 328 mu. 
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Fic. 58.—Typical Spectral Transmittance Curves of Glass Standards. — 
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intercomparability of data observed on 
different instruments or from different 
laboratories. In the infrared, ammonia 
has proven useful as a test compound to 
test the resolution (Fig. 41). Benzene 
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provides a useful wavelength calibration not as satisfactory for absorbance. For 
(Fig. 44 (d)). In the visual range, colored this latter purpose, a different set of 
glasses are often used to calibrate standards (Fig. 59) should be used 
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Fic. 60.—Absorption Spectrum of Potassium Chromate. Molar Solution in 0.05 N KOH.d=1 © 
cm.; ® Sector Method; —*- Photoelectric Method; ° Arc Screen- —°—- Spark Screen (5). 


on 

a transmittance (Fig. 58). These standards 
which are issued by the National Bureau 

to 

ne of Standards are quite satisfactory for 


transmittance scale calibrations but are 
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which would provide plateaus of maxima _ 
or minima at various absorbance values 
over the range measured and which 
would not be appreciably affected by 


— | 
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slight deviations of the wavelength 
setting. Wavelength values, on the 
other hand, are best checked by the use 
of a mercury source. For ultraviolet 
absorbance calibration, solutions of po- 
tassium chromate (Fig. 60), potassium 
nitrate, or potassium acid phthalate 
have been recommended. 

Resolution tests can be made with 
rare earth (didymium) glasses, or ben- 
zene vapor (Fig. 44 (0)). 


REFERENCE DATA 


National Bureau of Standards—Ameri- 
can Petroleum Institute curves of the 
visible and ultraviolet absorption spectra 
of hydrocarbons and related substances 
have been issued on a large number of 
substances. A new National Bureau of 
Standards series on other types of sub- 
stances is in the process of initiation and 
other compilations have been assembled 
(58, 59). 

The wide distribution and availability 
of spectrophotometric equipment (for 
example, over 3000 Beckman DU in- 
_ struments are now in use in various 


“crease in absorption spectra data and 
application as a part of the fundamental 
constants and measurements used to 
_ describe and characterize new com- 
_ pounds and reaction states. In the past 
two years, about 10 per cent of all of the 
technical papers in chemistry have 
included some absorption spectra data. 
In the Journal of the American Chemical 
Society, of the approximately 2500 
papers published in the past two years, 
over 300 papers included absorption 
spectra data. 
With the improvement and develop- 
of rapid automatic and photo- 
- electric instruments in the visual and 
ultraviolet regions (Cary, Beckman, 
‘3 General Electric, Brode, Harrison, Gib- 
vi son, etc.) and double-beam automatic 
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instruments in the infrared (Baird 
Perkin-Elmer, Hilger, Beckman, etc.) 
it can be expected that the next decade 
will witness an even greater emphasis or 
the publication of absorption spectra 
data. 

Just as the medical research worker, 
as an applied microscopist, has learned to 
use microscopic equipment without a 
comprehensive knowledge of the field of 
optics, so it has been my contention that 
chemists and engineers learn to use 
spectrographic equipment in chemical 
analysis without a background of ex- 
tensive physical theory. This concept of 
applied spectroscopy has formed the 
basis of textbooks and courses in many of 
our leading universities and the resulting 
trained technologists are now using 
these techniques in the fields of testing 
and research. 


Acknowledgment: 


I feel that I should not close this 
discussion without some expression of 
appreciation on the part of spectros- 
copists to A.S.T.M. for its constant 
and effective support of this new field. 

In 1932, under H. V. Churchill of the 
Aluminum Research Laboratories, Com- 
mittee E-2 on Emission Spectroscopy 
was organized. Mr. Churchill served as 
Chairman from 1932 to 1946 and was 
succeeded by Bourdon F. Scribner of the 
National Bureau of Standards. Secre- 
taries of the committee have included 
C. C. Nitchie, B. F. Scribner, and Mary 
E. Warga. 

This committee has held some three 
symposia at national meetings of the 
Society, has published survey work on 
standard samples (Brode—Scribner— 
Corliss) (43); and has published three 
editions of an emission spectra _bibli- 
ography by Meggers and Scribner) (60). 
In the 1946 Book of A.S.T.M. Methods 
of Chemical Analysis of Metals (61), 5 
tentative methods of spectroscopic analy- 
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sis wgre published and in this year’s 


meeting it is expected that an additional 
“volume” of some 54 suggested methods 
for emission spectrochemical analysis 
will be approved. 

The recent organization of Committee 
E-13 on Absorption Spectroscopy will, 
it is hoped, lead to an equally effective 
service in this field. 

With the cooperation of the National 
Bureau of Standards, and the scientific 
organizations as well as industry and 
universities we may look forward to 
advances in the provision of standard 
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samples, standard data _ catalogs, 
standard methods of analysis, and im- 
proved techniques and equipment in 
this field. 

Acknowledgment is made to John 
Wiley and Sons for permission to re- 
produce certain figures from “Chemical 
Spectroscopy” (5) written by the au- 
thor and from the Academic Press for 
reproduction of figures from the chap- 
ter written by the author in Berl’s 
“Physical Methods of Chemical Anal- 
ysis” (4). 
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THE INFLUENCE OF 


STRAIN RATE ON SOME TENSILE PROPERTIE: S 


OF STEEL* 


By D. S. CLark! anp P. E. 


DuweEz! 


SYNOPSIS 


The inability of impact tests to reveal the true influence of strain rate on the 
tensile properties is demonstrated. The fundamental requirements of a device 
by which strain rate effects can be studied are considered and the details of a 
machine that has been constructed are presented. The results of static and strain 
rate tests up to a rate of about 200 in. per in. per sec. are presented and dis- 


cussed for three different steels. 


The specimens for these tests were taken 


from plates. The results show that the proportional limit of these materials 
increases to a value corresponding to the ultimate strength at a strain rate of 
between 40 and 80 in. per in. per sec. The ultimate strength for all materials 
tested increases with increasing rate of strain up to a rate of about 100 in. per 
in. per sec. and then is not affected appreciably. 


mechanical properties of metals and 
alloys has been under study by several 
investigators during the past 10 or 15 
years. Most of these investigations have 
been made at rates that may be obtained 
with screw-driven machines. The inves- 
tigations of Winlock and Leiter (1)? and 
Elam (2) are examples of work which has 
been done in the field of relatively low 
strain rates. The investigations of Mann 
(3, 4), Clark and Datwyler (5), Man- 
joine and Nadai (6), Parker and Fergu- 
son (7) and Manjoine (8) have attempted 
to reveal the influence*of the higher 
range of strain rate on the mechanical 
properties of metals. Clark and Duwez 
(9, 10) have shown that the strain rate 
in impact tests varies from point to 


* Presented at the Fifty-third Annual Meeting of 
the Society, June 26-30, 1950 
! Associate Professors of Mechanical Engineering, Cali- 
fornia per of Technology, Pasadena, Calif. 
boldface numbers in parentheses refer to the list 
of sulepenaan appended to this paper, see p. 575. 


point along the specimen and for a given 
point it is also dependent upon time. 
Therefore, the usual tension impact test 
cannot be employed to study the influ- 
ence of rate of strain on the properties 
of metals. 

The inability of impact tests to reveal] 
the influence of strain rate may be illus- 
trated by considering a specimen of an- 
nealed copper 8 in. long struck at one 
end, at a velocity of 100 ft. per sec. The 
rate of strain at the struck end, the 
middle, and the fixed end of the speci- 
men, as a function of time, can be com- 
puted from the strain-time curves. These 
curves are shown in Fig. 1. In this case 
the rate of strain reaches a value of 870 
in. per in. per sec., while the average rate 
of strain is 150 in. per in. per sec. With 
lower impact velocities the maximum 
strain rate approaches the average strain 
rate. It is apparent that if one is to study 
the influence of strain rate on the prop- 
erties of a material, the test must be 
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conducted in such a way that the phe- 
nomenon of the propagation of plastic 
strain is not present. 

The purpose of this paper is to describe 
equipment that has been developed to 
study the influence of pure strain rate on 
the properties of materials and to present 
the results of some experiments made 
with this equipment on three types of 
steel. 
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Fic. 1.—Rate of Strain versus Time for an Annealed Copper Specimen 8 in. Long Subjected 
to an Impact Velocity of 100 ft. per sec. (1-Struck End, 2-Middle, 3-Fixed End of Specimen). 


EQUIPMENT fluid, 


Fundamental Considerations; = = rate of strain with incompres- 


One method of securing a uniform high sible fluid, 
strain rate is to use a thin-wall hollow = coefficient of compressibility of 
cylindrical specimen in which only cir- fluid, 
cumferential strain is induced by an volume of all fluid within the 
internal fluid pressure. The ability of cylinder, 
such a system to produce a desired con- ; volume of the cylinder within 
stant strain rate depends upon the in- the gage section, 
compressibility of the fluid employed, = wall thickness of the specimen, 
the ability to compress the fluid by r = inside radius of the tubular 
means of a piston moving at constant specimen, 
velocity, and the stress-strain relation radius of the piston, 
for the material being tested. 

It can be shown that the ratio between 
the actual rate of strain and the ideal specimen, 
rate of strain is given by the — velocity of the piston, and 
relation: ets length of gage section. 


ratio of stress to strain in the 
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rate of strain with compressible 
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k V; 
The smaller the value of 5 ae 
Eq. 1 the closer the rate of strain i be 
to the ideal rate of strain. The fluid of 
those most readily available having the 
lowest compressibility coefficient, k 
4 X 10~* atmospheres, is mercury. The 
smallest practical value of the fluid 
volume, V;, seems to be one and one-half 
times the volume in the gage length of 
the specimen, V,. If thin-wall cylinder 
theory is to be applied in this case, the 
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will be en than 90 per cent of the 
ideal rate. 

The range of strain rates obtainable 
with this method depends upon the di- 
mensions of the specimen and the piston 
velocity. For a specimen with an inside 
diameter of 0.250 in., a piston of the 
same diameter, and a gage length of 
1.25 in., the rate of strain is computed by 
means of Eq. 2 to be 0.48 in. per in. per 
sec. for a piston velocity of 1 ft. per sec. 
With a piston velocity of 200 ft. per sec. 


100 


Fate of S train Ratio 
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Fic. 2.—Stress versus Strain and Ratio of Actual Rate of Strain to Ideal Rate of Strain 
versus Strain for S.A.E. 1020 Cold-Rolled Steel. 


maximum value of is about one-tenth. 


The ratio of the actual rate of strain 
to the ideal rate of strain for a cold-rolled 
steel can be computed as a function of 

€ 
—! and - 


as 4 X 10-* atmospheres™', 1.5, and 0.10, 


strain by taking values of k, 


respectively, and taking from the 


stress-strain diagram. The curve re- 
sulting from this computation is pre- 
sented in Fig. 2. This curve shows that 
in the plastic range the rate of strain 


a rate of strain of about 960 in. per in 
per sec. can be obtained. Care must be 
taken with respect to the propagation 
of elastic waves in the fluid. The maxi- 
mum piston velocity above which propa- 
gation becomes troublesome may be 
arbitrarily defined as that velocity for 
which the time required for a pressure 
wave to travel the length of fluid con- 
tained within the specimen is of the 
same order of magnitude as the time re- 
quired for the specimen to rupture. 
The velocity of propagation of an 
elastic wave in mercury is of the order 
of 5000 ft. per sec. With a length of fluid 
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column of approximately 2 in., the time 
for a wave to travel this distance is 0.03 
milliseconds. For a piston velocity of 
200 ft. per sec. and a maximum strain of 
5 per cent, a specimen of the dimensions 


Elevator 


— Support Column 


Frame 


Lower 


Support Column 


Fic. 3.—Strain Rate Machine—Side View. 


previously given will rupture in 0.05 
milliseconds. For a piston velocity of 100 
ft. per sec., rupture will occur in 0.1 
milliseconds and the elastic wave will 
propagate three times along the fluid. 
From this information, and from the di- 
mensions employed, it would appear that 
the propagation in the fluid will not be 
troublesome if the piston velocity is less 
than 100 ft. per sec., corresponding to a 
rate of strain of less than 480 in. per in. 
per sec. On the basis of these considera- 
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tions, equipment was designed and ccn- 
structed, utilizing a tubular type of 
specimen filled with mercury which is 


pressurized by means of a piston driven 
at a desired velocity by impact 


Elevator 


Hommer 


Piston 
Cylinder 


Support 
Column 


Lower 
Support 


Fic. 4.—Strain Rate Machine—Front View. 


Strain Rate Machine: 


The frame of the machine used in | 

Row 

these investigations consists of two | 
parallel rails 6 in. apart providing guides 
for a hammer. This frame is supported 
on large I beams over a pit. In this 
machine an impacting hammer slides 
between the two vertical rails and is 
accelerated by 40 rubber bands ? by 1 
in. The hammer is lifted to the desired 
height by an electric motor driving 


1 
| 
Piston \ Rubber Bands | 
Bands | 
Gui 


through a worm gear reduction, a tan- 
dem chain-drive speed reduction, and 
tandem lifting chains. The lifting chains 
are attached to a hoisting block which 
slides between the vertical rails of the 
machine and grips the top of the impact 
hammer. A solenoid-operated trigger re- 
leases the hammer. The hammer velocity 
is determined by measuring the time re- 
quired for the hammer to travel between 
fixed points of known spacing placed on 
the frame of the machine near the point 
of impact. A record of the time intervals 
is made by means of a cathode-ray oscil- 
lograph. Two views of this machine are 
shown in Figs. 3 and 4. 

The assembly holding the specimen 
and actuating cylinder is threaded into 
the top end of a column rising from the 
floor of the pit through a support at the 
bottom of the rails to a position between 
the rails as shown in Fig. 4. The lower 
end of this column rests on a spherical 
seat and is centered by adjusting screws 
and clamped into position by bolts. 

The actuating cylinder is shown in 
Fig. 5. The cylinder and piston are made 
of heat-treated type 440C stainless steel. 
A free-fitting plug closes the lower end 
of the specimen and rests on a dyna- 
mometer. This assembly is screwed into 
the column and the inner cylinder and 
specimen are filled with mercury. The 
plug transmits the fluid pressure to the 
dynamometer and eliminates axial re- 
straint in the specimen, thus providing 
circumferential loading. The dynamom- 
eter consists of a short column of heat- 
treated alloy steel, shown in Fig. 5, to 
which a resistance-sensitive element is 
cemented. The elastic deformation of 
the dynamometer column produced by 
the fluid force on the plug changes the 
resistance of the element which causes 
a change of voltage in the strain-gage 
circuit. This voltage change is amplified 
and produces a vertical deflection on a 
cathode-ray oscillograph. Considering 
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the response of the electrical system and 
variation of cross-sectional area of the 
specimen, the stress values obtained are 
accurate within + 10 per cent. 


Starting Damper 


Shear Damper 
Outer Cylinder 
Piston 

Stopping Damper 


Inner Cylinder 


~— Aligning Pin Hole 


Specimen - 


Plug 


Fic. 5.—Actuating Cylinder Assembly of Strain 
Rate Machine. 


The lower end of the piston is placed 
in contact with the mercury column. 
The piston is driven into the cylinder 
filled with mercury by a hammer-moving 
at the desired velocity. A copper button 
is placed on the piston to act as a damper 
to decrease the shock wave. 

Two types of hammers are employed. 
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Strain rates of less than 100 in. per in. per 
sec. (hammer velocity less than 20 ft. 
per sec.) are obtained by raising a ham- 
mer shown in Fig. 6 to the desired height 
by means of the elevator and allowing‘it 


Fic. 6.—-Drop Hammer for Strain Rates Less 
an 100 in. per in. per sec. 


Fic. 7.—Hammer for Strain Rates Greater Than 
100 in. per in. per sec. . 


to fall freely. To attain greater strain 
rates, the hammer shown in Fig. 7 is 
used. This hammer is accelerated by the 
rubber bands previously mentioned. 
Each hammer is provided with a shear 
disk of phosphor bronze. When the piston 
has been driven to the end of its stroke, 
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the impact head of the hammer strikes 
the rim of the supporting cylinder and 
the shear disk fails, allowing the hammer 
to pass downward over the column. The 
hammer is decelerated by the rubber 
bands and by a braking system. The drop 
hammer and rubber band actuated — 
hammer weigh 166 and 48 lb., respec- — 
tively. Each hammer is designed to have © 
sufficient energy so that the decrease in _ 


Piston 


Air 
Bleeder 


Cylinder 


Specimen 


Pressure Seal 
Sleeve 


Base 


Fic. 8.—Equipment for Static Uniaxial Tests. 


velocity during the period of applying 
pressure to the specimen is less than 5 per 
cent. 

While the theoretical limit of pure 
strain rate with this equipment is 500 
in. per in. per sec., the actual limit is 
about 250 in. per in. per sec. due to the 
fact that above a velocity of 50 ft. per 
sec. parts of the cylinder assembly fail 
under impact loading. 

All recording equipment and actuating 
controls are located at a central panel. 
This panel contains a standard frequency 
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0 variable frequency oscillator 
for each of the two oscillographs, two 
sweep units, two preamplifiers, a se- 
quence control, calibrating units, a 5-in. 
Dumont Type 241 oscillograph, 9-in. 
R.C.A. TMV-168 oscillograph, and 
power supplies. A camera with 35-mm. 
film is provided for each oscillograph. 


the lower cylinder. The operating cyl- 
inder is filled with S.A.E. 70 oil and the 
piston inserted. The air is bled off 
through a needle valve in the piston. 
The equipment is placed in a universal 
testing machine and pressure applied. 
Simultaneous values of load and dia- 
metrical deformation are recorded. The 


Ground 0.276¢0.001° 


Honed 0.250020.0002”" 


Dynamic Specimen 


Ground 0.276+0.001 


Honed 0.250040.0002 
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Static Specimen 


A3i in. Diamies Type 164 B oscillograph 
is employed to accurately adjust the 
variable-frequency oscillator. 


Static Testing Equipment: 

A section view of the equipment em- 
ployed for the static uniaxial tests is 
shown in Fig. 8. The specimen is similar 
to the dynamic specimen except that it 
is provided with threads at one end onto 
which a pressure seal is screwed. A 
closely fitting plug permits free axial 
motion of the specimen. The operating 
cylinder with the specimen in place is 
screwed into the lower cylinder with the 
on the base of 


Te 


stress in the specimen is obtained om 
the load on the testing machine and the 
area of the specimen with a resulting 
accuracy of within + 6 per cent. The di- 
ametrical deformation of the specimen is 
determined by means of a simple linkage 
mechanism and a Starrett dial gage read- 
ing to 0.0001 in. The strain measure- 
ments are accurate to within + 1 per cent. 
The usual tension tests were made 
with a 30,000-lb. universal testing ma- 
chine with a least reading of 10 lb. 


Specimens: 


The specimens for static and “o* 
uniaxial tests are shown in Fig. 9 


1 Static Specimens, 
ar 
| 
| 
4 
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material for the specimens was ma- 
chined to a diameter of 0.515 in. and a 
length of 43 in. A hole was drilled through 
the blanks along the axis, then reamed 
and honed to a diameter of 0.2500 + 


outer diameters of the gage section were 
concentric within 0.0005 in., and the vari- 
ation from the nominal hole diameter was 
0.0002 in. The over-all accuracy of the 
determination of wall thickness i is within 


0.0002 in. Some holes were hand lapped about 7 per cent. , ; 
TABLE I.—CHEMICAL COMPOSITION OF PLATES. 
Carbon Carbon-Manganese Steel Nickel-Chromium Steel 
Steel 
pS OOD” cs CMn-1 CMn-2 | CMn-3 | CMn-4 | NiCr-1 | NiCr-2 | NiCr-3 
Plate: 
Weight, lb. per sq. ft........ 60 25 25 60 5 25 
, 1% 19/32 23/32 19/32 1% 9/16 9/16 9/16 
Analysis: 
Cogpem, per cent .......0.. 0.22 0.12 0.17 0.13 0.14 0.36 0.41 0.34 
Manganese, percent ..... 0.55 1.25 1.24 1.23 1.25 0.22 0.21 0.21 
Phosphorus, per cent....... 0.013 0.032 0.031 0.029 0.043 0.017 0.017 0.014 
HOT COME... 0.027 0.029 0.028 0.025 0.042 0.020 0.023 0.022 
Silicon, er 0.22 0.03 0.04 0.23 0.30 0.09 0.08 0.07 
Chromium, SEY 0.03 0.02 0.06 0.08 0.07 1.37 1,37 1.38 
Nickel, per cent ........... Trace 0.04 0.08 0.14 Trace 2.73 2.73 3.10 
Copper, Trace 0.20 0. 0.27 Trace 


TABLE II.--RESULTS OF STATIC TENSION TESTS. 


| | | 
Rock- |Propor- | yjtimate |Elonga- | Reduc- 
. . well tional tion in | tion of 
Designation) Limit, 8in., | Area, 
ness psi. per cent per cent 
er teria 70.4B | 30500 | 60 500 19.5 61 
32 000 | 61 000 18.7 64 
CMn-1..... 82.1B | 54600 | 73 500 16.2 74 
54 500 | 73 400 18.2 64 
CMn-2..... 82.7B | 54500 | 75 100 16.0 75 
54100 | 74 800 17.1 75 
CMn-3..... 83.9B | 56500 | 75 000 14.5 75 
54000 | 72 800 16.2 75 
CMn-4..... 84.3B | 57000 | 73 100 9.7 71 
42 000 | 73 600 12.9 72 
NiCr-1... 23.4C | 99000 |114 500 8.1 61 
99 000 |116 200 9.5 61 
NiCr-2..... 22.9C | 99000 |114 000 8.1 61 
99 000 |114 200 8.1 61 
NiCr-3.....| 23.6C | 97.000 |116 000 9.3 69 
97 500 |115 200 9.4 69 


producing a finish of 4 to 5 microinch 
rms. Machine honing was necessary in 
order to finish specimens in large quan- 
titites. The finish obtained varied from 
5 to 25 microinch rms. with some holes 
as rough as 50 microinch rms. The speci- 
mens were mounted on an arbor and the 
outer surface machined. The gage length 
was ground to a diameter of 0.276 + 
0.001 in. with a resulting surface finish 
of 5 to 15 microinch rms. The 3 inner and 


The static tension test specimens, 
0.300 in. in diameter w th a gage length 
of 8.0 in., were used in determining the 
usual static tensile properties. 


MATERIALS TESTED 


The materials considered in this inves- 
tigation consisted of three types, namely, 
a carbon steel, a low-carbon manganese 
steel, and a nickel-chromium steel. These 
materials were in the form of plates 
varying from 7g to 2 # in. in thickness. 
The analyses of the plates are given in 
Table I. The specimen blanks were ~ 
sawed from the plates so that the axes _ 
of the spec.mens were parallel to the © 
direction of rolling. On the thicker plates, — 
the blanks were split parallel to the plane . 
of rolling so that the test section of the 
specimens would not include material 
in the central plane of the plate. 


EXPERIMENTAL RESULTS 
Static Test Results: 


Static tension tests and static tests 
using a tubular specimen under in- 


ternal pressure were performed on the 
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TABLE IlI.—RESULTS OF STATIC UNIAXIAL TESTS. 


Profilometes| | 
Outside Inside 
my Reading, Diameter, | Gage 


Designation mber microinch in Length, in. 


| 
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TABLE IV.—RESULTS OF STRAIN RATE TESTS ON CS PLATE. 


4 
Profilo- ammer, ft. Rate of Outsid Maxi- 
meter | Outside Strain, | “tional i Diam- Union 
Reading,| Diam- | I eter af- Str 
_micro- | eter, in. 3 Rubber | in. per 4 i. ‘iter Ru — at 
inch rms, accele- | sec. ture, in. |SUPture, 
rated, per cent 


Ssasssse 

SESSSEEE 


~ 


SSSSSSSSESES 
AW 


| 
| ig Propor- | Ultimate | Uniform 
_tional | Strength, | 
! Limit, psi. psi. per cont 
2 20 0.2763 | 0.2500 1.25 | 45000 63 200 
- 3 19 | 0.2763 0.2500 1.25 45 000 64 000 
: es 4 14 0.2762 0.2500 1.25 35 500 59 000 
> 5 10 0.2750 0.2498 1.25 38 000 60 000 
: er 6 8 0.2750 0.2498 1.25 36 000 56 000 
avis 1 9 0.2760 0.2516 1.25 52 000 78 000 
2 8 0.2770 0.2505 1.25 52 500 77 200 
CMa 1... 3 0.2750 0.2498 1.25 50 000 73 000 
i; 5 4 11 0.2747 0.2498 1.25 52000 | 70.000 
“Aa 1 9 0.2777 0.2522 1.25 55 000 81 500 
i E 2 10 0.2775 0.2516 1.25 53 500 80 500 
: ae CMn-2.... 3 6 0.2746 0.2498 1.25 52 000 74 000 
a 4 7 0.2740 0.2498 | 1.25 54500 | 77.000 
Average | | | 53700 | 78 200 
1 0.2760 0.2500 1.25 52 500 85 000 
. | 2 ee 0.2760 0.2500 1.25 56 500 82 500 
a CMn-3..... 3 j- 0.2765 0.2500 1.25 51 500 83 000 
4 0.2760 0.2500 1.25 | $2000 88 000 
| Average | _|__52 500 84 600 
2 10 0.2813 0.2548 1.25 57 S00 80 000 
‘ sores 3 9 0.2780 0.2520 1.25 55 000 78 000 
4 0.2930 0.2670 | 1.25 | 46000 70 500 | 
Average. 52000 76200 | 
. 1 10 0.2813 0.2550 1.25 84 000 105 000 
— 2 10 0.2777 0.2516 1.25 96 000 115 500 
- saci 3 9 0.2815 0.2548 1.25 92 000 116 700 
‘ 7 4 10 0.2773 0.2516 1.25 95 000 116 500 
r*. J _ 1 9 0.2810 0.2548 1.25 89 000 118 000 
: NiCr-2. 2 11 0.2776 0.2516 1.25 94 000 107 500 
a 3 8 0.2783 0.2520 | 1.25 94 000 119 500 
- Average. . 92 300 | 115 000 
a : 1 - 0.2760 0.2500 1.25 110 000 128 000 
NiCr3....{ | 0.2765 | 0.2500 | 1.25 | 105 500 | 126 000 
Average | | | | 127 000 | 
Specimen 
No. 8. 6 U.2 
, No.6.....| 12 0.2 
+ No. 20....| 8 0.2 
me. No.12....| 6 0.2 
No. 15....) 10 0.2 
No. 16....| 11 0.2 
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TABLE V.—RESULTS OF STRAIN RATE TESTS ON CMn PLATE. 


of 
Proflo-| | Rate of Outside 
meter | Outside | Inside Strain, Ultimate} Diam- 
Specimen /Reading,| Diam- Diam- Strength,| eter af- 
_ micro- | eter, in. | eter, in q Free in. per psi. |ter Rup- 

rms, | Fall, sec. ture, in. 
com- 
puted 


whe 
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te 
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569 
} 
Maxi- 
_ mum 
Uniform 
Strain at 
Rupture, 
per cent 
CMn-1 
No. 
N 
N 
N 
N 
N 
N % 4 
N 0.275 | 0.250 
N 0.275 | 0.250 
N 0.277 | 0.250 | - 
N | 0.277 | 0.250 | 
N 0.278 | 0.250 | 
N 9 0.274 | 0.250 an lake 
N 9 0.277 | 0.250 
N 10 0.277 | 0.250 
N 11 0.278 | 0.250 vw. i 
No. 19.... 11 0.275 | 0.250 ee P 
- No. 14.... 10 0.274 | 0.250 7“ 
No. 17.....| 10 0.275 | 0.250 
No. 16..... 9 0.275 | 0.250 7 
No. 15.....| 9 0.275 | 0.250 i. 
CMn-3 
No. 9... 10 ae 41.6 | 66) 0.293 | el 
No. 10... 10 41.6 | 74 0.298 
No. 11... 10 81 0.292 
No. 12... 2 18 73.3 0.296 
- No. 14... 18 73.3 0.296 
No. 1... 26.1 106.0 0.303 
No 2... 26.4 107.0 0.293 
No. 3... = 26.6 | 108.0 0.303 
No. 7... 42.5 | 173.0 | ... 0.295 | 
No. 5... 44.0 | 179.0 | ... (0.293 ‘ 
eo 
CMn-4 
0.295 
No. 9... 0.295 
No. 6... 0.289 
No. 22... 0.293 
No. 23... 0.291 2 
No. 19... 0.282 a 
No. 20... 0.302 | ars) 
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three different types of materials. The 
results of the static tension tests are pre- 
se1ited in Table II. The results of the 
static tests made on tubular specimens 
are presented in Table III. The results 


mens from some plates, not reported in 
this paper, developed longitudinal cracks 
in the static tests. 

The appearance of fine cracks asso- 
ciated with premature rupture of the 


TABLE VI.—RESULTS OF STRAIN RATE TESTS OF NiCr PLATE, 
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presented in Table III were obtained 
from the curves of hoop stress versus 
hoop strain. In making the static tests 
on the tubular specimens a few speci- 
mens developed a fine longitudinal crack 
shortly after reaching the proportional 
limit causing the oil to leak and the 
inside pressure to drop to zero. All speci- 


specimens may be due to the presence of 
impurities which give the steel a fiber 
structure in the longitudinal direction. 
The importance of this factor is increased 
in the case of specimens having very 
thin walls (0.01 in.) such as used in this 
investigation. 
It may be noted that for specimens of 
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the carbon steel presented in Table III of the load measurements. It is probable << 
the proportional limit varies between that the lack of structural uniformity 


TABLE VII.—RESULTS OF IZOD IMPACT TESTS. 
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82.6 


* Notches Nos. 1 and 3 are parallel to the plane of the plate, while Notch No. 2 is perpendicular to the plate. 


TABLE VIII.—COMPARISON BETWEEN STATIC AND DYNAMIC WITH TUBULAR 
SPECIMENS AND WITH TENSION SPECIMEN 


Results of Tests on Tubular Specimens Results of Tensile Tests 
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35,500 and 45,000 psi. and the ultimate between specimens having such thin 
strength varies between 56,000 and walls is the principal reason for the 
64,000 psi. This rather large scatter can- scattered results. The results obtained 
not be accounted for by the inaccuracy from the other two materials are more 
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Frc. 10.—Ultimate Strength (0) and Proportional Limit (x) versus Rate of Strain for Carbon 


Steel Plate (CS) 
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Fic. 11.—Ultimate Seg (0) and Proportional Limit (Xx) versus Rate of Strain for Carbon 
Manganese Steel Plate (CMn-2). 
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Fic. 12.—Ultima’ te Strength (0) and Proportional Limit (X) versus Rate of Strain for Nickel 


Chromium Steel Plate (NiCr-2). 
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consistent and the number of specimens 
in which a fine crack developed during 
the test was relatively small. The micro- 
structure of these two materials is much 
more uniform and seems to present less 
directional inhomogeneity than that of 
the carbon steel. ia 

Strain Rate Test Results: 


The results of dynamic tests made on 
the three materials are presented in 
Tables IV, V, and VI. The rate of strain 
in the specimen has been computed 
according to Eq. 2 and is expressed in 
in. per in. per sec. The values of ultimate 
strength and proportional limit have 
been computed from the force-time 
diagrams. 

The maximum fluid pressure is com- 
puted from the value of the maximum 
force recorded in the test. From this the 
ultimate strength is computed by means 


of the formula o = p - where # is the 


pressure, ¢ the wall thickness, and r, the 
average radius of the cylinder. When the 
recorded diagram presents some oscilla- 
tions, a smooth curve is traced through 
an average value and the maximum 
force is read from this smooth curve. 
The proportional] limit is taken as the 
stress corresponding to the force at 
which the recorded diagram starts to 
curve. 

The diameter of the specimen was 
measured after the test. This measure- 
ment was made on that part of the speci- 
men which remained nearly cylindrical 
in shape and not in the region of the 
fracture. In general, that portion of the 
specimen which remained almost cylin- 
drical after rupture and was used for the 
measurement of the uniform maximum 
hoop strain at rupture occupied more 
than one-half the gage length. 

The ultimate strength and the pro- 
portional limit are plotted against the 


= 


rate of strain for typical cases of each 
material in Figs. 10 to 12 inclusive. 

In the case of the carbon steel, the 
ultimate strength appears to increase 
gradually with the rate of strain from 
an average static value of 60,400 psi. to 
approximately 87,300 psi. for a rate of 
strain of about 180 in. per in. per sec. 
The proportional limit for rates of strain 
of about 40 in. per in. per sec. is slightly 
higher than the average static value. 
For higher rates of strain the force-time 
diagram and consequently the stress- 
strain diagram is almost a horizontal 
straight line in the plastic range, hence 
the proportional limit is taken equal to 
the ultimate strength. The maximum 
uniform strain of this material at rupture, 
as indicated in Table IV, varies from 2.6 
to 8.0 per cent and does not seem to 
show any systematic variation with rate 
of strain. It is important to consider that 
the very small wall thickness of the 
specimens makes it difficult to reproduce 
rupture conditions from specimen to 
specimen. 

In the case of the manganese steel, the 
ultimate strength appears to increase 
with increasing rate of strain from about 
78,000 psi. under static conditions to 
about 100,000 psi. for a rate of strain of 
approximately 200 in. per in. per sec. 
The proportional limit appears to become 
equal to the ultimate strength for rates 
of strain above approximately 70 in. per 
in. per sec. In the case of this material, 
the uniform strain at rupture, as indi- 
cated in Table V, varies from 1.8 to 10.5 
per cent. As in the case of the previous 
material discussed there is no apparent 
relation between these values and the 
rate of strain. 

For specimens of the nickel-chromium 
steel, the ultimate strength appears to 
increase more or less with the rate of — 
strain, but the results are more scattered 
than those obtained for the other two 
materials. For one plate of this material 
(NiCr-2) there is a slight decrease of 
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ultimate strength at a rate of strain of 
about 40 in. per in. per sec. The general 
increase in ultimate strength is from 
about 115,000 psi. under static conditions 
to about 145,000 psi. for a rate of strain 
of approximately 200 in. per in. per sec. 
At a rate of strain of approximately 60 
in. per in. per sec., the proportional limit 
appears to reach the ultimate strength. 
The maximum uniform strain at rupture 
is scattered between 2.1 and 9.0 per cent 
and does not seem to be influenced by 
rate of strain. 


Notched-Bar Impact Tests: 
In addition to the strain rate tests, 


notched-bar impact tests were made on 
specimens of each plate. These results 


are presented in Table VII. 


DISCUSSION OF RESULTS 


For most plates from which samples 
were taken, the ultimate strength in- 
creases with increasing strain rate. In 
some instances the increase is not very 
great. For purposes of comparison the 
average results of the static tests and 
dynamic tests, the latter at a strain rate 
of about 190 in. per in. per sec., are sum- 
marized in Table VIII. In this table the 
increase of ultimate strength due to the 
rate of strain is expressed in per cent of 
the static value. These results show that 
the increase of ultimate strength is of the 
order of 45 per cent for the carbon steel, 
about 30 per cent for the manganese 
steel, and about 30 per cent for the nickel- 
chromium steel with the exception of the 
group of samples from one plate (NiCr-3) 
in which case there is practically no 
change of ultimate strength. 

The proportional limit of all these 
materials increases with rate of strain. 
For rates of strain greater than about 70 
in. per in. per sec., the recorded stress- 
strain diagrams were practically hori- 
zontal in the plastic range, and the 
values taken for proportional limit are 
then equal to the ultimate strength. 


CLarRK AND Duwez 


The maximum uniform strain at rup- 
ture is quite scattered as observed in 
both the static and dynamic tests. For 
this reason no systematic relation can 
be found between the uniform strain at 
rupture and the rate of strain. It is prob- 
able, as pointed out previously, that the 
conditions which initiate rupture are not 
easily reproduced because of the impor- 
tance of structural inhomogeneity of the 
steel and the small wall thickness. 

The average values of the static pro- 
portional limit and static ultimate 
strength determined with tubular speci- 
mens are about the same as those deter- 
mined in the static tension tests. 

The ultimate tensile strength of some 
of these materials was determined by 
means of impact tests in the manner re- 
ported in a previous paper (11). As can 
be seen in Table VIII, the values of the 
average ultimate strength corresponding 
to a rate of strain of about 190 in. per 
in. per sec. as determined by the tests 
presented in this paper and the average 
ultimate tensile strength determined 
under impact conditions are of the same 
order of magnitude. In comparing the 
results of tensile impact tests with those 
obtained from the strain rate tests, it 
must be remembered that the compari- 
son cannot be established in terms of 
rate of strain. It has been shown that in 
tensile impact tests the actual rate of 
strain varies with both the position of 
the point along the specimen and the 
time. The rate of strain is theoretically 
infinite at the point reached by the front 
of the stress wave and has values actu- 
ally much higher than the average rate 
of strain computed as if no wave propa- 
gation existed. This explains why the 
ultimate strength determined from ten- 
sile impact tests with impact velocities 
ranging from 25 to 200 ft. per sec. are 
apparently independent of the impact 
velocity. 
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The close correspondence of ultimate 
strength determined by means of the 
strain rate tests and the impact tests 
may be interpreted on the basis that the 
effect of an impact on a tension specimen 
is about equivalent to a rate of strain of 
the order of 200 in. per in. per sec., in 
spite of the fact that the actual rate of 
strain produced by the impact may 
reach, at some point, and at certain 
times, much higher values. This gives 
some support to the belief that at strain 
rates appreciably above 200 in. per in. 
per sec. the ultimate strength is not 
altered markedly. Therefore, if strain 
rates greater than 200 in. per in. per sec. 
are encountered in a structural member, 
the results of tests made at a rate of 
about 200 in. per in. per sec. will give a 


REFERENCES 


(1) J. Winlock and R. W. E. Leighter, “Some 
Factors Affecting the Plastic Deformation 
of Sheet and Strip Steel and Their Relation 
to Deep Drawing Properties,” Transactions, 
Am. Soc. Metals, Vol. 25, p. 163 (1937). 

(2) C. F. Elam, “The Influence of Rate of 
Deformation on the Tensile Test with 
Special Reference to the Yield Point in 
Iron and Steel,” Proceedings, Royal Soc., 
Vol. 165, p. 568 (1938). 

(3) H. C. Mann, “High Velocity Tension Im- 
pact Tests,” Proceedings, Am. Soc. Testing 
Mats., Vol. 36, Part II, p. 85 (1936). 

(4) H. C. Mann, “Fundamental Study of the 
Design of Impact Test Specimens,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 37, 
Part II, p. 102 (1937). 

(5) D.S. Clark and G. Datwyler, “Stress Strain 
Relations Under Tension Impact Loading,” 
Proceedings, Am. Soc. Testing Mats., Vol. 
38, Part II, p. 98 (1938). 

(6) M. Manjoine and A. Nadai, “High Speed 


Tension Tests at Elevated Temperatures,” 


Proceedings, Am. Soc. Testing Mats., Vol. 
40, p. 822 (1940); Transactions, Am. Soc. 


reliable evaluation of limit 
and ultimate strength. However, if : 
higher strain rates affect the pen 
adversely this test will not give the de- 
sired results. 


Acknowledgment: 


The investigation presented in this 
paper was conducted at California In- — a 
stitute of Technology under a contract 
with the National Defense Research 
Committee of the Office of Scientific 
Research and Development. The authors 
wish to acknowledge the assistance of 
D. S. Wood, who was largely responsible 
for the design of the equipment used in 
these tests, and H. E. Martens and D. 
A. Elmer, who conducted most of the 
tests presented in this paper. 


Mechanical Engrs., Journal of Applied 
Mechanics, Vol. 8, No. 2, p. A 77 (1941). 

(7) E. R. Parker, and C. Ferguson, “The Effect 
of Strain Rate Upon the Tensile Impact 
Strength of Some Metals,” Transactions, — 
Am. Soc. Metals, Vol. 30, p. 68 (1942). 

(8) M. J. Manjoine, “Influence of Rate of 
Strain and Temperature on Yield Stresses 
of Mild Steel,” Transactions, Am. Soc. 
Mechanical Engrs., Journal of Applied 
Mechanics, Vol. 11, No. 4, p. A 211 (1944). 

(9) D. S. Clark and P. E. Duwez, “Discussion 
of the Forces Acting in Tension Impact 
Tests of Materials,” Transactions, Am. Soc. 
Mechanical Engrs., Journal of Applied 
Mechanics, Vol. 15, No. 3, p. 243 (1948). 

(10) P. E. Duwez and D. S. Clark, “An Experi- 
mental Study of the Propagation of Plastic 
Deformation Under Conditions of Longi- 
tudinal Impact,” Proceedings, Am. Soc. 
Testing Mats., Vol. 47, p. 502 (1947). 

(11) D. S. Clark and D. S. Wood, “The Tensile 
Impact Properties of Some Metals and 

Alloys,” Transactions, Am. Soc. Metals, 

Vol. 42, p. 45 (1950). 


4 
or 
: | 
at 
_ | 
4 
ot 
r- 
te 
I- | 
4 } 
| | 
in 
ne 
1g 
er 
ts 
Be 
it 
4 
of 
in 
of 
of | 
ne 
nt | 
u- j 
te 
a- 
n- | 


Mp. T. I. should like to 
ask a question about the values of pro- 
portional limit reported in the paper. It 
is my impression that the photographic 
record of the oscilloscope trace consists 
of a pressure-time diagram. Do I under- 
stand that the proportional limits plotted 
in the paper are the values scaled from 
those diagrams (rather than from the 
commonly used stress-strain diagram)? 
Were the strain rates listed on the figures 
the actual measured values or were these 
computed strain rates based on the 
velocity of movement of the mercury 
column? 

It seems possible that some questions 
might arise as to whether pressure pulses 
in the column of mercury would alter 
that average strain rate during the time 
of the test at localized spots and perhaps 
lead to unpredictable conditions. 

Mr. D.S. CLarK (author).—The pro- 
portional limit is taken from the force- 
time diagram obtained from the dy- 
namometer at the end of the specimen. 
The pressure pulses that you are talking 
about are the limiting factors in the 
design of this equipment. 

The strain rates listed on the figures 
are based on the velocity of the plunger 
acting on the mercury. 

It is mentioned in the paper that the 
limit of the machine is of the order of 
500 in. per in. per sec. That is more or 
less the theoretical limit as computed 
from the propagation of pulses in the 
mercury column. 

If we were to exceed that rate of strain, 
we then would get into trouble with 
localized pressure regions, which would 


1 Research Professor of Theoretical and Applied 
University of Illinois, Ur 


a: our results. We have actually 
kept well below that limit. The details 
of the design from that point of view are 
considered in detail in the paper. 

Mr. H. F. Moore.?—In determining 
the proportional limit, how did the au- 
thors determine the point where the 
stress-strain diagram ceased to be a 
straight line and became a curve? Or 
was the proportional limit determined by 
the intersection of some “offset” with 
the stress-strain curve? 

Mr. CLarK.—Possibly we were more 
arbitrary in selecting the proportional 
limit than we should have been, but we 
took the stress at which the slope of the 
force-time curve changed. We may have 
been incorrect in calling it a true pro- 
portional limit, but it is practical to call 
it a proportional limit. Possibly we 
should define it clearly as the breaking 
away from the linear portion of the 
curve. 

Mr. Moore.—Have you any evidence 
that there is a true proportional, limit? 

Mr. CrarK.—No. I have more evi- 
dence, I think, that there is not. 

Mr. R. L. Temprtn*.—I should like 
to ask the authors of this very interest- 
ing paper whether they tested a few 
specimens to check the anisotropy of 
these plates. 

Mr. Crarx.—These specimens were 
all taken in the same direction in the 
plate. We should like to have made 
tests in other directions as well, but 
with the time required for testing and 
the cost of specimens, this was not 
feasible. 


2 Research Professor of Emeri- 
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E INFLUENCE OF SPECIMEN DIMENSION AND SHAPE ON THE 
RESULTS IN TENSION IMPACT TESTING* 


By D. S. Crark! anp D. S. Woop! 


SYNOPSIS 


A number of papers have been presented to reveal the influence of impact 
velocity on the tensile properties of materials. Most investigators have not 
reported the existence of a critical impact velocity. This paper presents data 
to show that it is necessary to maintain a ratio of specimen length to diameter 
of at least 13 in order clearly to reveal a critical velocity. The results of tests 
are reported to show that for a constant cross-sectional area the shape of the 
cross-section of the specimen does not alter the tensile impact characteristics 


of a material. 


Within the past ten or fifteen years, 
several investigators (1 to 7)* have re- 
ported the results of tension impact tests 
in which test specimens of differing di- 
mensions were employed. In those studies 
the propagation of elastic and plastic 
strain waves was not taken into account 
in interpreting the data. The results of 
tension impact tests in the light of strain 
propagation have been discussed by 
Duwez and Clark (8,9). This latter work 
served as a basis for the study of the 
tensile impact properties of several 
metals and alloys by Clark and Wood 
(10). In this last paper the existence of a 
true critical impact velocity was demon- 
strated in several metals and justified on 
the basis of the theory of plastic strain 
propagation (11). Prior to this, true criti- 
cal velocities had not been reported. This 
is of interest since others have made tests 
of this character; why did they not ob- 
serve this phenomenon? 

The observance of a critical impact 
velocity may depend upon the length of 
the specimen used in the test and also 


* Presented at the Fifty-third Annual Meeting of 
the Society, June 26-30, 1950. 

1 Associate Professor of Mechanical Eagipecring and 
Lecturer, vesnestively, California Institute of Technology, 
Pasadena, Calif 

2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 585. 


upon the shape and size of the cross- 7 
section. It is the purpose of this paper 7 


question. 


EQUIPMENT 


The equipment used in the perform- 
ance of the tests reported in this paper 
has been described in previous papers 
(4,8,9,10). Briefly, the equipment con- 
sists of a rotating wheel provided with 
impacting jaws which make contact 
with one end of a specimen after the 
wheel has attained the desired velocity. _ 


The machine is capable of a peripheral ct 


velocity of slightly greater than 200 ft. 
per sec. The forces acting on the fixed 


with a cathode ray oscilloscope which 
provides a record of force versus time. 


The static tension tests reported in 


this paper were made with a 30,000-lb. 


universal testing machine having a least -_ ; 


reading of 10 lb. 


end of the specimen are determined by _ 
means of a dynamometer in conjunction © 


Tue INFLUENCE OF RaTIO oF LENGTH 


TO DIAMETER 


The specimens for the investigation of 
the influence of the ratio of length to 
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TABLE I—RESULTS OF STATIC TESTS ON 


SPECIMENS OF S.A.E. 1020 COLD-ROLLED 
STEEL, 
Gage een Tensile | Elon- | Total |Total /Critical 
Length, tional Strength, |gation,| Exten- |Ener-| Veloc 
in. Limit,| _ psi. sion, Ae ity, ft 
psi. cent |L-Lo,in.| ft-lb.|per sec 
Ruescts 70 aa 89500 | 17.3 0.169 98 95.3 
, 66 000, 92000 | 10.4 | 0.204 114 | 105.4 
; ae 64 000; 88 500 7.6 | 0.222 121 91.2 
— Beweapee 61 000; 88 000 6.56 | 0.256 145 | 103.0 
Devseee 66 000} 90 900 5.45 | 0.266 159 94.6 
64 90 000 5.2 0.305 181 99.8 
, 67 000) 88 500 4.28 | 0.288 170 | 92.2 
64000 88 500 5.15 | 0.352 213 
65000 88 000 4.8 0.374 220 | 104.2 
67 000 89 500 3.54 | 0.345 217 | 97.5 


diameter on the tensile impact proper- 
ties were machined from bars of cold- 
rolled S.A.E. 1020 steel 3 in. in diameter. 
The analysis of this material is as fol- 
lows: 


0.23 
Manganese, per cent.......... 0.73 
Phosphorus, per cent......... 0.018 
0.034 


The diameter of these specimens was 
0.300 in. over the gage length. Speci- 
mens were produced with gage lengths 
of 1, 2, 3, 4, 5, 6, 7, 8, and 10 in. ts 


8 


Strain, per cent 


oa. Fic. 1.—Static Stress-Strain Curves for S.A.E. 1020 Cold-Rolled Steel (all specimens 
in. in diameter). 


12 20 


Static stress-strain diagrams were de- 
termined for these specimens. Some of 
the static stress-strain curves are pre- 
sented in Fig. 1. The properties deter- 
mined in the static tests are presented 
in Table I. 

The dynamic tests were made at im- 
pact velocities of 50, 75, 100, 125, 175, 
and 200 ft. per sec. The results of these 
tests are presented in Table II. It has 
been shown in a previous paper (10) that 
the ultimate strength may be somewhat 
greater under dynamic conditions than 
under static conditions, but at velocities 
above approximately 25 ft. per sec. it 
does not seem to increase. The results 
presented in Table II show that there is 
essentially no variation of tensile strength 
with change of gage length. 

These results are most evident in the 
curves of total energy versus impact 
velocity which are plotted in Fig. 2. The 
effect of impact velocity upon total 
energy does not seem to be significant 
for the 1 and 2-in. gage length specimens. 
The large influence of impact velocity is 
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quite evident, however, in tests made 
with specimens having a 3-in. gage length 
or greater. The total energy increases 
with increasing impact velocity. At 
velocities in the neighborhood of 100 ft. 
per sec. the value reaches a maximum, 
and at higher velocities there is a very 
definite decrease in energy. The impor- 
tant fact is that the maxima in the curves 
of Fig. 2 occur at the same impact veloc- 
ity, namely, 100 ft. per sec. 

_ The experimentally-determined critical 
velocity coincides with the computed 
critical velocity based upon the static 
stress-strain diagram. In the tests cov- 
ered by this paper, the diameter of the 
impact Velocity, ft. per sec. specimen was constant while the ratio 


Fic. 2.—Schematic Diagram Showing Influence : 
od Gage Length and Velocity of Yampatt of length to diameter was between 3.3 


on Total Energy. and 33. It is apparent that in this par- — 
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TABLE II.—RESULTS OF DYNAMIC TESTS ON SPECIMENS OF S.A.E. 1020 COLD-ROLLED STEEL. 


|e" la le |e° |e |e la |e la se 
Static Tests 50 ft. per sec. 75 ft. per sec 100 ft. per sec 
1.... 17.30 0.169 | 98 | 89 500 |24.4 |0.238 | 142 | 110 000 |22.80 |o.222 | 117 | 110 000 |30.0 |0.299 | 160 | 102 000 
2... |10.40 0.204 | 114 | 92000 |17.7 {0.337 | 206 | 113 000 {15.20 |0.297 | 153 | 107 000 |17.6 |0.344 | 193 | 105 000 
3....| 7.60 |0.222 | 121 | 88 S00 0.390 | 221 | 99000 |16.50 |0.484 | 395 | 121 000 |14.3 |0.419 122 000 
15.4 |0.450 | 280 | 112.000 
6.56 0.256 | 145 | 88.000 | 9.3 [0.363 | 218 | 106 000 |12.40 |0.483 | 302 | 109 000 |14.3 0.557 | 340 | 110 000 
5 5.45 |0.266 | 159 | 90.900 |10.3 |0.504 | 327 | 110 000 |10.30 |0.504 | 327 | 110 000 |12.5 |0.611 | 376 | 109 000 
5.20 |0.305 | 181 | 90 000 9.0 10.525 | 430 | 118 000 |10.50 0.613 | 410 | 110 000 |11.4 |0.660 120 000 
0. 
7 4.23 |0.288 | 170 | 88 500 |10.3 (0.705 | 475 | 111000 |10.80 |0.740| ... | ...... 
5.15 (0.352 | 213 | 88 $00 
- 4.80 |0.374 | 220 | 88 000 


22.4 |0.224 
15.7 |0.306 
11.3 (0.332 


4....|12.4 |0.486 | 364 | 112000 10.0 /0.388 | 261 | 109 000/ 6.8 (0 177 | 109 000 | 5.4 |0. 

S....|10.5 |0.514 | 320 | 108 000 | 8.3 |0.404 120 000 | 6.8 {0.335 | 221 | 112000 | 5.9 

6....| 9.3 ]0.546 104.000 | 7.4 |0.435 | 292 | 105000 | 5.7 /0.336 | 218 | 106.000 | 4.8 
| } 

7....| 8.4 [0.571 | 440 | 115000 6.7 [0.461 108 000 | 4.6 /0.318 | 218 | 103000 4.0 {0. 

8....| 7.5 [0.586 | 435 | 112000 4.8 (0.372 | 274 | 104.000 | 4.3 [0.336 | 228 | 103000 | 3.02/0. 

10....| 5.5 |0.539 | 350 | 101 000 | 5.3 0.518 | 199 | 103000 | 3.2 0.313 | 194 | 105 000 a i 


Ss | 
{ 
de- 
of 
re- 
er- 
ted 
m- 4 
75, | 
a 
ese 
1as 
lat 
an 
ies | 6.9 |0.695 | 322 | 112 000 | 7 
it 10....| 3.54 [0.345 | 217 | 89 500 | 7.3 = | 420 | 106 000 | 8.10 - | 465 - 9.2 = | 568 | 108 000 
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Strain, per cent 


Fic. 3.—Static Stress-Strain Curves for Cold-Rolled Steel (all specimens are 0.15 in. 
in diameter). 


TABLE III.—RESULTS OF STATIC TESTS OF COLD-ROLLED STEEL, 
Specimens 0.15 in. in diameter 


Ultimate 


Ratio, L/D Strength, 
psi. 


Elongation, 
per cent 


Reduction 
of Area, 
per cent 


SESssess 


SESSRELE 
SESSESES 


ticular instance in which specimens 
0.300 in. in diameter were utilized, the 
gage length of the specimen must be at 
least 4 in. in order to afford a definite 
determination of the critical velocity. 

A further investigation has been made 
to determine whether or not geometri- 
cally-similar specimens tested at the 
same impact velocity exhibit identical 
dynamic tensile properties. For this 
purpose specimens were manufactured 
from a cold-rolled steel of the following 
composition: 


tests are presented 


per 

Manganese, per cent 

Phosphorus, per cent 

Sulfur, per cent. ............. 

Silicon, per cent 
All specimens were machined to a gage 
diameter of 0.15 in. Gage lengths of 1, 
2, 3, and 4 in. were taken giving a ratio 
of length to diameter of 6.7, 13.3, 20.0, 
and 26.6. 

The static stress-strain curves for the 
four gage lengths are presented in Fig. 3. 
The results of the static and dynamic 
in Tables III and 


Gage er Unit Critical kwell 
othe 
— 
| 
| 
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TABLE IV.—RESULTS OF DYNAMIC TESTS OF 
COLD-ROLLED STEEL. 


‘Ultimate Unit 
city Strength, Vol- 
ft. per, PS! ft-lb. 
sec. | per cu. 
| in. 
1-1n. Gace Lenortu, 0.150-1N. 


ssesesseess 


2 
. 3 
4 
. 10 

6 
» 


3-1n. Gace LENGTH, 0. 


w 


24.7 | 106 200 
50.5 | 97000) 
107 000 | 


99. 
No. 7/101.0 | 
No. 14/125.0 | 104 000 
No. 10)150.0 | 100 000 
No. 11/151.0 | 100 000 
No. 12,176.0 | 99 000 
No. 13/204.0 | 101 000 


| 


OS 

eeesseress 
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4+IN. 0.150-1N. 


Cr 


Avg. 


IV, respectively. The curves of percen- 
tage elongation versus impact velocity 
are presented in Fig. 4. The location of 
the maximum in the curve for the 1-in. 


termine. However, a distinct maximum 
is observed for the 2 and 3-in. specimens 
and the critical velocity is found to be 
at about 100 ft. per sec. It is apparent 
from these results that in order to secure — 
an adequate indication of critical veloc- — 
ity, the ratio of length to diameter must 
be of the order of 13 or greater. 

20 


Elongation, per cent 


Ns 
| 
in. Gage Length 
in. Gage Length 
4in. Gage Length 
| 
Oo 50 100 150 
Impact Velocity, ft per sec 
Fic. 4.—Percentage Elongation versus Impact 
Velocity for Cold-Rolled Steel (all specimens 
are 0.15 in. in diameter. Symbols indicate 
different gage lengths). 
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The requirement that tensile impact 
specimens must have a ratio of length 
to diameter which is greater than a cer- 
tain minimum value if the critical veloc- 
ity is to be clearly defined may be ex- 
plained by a qualitative argument based 
upon the theory of the propagation of 
plastic strain waves. The theory pre- 
dicts that at impact velocities above the 
critical velocity the specimen should fail 
at the moving end with zero elongation. 
However, the theory does not take the 
necking phenomenon into account. Ex- 
perimentally, it is found that necking 
always occurs. Thus at super critical 
velocities a neck is formed at the moving 
end of the specimen, but the remainder 
of the gage length experiences very little 
strain in accordance with the theory. To 


in. Gage Length 


educ- 
Ss ion of | Rockwell 
Area, | Hardness, 
per B Scale 
cent 
No. 3} 26.0 | 108000} 1450 | 17.0] 52 
No. 7| 49.8 | 114000! 1230 | 15.8] 50 
No. 5| 49.8 | 106000] 1530 | 18.6] 59 
No. 6] 75.0 | 95000| 1080 | 17.5] 58 
No. 13/101.0 | 111 000| 1190 | 15.3] 68 
No. 4/101.0 | 102 000| 1130 | 15.7] 58 / 
No. 8/126.0 | 104000} 805 | 13.1| 60 ° ™ ~ i 
No. 9/150.0 | 104000] 737 | 9.7| 52 1S 7 
No. 14/150.8 | 109000} 856 | 12.6] 62 
No. 10/176.0 | 115000] 907 | 11.9| 51 
No. 11|176.0 | 110000} 840 | 12.1] 60 / | \ 
No. 12|201.0 | 112000| 907 | 12.5] 61 / | 
| 91.8 Avg. 
2-1n. Gace Lenora, 0.150-1N. DIAMETER > 
N .0 | 107000; .... | 9.0] 58 93.8 
N | 123 000| 1001 | 10.6] 61 92.6 
N | 112 1160 | 12.7] 61 92.8 
N .0 | 110000 1360 | 13.2| 59 92.9 
N 5.0 | 125000) 1000 | 9.3| 61 94.2 
N 0} 115000! 712 | 7.1| 60 93.0 5 
N 181.0 | 110000} 613 | 61 93.8 
N 119000| 575 | 6.8| 61 92.5 
| 93.2 Avg. 
1 50-1N. Diameter 
N 
N 
| 
No. 3 2: 6 
No. 4) 50.2 113 000| 6/ 5 
No. 5| 75.3 | 113000) 8 
No. 6100.0 | 119000} 7¢ 1 
No. 8/125.0 | 112000| 5 3 
No. 7/126.0 | ...... 7 
No. 9/150.0 | 124000| 5: 0 
) No. 10]178.0 | 117000| 4! 
No. 11/202.0 | 115000] 4 1 
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TABLE V.—RESULTS OF STATIC TESTS OF GEOMETRICALLY SIMILAR SPECIMENS. 


Energy Reduc Theo- - 
Tensile | Ptopor- Unit} Elon- tion of retical | mental 
Metal Spec- Strength tional olume, | gation Critical | Critical | Rockwell 
ize, in. | imen Limit, | ft-lb. per |\Velocity,|Velocity,| Hardness 
em pe psi. | percu.| cent | Per | ft. per | ft. per 
in. sec. sec. 
Annealed Copper, 7 by 0.35 |No. 2) 29.000 4 000 820 41.4 71 74.8 F 
Lot I, & in. 7 by 0.35 |No. 3} 29500 4060 845 42.4 70 73.0 F 
2 by 0.10 |No.11} 29000 4 000 670 32.8 68 31.5 F 
2 by 0.10 |No.12) 29200 4 000 600 31.5 69 31.3 F 
Annealed Copper, | 16 by 0.6 (No. 1} 28 400 4000 756 38.0 69 38.0 F 
Lot II, 1 in. 16 by 0.6 |No. 2) 28200 4 000 768 39.6 70 40.0 F 
8 by 0.3 |No. 1} 29400 4000 756 37.6 75 65.6 F 
8 by 0.3 |No. 2} 29 300 4000 670 4.0 70 64.3 F 
4 by 0.15 |No. 1} 29700 4000 715 34.6 72 39.5 F 
4 by 0.15 |No. 2) 29 500 4 000 706 34.8 75 38.0 F 
Cold-Rolled Steel | 8 by 0.3 |No. 1) 85 500 65 000 361 5.4 66 95 100 94.4B 
8 by 0.3 |No. 2} 82500 64 000 442 6.6 66 92.8B 
4 by 0.15 |No. 1| 95500 70 000 256 3.5 63 87 80 95.0B 
4 by 0.15 |No. 2} 94500 71 500 253 3.4 64 91.1B 
Annealed Steel 8 by 0.3 [No. 9} 66800 40 800 1070 21.6 68 183 140 | 73.3 B 
8 by 0.3 |No.10) 67 000 40 400 1050 21.4 67 74.2B 
4 by 0.15 |No.10) 73000 43 000 747 14.1 58 182 150 72.3B 
4 by 0.15 \No. 11) 74 000 44 000 773 14.2 55 73.0B 


a first order of approximation the elon- 
gation in the neck is independent of 
impact velocity and is proportional to 
the specimen diameter, at least for im- 
pact velocities of the order of the critical 
velocity. Therefore, in order to observe 
the marked decrease in elongation in the 
unnecked portion of the specimen which 
characterizes super critical impact veloc- 
ities by measurements of total elonga- 
tion, the gage length of the specimen 


must be much longer than the length of 
the necked region. Since the length of 
the necked region is approximately pro- 
portional to the specimen diameter, it 
is clear that a ratio of length to diameter 
greater than some minimum value must 
be used if the critical velocity is to be 
clearly defined. 

The influence of size of the test section 
on the results of tension impact tests 
was studied by making static and dy- 


i 
5.—Specimens Used in Tests on Annealed Copper. 
4 
nix 
| 


- namic tension tests on samples of an- 
nealed copper, cold-rolled steel and 
annealed steel. These results are shown 
in Table V. These data indicate that the 
size of the test section does not influence 
the detection of the critical impact 
velocity. 


INFLUENCE OF SHAPE OF CROSS-SECTION 
OF SPECIMEN ON TENSILE 
Impact RESULTS 


Specimens having the cross-sectional 
shapes indicated in Fig. 5 were em- 
ployed for the study of the influence of 
the shape of the cross-section upon ten- 
sile impact test results. The cross-sec- 
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perature of the last anneal was deter- 
mined experimentally as that tempera- 
ture which would produce the grain size 
present in the other section shapes. 

Two static tension tests were made 
on each shape of specimen. Static stress- 
strain diagrams were determined for 
these specimens and their differences 
were not greater than the difference 
found between curves corresponding to 
two specimens of the same shape. The 
results of the static tests are presented 
in Table VI. 

The tensile impact tests were made at 
impact velocities ranging from 25 to 200 
ft. per sec. The results of these tests are 


TABLE VI.—RESULTS OF STATIC TESTS ON ANNEALED COPPER SPECIMENS. 


Tensile | Propor- | Energy per) Elonga- | Reduction | Rockwell 
Specimen Size, in. Specimen | Strength, tional Unit ol- tion, per | of Area, | Hardness, 
psi Limit, | ume, ft-lb. cent recent | F scal 
psi. per cu. in. pe 
0.3-in. diameter............ No. 29 30 000 5000 545 29.0 65 68.3 
0.3-in. diameter............ No. 30 29 800 5000 718 36.5 64 67.4 
OSS No. 11 30 000 5000 636 33.2 67 59.3 
ye Sy eae No. 12 29 600 5000 674 35.0 68 63.6 
0.186 by 0.378 in... No. 23 29 400 5000 672 37.0 71 60.7 
0.186 by 0.378 in............ No. 24 29 000 5000 590 32.0 67 62.7 
0.112 by 0.633 in............ No. 15 29 800 5000 730 37.4 ain 78.0 
0.112 by 0.633 in... No. 16 30 150 5000 740 38.0 77.6 


tional area of the specimens was main- 
tained at 0.071 sq. in. and the gage 
length was maintained at 8 in. The speci- 
mens were prepared from 3-in. round 
bars of hard-drawn copper. The round 
and square specimens and the specimens 
of section 0.376 by 0.188 in. were ma- 
chined from the hard-drawn bar, an- 
nealed at 900 F. for $ hr. and quenched 
in water. The rectangular specimens, 
0.630 by 0.112 in., were prepared in the 
following manner: (1) bar stock cut to 
length, annealed at 1200F. for 1 hr., 
and water quenched, (2) forged to a 
flat strip 1 by 1.8 in. in section, (3) an- 
nealed at 1200 F. for 1 hr. and water 
quenched, (4) rolled to 0.112-in. thick- 
ness, (5) specimens machined from the 
rolled strip, and (6) annealed at 850 F. 
for 4 hr. and water quenched. The tem- 


given in Table VII. The values of tensile 
strength, energy required for rupture, 
and percentage elongation under dy- 
namic conditions are higher than the 
static values, but the increase is prac- 
tically the same for all cross-sectional 
shapes. The difference between results 
is of the same order of magnitude as the 
scatter observed for a series of tests on 
any one of the cross-sectiona] shapes. 
While the critical velocity of this material 
is above 200 ft. per sec., it is to be ex- 
pected that the cross-sectional shape will 
not influence its value since the stress- 
strain diagrams are essentially the same. 
It can be concluded from this series of 
tests that within the range of dimensions 
considered the results of static or dy- 
namic tensile tests are independent of 
the shape of the cross-section. 
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ABLE VIL.—RESULTS OF DYNAMIC TESTS OF ANNEALED COPPER SPECIMENS OF DIFFERENT 
SECTION SHAPES. 


Specimen 


Energy per 
Ultimate Elongation 
Strength, Vol- i i 


Rockwell 
Hardness, 
F scale 


| Unit 
ume, ft-lb. 
per cu. in. 


Reduction 
in 8 in., f 
per cent 
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ss Rectangular 0.112 by 0.633 
in. 
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CONCLUSIONS 


From the test results presented in this 
paper it may be concluded that in mak- 
ing tensile impact tests it is necessary to 
utilize a ratio of length to diameter of 
specimen of approximately 13 to prop- 
erly establish the critical velocity. In re- 
viewing the work of previous investi- 
gators, it will be noted that in those 
cases the ratio of length to diameter was 
less than 13 and hence a critical velocity 
would not be clearly indicated. The shape 


influence the effect of velocity on the 
tensile properties of metal within the 


dimensions studied. 


The investigations presented in this 
paper were conducted at the California 
Institute of Technology under a con- 
tract with the National Defense Re- 
search Committee of the Office of Scien- 
tific Research and Development. The 
authors wish to acknowledge the par- 
ticipation of P. E. Duwez in these in- 
vestigations. 
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| 
| Impact 
we | ft. per sec. 
a Circular diameter 0.300 in. | No. 21 25.7 35 000 762 34 
; oe No 22 50.6 36 700 1030 42 
No. 23 75.1 38 900 1070 
No. 24 100.0 37 200 1100 
No. 25 125.5 35 400 1150 
No. 26 152.0 35 400 1080 49 
i? >> es No. 27 176.3 37 000 992 43. 
fi No. 28 202.0 38 000 744 37. 
| — 
| Mii Avg. 
oN Square 0.266 by 0.266 in. I 25.7 
50.4 
74.6 
74.6 
150. 
¢ No. 202.0 
| 
Rectangular 0.188 by 0.376 | No. 14 24.7 | 38000 | 1085 | 
No. 13 25.7 
i No. 15 49.5 38 400 1135 
| No. 16 74.5 40 000 1400 
No. 17 100.2 38 000 1190 
ca nil Pa No. 18 124.7 38 500 1245 
No. 19 150.3 37 400 1270 
No. 20 173.5 37 600 1380 
No. 21 199.0 
oo. ‘ No. 22 201.0 38 000 1230 
7 No. 5 25.4 41 200 1030 
7 No. 6 25.4 40 000 985 
0. 1 000 10 
No. 9 101:2 | 40 000 910 
No. 10 125.7 38 500 1070 
No. 11 150.5 39 200 900 
q | 
| 
scat 
: 
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Mr. R. L. TEmpitn'.—I should like 
to ask the authors of this well-presented 
and prepared paper if they have ex- 
tended their studies to include tempera- 
tures other than normal to see if there 
is any question about a critical velocity 
at higher or lower temperatures. I 
think that is a very interesting point in 


1 Assistant Director of Research and Chief Engineer 
of Tests, Research Laboratories, Aluminum Company 
of America, New Kensington, Pa. 


view of the discussions these days on 
impact testing. 

Mr. D. S. CLarRK (author).—We 
have made some tests at temperatures 
as low as approximately —75 F. In 
these tests a critical velocity was ob- 
served. The results have not been pub- 
lished. 

We observed some other peculiar 
things which may be related to our 
rapid-load studies about which I think 
we will have something to say later. 
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SOME EFFECTS OF AUSTENITIC GRAIN SIZE AND METALLURGICAL 
STRUCTURE ON THE MECHANICAL PROPERTIES OF STEEL* 


By G. M. anp T. J. Dotan! 


SYNOPSIS 
os Studies were made of S.A.E. 1045, 2340, and 3140 steels to determine the 


austenitic grain size (from A.S.T.M. No. 10 to No. 3). Each of these steels 
was heat-treated to produce two general types of microstructure, but all were 
tempered to a hardness of approximately 100 Rockwell B. It was desired to 
investigate the influence of austenitic grain size on both the pearlitic and 
tempered martensitic types of microstructure at the same hardness level; — 
hence, the final hardness was determined primarily by that attainable in the 
pearlitic steel groups. : 

For those cases in which the microstructure consisted mainly of on a 
martensite, it was found in general that (a) an increase in the prior austenitic 
grain size slightly decreased the percentage elongation obtained in static 
tension tests but did not appreciably affect the yield, tensile, or fatigue 
strength values for the steel and (6) in the transition temperature range, the 
energy absorbed by V-notch Charpy impact specimens was somewhat greater 
for the coarse-grained steels; this was felt to be due to incomplete hardening 
of the same steels when in the fine-grained condition. Heat treatments which 
produced small amounts of pro-eutectoid ferrite in a matrix of tempered mar- 
tensite resulted in a steel having mechanical properties which were inferior to 
those of the same steel more completely hardened (no pro-eutectoid ferrite). 

For those cases in which the microstructure was essentially pearlitic, a large 
increase in the prior austenitic grain size greatly reduced the ductility as 
measured by percentage elongation and also decreased the energy absorbed in 
the V-notch Charpy impact test over all ranges of temperature investigated. 
The yield ratio was increased and the damage produced by a notch in a fa- 
tigue test was decreased when the austenitic grain size was coarsened for the 
pearlitic steels. 


The literature of metallurgy has, for a 
number of years indicated the apparent 
desirability of maintaining a fine austen- 
itic grain size in our steel microstructures 
for the purpose of developing greater 
toughness and strength. The majority of 
these data have been based upon studies 
of pearlitic steels, and “toughness” 
usually has been evaluated by means of 


* Presented at ie Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

1 Research Associate and Research Professor, respec- 
tively, Department of Theoretical and Applied Mechanics, 
University of Illinois, Urbana, Ill 


the single-blow, notched-bar impact test 
conducted at room temperature. As is 
now known, interpretation of the results 
of the impact test is difficult at best in 
so far as the design of machine parts is 
concerned, and impact values obtained 
for a single temperature must be con- 
sidered qualitative only. 

Recently, a number of investigators 
(1,2,4,18,19)? have presented data 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 615 
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indicating that the mechanical proper- 
ties of steels having a tempered mar- 
tensitic type of structure are superior 
to those of a steel having carbides dis- 
tributed in the form of plates. In general, 
this has been found to be true for steels 
having carbon contents below 0.50 per 
cent and having hardness levels below 
50 Rockwell C. There is some evidence 
(23, 24, 25, 43) that at higher carbon and 
hardness levels, the formation of high 
residual stresses or microscopic cracks 
on quenching may become a controlling 
factor in determining the properties of 
the steel. Accordingly, under these con- 
ditions, the fatigue strength of a steel 
having a microstructure of tempered 
martensite (severe initial quench) may 
be appreciably lower than the fatigue 
strength of the same steel having a 
supposedly less desirable structure of 
tempered bainite. If however, the tem- 
pered martensite is produced by a mar- 
tempering and tempering operation 
(smaller quenching and transformational 
stresses) its fatigue strength may again 
become superior to that of bainite (43). 

The ease with which this desirable 
martensitic structure can be obtained 
throughout a steel part is a function of 
the hardenability of the steel, which, in 
turn, is primarily determined by the 
prior austenitic grain size and the alloy 
content. It would be economical to in- 
crease the hardenability of a steel by 
using a large austenitic grain size, but 
unfortunately the tendency to form 
quench cracks or to become embrittled 
by grain boundary precipitates also in- 
creases with grain size (3). In view of 
these opposing effects of grain size on 
the properties of a quenched-and-tem- 
pered steel part, it is conceivable that the 
most economical use of a given steel 
may not always be obtained by adhering 
to the finest grain size. 

In ordinary commercial practice, fine- 
grained quenched-steel parts which have 


a structure of 100 per cent martensite 
before tempering are rare. If these same 
steel parts can be hardened throughout 
by the use of a larger austenitic grain 
size, it may be possible to improve some 
strength characteristics of the part at 
little cost. Again, there may be occa- 
sions in industrial practice where the 
formation of a coarse austenitic grain 
size cannot be avoided and it would be 
desirable to know the extent to which 
this condition may influence the me- 
chanical properties. In the present paper, 
data are presented which seem to indi- 
cate that under certain conditions no 
appreciable loss in strength resulted 
when the austenitic grain size was in- 
creased, 

A brief survey dealing with the results 
of several investigations, which were 
made to study the effects of prior aus- 
tenitic grain size and metallurgical 
structure on the mechanical properties 
of steel, has been included in the Ap- 
pendix to this paper. It was felt that 
these investigations showed a lack of 
agreement on several important points 
and that they would be of interest for 
comparison with the results obtained 
during the present study. 


OBJECT AND SCOPE OF THE INVESTIGA- 
TION 


To help clarify some of the apparently 
contradictory results found in previous 
work, an investigation was made to study 
changes in the mechanical properties of 
several steels accompanying a large in- 
crease in the austenitic grain size. For 
this purpose three commonly used steels, 
S.A.E. 1045, 2340 and 3140 were se- 
lected and given heat treatments de- 
signed to produce two general types of 
microstructure. The first of these micro- 
structures consisted mainly of tempered 
martensite while the second was largely 
pearlite and ferrite. The austenite grain 
size of the steels tested varied between 
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a maximum of A.S.T.M. No. 3 for the 
coarsest condition to a minimum of 
A.S.T.M. No. 10 in the fine condition.* 
All steels were tempered to approx- 
imately the same hardness (100 Rock- 
well B) before being tested. 

The mechanical properties investi- 
gated were those measured by means of 
the ordinary tension test, the rotating- 
beam fatigue test and the Charpy 
notched-beam impact test. The fatigue 
studies included the determination of 
S-N diagrams for both notched and un- 
notched specimens and the calculation 
of fatigue “notch sensitivity” (6) from 
these data. V-notch Charpy impact 
values were determined for the various 
steels and microstructures over a range 
of temperatures, including the range of 


TABLE I.—CHEMICAL ANALYSES OF STEELS 
TESTED. 


Analyses, per cent 


Si | Ni 


0.032/0.20 
0.02110.21| ... |... 
'0.030'0.178) 1.33 |0. 
(0.020)0.28 | 3.48 


* Used for series 9, 10 and 16. 
© Used for series 1 and 2. 
4 » 


“transition” from a ductile to a brittle 
type of fracture. Impact-temperature 
curves plotted from the test data were 
compared on the basis of microstructure 
and grain size in a separate graph for 
each steel. 

As a related problem, the mechanical 
properties of a “mixed” microstructure 
of tempered martensite with small 
amounts of pro-eutectoid ferrite at the 
grain boundaries were also determined. 
These tests were limited to the S.A.E. 
1045 and 2340 steels and only a coarse 
(A.S.T.M. No. 3 to 4) austenite grain 
size was investigated. The term “grain 
size” as used in this paper, unless other- 


‘Standard Classification of Austenite Grain Sizes in 
Steels, 1949 Book of A.S.T.M. Standards, Part 1, p. 1271. 


wise indicated, is intended to refer to the 
prior austenitic grain size. 


PREPARATION OF SPECIMENS AND 
METHOD OF TESTING 


Heat Treatments of Specimens: 


The steels were obtained as hot-rolled 
round bars in. in diameter and had 
the chemical compositions listed 
Table I. The S.A.E. 3140 and 2340 steels © 
were taken from the same heats as those 
used in the preceding investigation by 
T. J. Dolan and C. S. Yen (1); however, 
the plain carbon steels were from differ- 
ent heats and varied slightly in chemical 
composition as indicated in Table I. 

The bars were cut into segments 93 in. 
long, and turned to §-in. diameter 
preparatory to heat treatment. Those 
segments of S.A.E. 1045 and 3140 which 
were to be made into fatigue specimens 
were further reduced to 3-in. diameter 
so that approximately the same cooling 
rates would be obtained in the center of 
these specimens as were used by Dolan 
and Yen (1). . 

Details of the various heat treatments 
used in this investigation and of the 
metallurgical structures which resulted 
are presented in Tables II and III, and 
in Figs. 18(a) through 23(6) respectively. 
Each heat treatment for a particular 
steel was assigned a series number.‘ The 
odd-numbered groups (series 1, 3, 5, 
9, 11, and 13) were considered to be 
rapidly quenched; while the even num- 
bered groups (series 2, 4, 6T, 10, 12, 
and 14) were relatively slowly cooled. 

The austenitizing procedures used for 
most series were very similar. The cold 
stock was placed in an electric furnace 
kept at the austenitizing temperature 
and was then held for the time indicated 


4 For convenience in comparing the results, it should be 
remembered that the test series designated by small num- 
bers (1 to 8) were fine-grained, whereas those designated 
by large numbers (9 to 16) were large grained. 
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in Table II. For most series, no pro- 
tective atmosphere was used, and the 
segments were quenched directly from 
the austenitizing temperature. Temper- 
ing was delayed until 2 to 3 hr. after 
quenching. The S.A.E. 3140 steel used 
for series 13 and 14 was packed in a 
charcoal-filled box and held at 1970 F. 
for 4 hr. These segments were also 
quenched directly from the austenitiz- 
ing temperature. 

The slight amount of surface decar- 
burization which occurred during the 
above treatments was readily removed 
during machining of the specimens and 
was considered negligible in the test 
results. 

Series 15 and 16, S.A.E. 2340 and 1045 
steels, respectively, were given special 
heat treatments designed to produce a 
“mixed” structure consisting mainly of 
martensite with small percentages of 
high-temperature transformation prod- 
ucts at the grain boundaries. The heat 
treatment for series 15 (S.A.E. 2340) con- 
sisted of austenitizing as for series 11 
and 12 and then quenching in a nitrate 
salt bath at 1100 + 5 F. The specimens 
were held in the salt bath for 30 min. 
and then water quenched to transform 
the remaining austenite. The tempera- 
ture of the bath was constantly checked 
by means of a thermocouple. Specimens 
were quenched in the salt in small 
batches of three or four at a time to 
prevent overheating of the bath. 

Series 16 (S.A.E. 1045) was austeni- 
tized in the same manner as series 9 
and 10 and was then quenched in the 
nitrate salt bath for 100 sec. at 1200 F. 
Specimens were water quenched imme- 
diately after being removed from the 
salt bath. 

Hollomon and Jaffe’s temperability 
curves (39) were used in exploratory 
tests, and from these a tempering pro- 
cedure was determined for each series 


— 


SiIncLam AND 


so as to give a final hardness of approx- 
imately 100 Rockwell B. 


Machining and Mechanical Testing of 
Specimens: 


The dimensions of the specimens ma- 
chined from each group or heat-treated 
series of specimens are shown in Fig. 1. 
Each 9§-in. segment could be machined 
into three fatigue specimens, four im- 
pact specimens, or one tension and two 


(a) Static tension 


ofr 
fo3is" 


2" 


(c) Unnotched fatigue 
0300" D 


(d) Notched fatigue 
Fic. 1.—Details of Test Specimens. 


impact specimens. Very light cuts were 
used in all cases during the final machin- 
ing operations to reduce the amount of 
disturbed surface metal. 

The tension specimens (Fig. 1(a)) 
were given a final polish with No. 1 grit 
emery paper, and the diameter at the 
mid-section was reduced gradually to 
0.004 in. less than the rest of the speci- 
men to aid in obtaining a fracture near 
the center of the gage length. It should 
be noted that the 2 in. 


od 
0375" 
" 
% 


was about 6 diameters in these speci- 
mens instead of the more commonly 
used L = 4D. Three tension specimens 
were machined from each heat-treated 
series and were tested in an Amsler 
Universal Testing Machine. The yield 
strength and tensile strength were de- 
termined from the complete stress-strain 
diagrams. 

The unnotched fatigue specimens (Fig. 
1(c)) were given a standard polish using 
three successively finer grades of emery 
paper. The scratches left by each polish- 
ing operation were made to cross the 
scratches left by the previous operation. 
The final finish was with 00 emery 
paper and oil with the direction of 
scratches being parallel to the longitu- 
dinal axis of the specimen. The mini- 
mum diameter of these specimens was 
measured to the nearest 0.0001 in. by 
means of a Pratt & Whitney ‘“Super- 
micrometer.” 

The notch of the “notched” flexual 
fatigue specimens (Fig. 1(d)) was ma- 
chined using a carefully honed tool. 
The accuracy of contour of this tool was 
checked against a template at a magnifi- 
cation of 50 by micro-projection. No 
attempt was made to polish the root of 
the notch in the specimen, but it was 
examined at 50X for accuracy of con- 
tour and to insure against deep scratches 
and tears. 

The fatigue tests were performed at a 
speed of 7000 to 8000 rpm. on Krouse 
fatigue machines of the rotating can- 
tilever-beam type. All stresses were com- 
puted by means of the ordinary Sexure 
formula: 


aya maximum fiber stress, 

the moment applied, ' 

the distance from the outer fiber 
to the neutral axis, and 


On GRAIN SIZE AND METALLURGICAL STRUCTURE OF STEEL 


593 


I = the moment of inertia of the criti- — 
cal section. 


The stresses for the notched specimens _ 


were computed on the basis of the mini- 
mum cross-sectional area without regard 


to the stress concentration caused by — 


the notch. 

V-notch Charpy impact specimens 
were machined to the dimensions in 
Fig. 1(b); the notch was cut by milling 
with a special formed cutter. The speci- 
mens of each heat-treated series were 
heated or cooled in liquid baths to the 
desired temperature and then broken in 
a standard impact machine of 223 ft. Ib. 
capacity. A mixture of dry ice and petro- 
leum ether was used to cool specimens in 
the range from room temperature to 
—100 F. For temperatures ranging from 
—100 F. to —200F. the petroleum 
ether bath was set in a second container 
which had been packed with asbestos 
fiber, and small amounts of liquid air 
were poured in on the asbestos layer.® A 
small oil bath was used to heat those 
specimens which were tested above room 
temperature. Each specimen was held 
at the bath temperature for a minimum 
of 10 min. before being broken. It was 
assumed that the change in temperature 
of the specimen, during transfer from 
the bath to the testing machine, would 
be negligible. 


Determination of Austenitic Grain Size: 


Photomicrographs which show the 
prior austenitic grain size of the steels 
resulting from the various austenitizing 
treatments used in this study are pre- 


_ sented in Figs. 15, 16, and 17. It should 


be noted here that none of the micro- 
structures shown in these illustrations 
were from specimens tested mechani- 


cally and that the photographs are in- 
tended merely to give an indication of 
the size of austenite grain produced in 


5 Precautions were taken to insure that no ether or 
other oxidizable material would come in contact with the 
— air (which results in a dangerous explosive mixture). 
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each given steel by the austenitizing 
treatment used for the test specimens. 

Since all of the steels were of hypo- 
eutectoid composition, the /arge austen- 
ite grain sizes were outlined by means of 
precipitated ferrite resulting from a 
treatment involving slow cooling. The 
plain carbon steel (S.A.E. 1045 in Fig. 
15(a)) was cooled in air from the austeni- 
tizing temperature and the two alloy 
steels (Figs. 16(c) and 17(a)) were 
furnace cooled. Grain sizes produced by 
the low austenitizing temperatures used 
by Dolan and Yen (1) were so fine that 
the ordinary methods of delineating 
grain boundaries (controlled cooling, 
gradient quench, martensitic etch, etc.) 
were unsatisfactory for photographic re- 
production. 

Photographs of the fine-grained steels 
(Figs. 15(b), 16(6), and 17(b)) appearing 
in this report were obtained from samples 
prepared by a special technique devel- 
oped by E. J. Eckel and S. Paprocki 
(44). Briefly, the method consisted of 
polishing the surfaces of two samples 
of the steel to be checked for grain size; 
these surfaces were coated with tin and 
then placed in contact with one another 
to exclude oxygen. The steel samples 
were then austenitized at the time and 
temperature of interest.‘ Shortly before 
the austenitizing time had elapsed, a piece 
of tinned copper was placed in the 
furnace and heated to the steel tem- 
perature. The tinned surfaces of the steel 
specimens were then separated and im- 
mediately placed in contact with the 
prepared surface of the copper plate. 
Approximately } hr. was allowed for 
the molten bronze (produced by the 
solution of copper in the molten tin) to 
penetrate the austenite grain boundaries 
of the steel samples which were then 
water quenched. The prepared surface 
was given a light metallographic polish 
(just through the bronze layer) and 
etched with 4 per cent picral solution; 
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the martensite appeared light while the 
grain boundaries were outlined in the 
darker etching bronze. The size of the 
austenite grains delineated in this man- 
ner was checked visually against that 
obtained by the gradient quench and 
martensitic etch methods and appeared 
to be the same. 

In Tables II and III are listed the 
A.S.T.M. grain sizes corresponding to 
the various heat treatments used in this 
investigation. These values were deter- 
mined according to the A.S.T.M. pro- 
cedure previously noted and were 
checked by photographing three or four 
representative areas of the specimen at 
100X, and making a count of the 
number of grains contained in a 4 by 4 
in. square ruled on each photograph; 
one-half of the number of grains which 
were intersected by the boundary line 
were included in the total count. From 
these data the average number of grains 
per square inch at 100X was found and 
the grain size was calculated from the 
formula: 

average number of grains per 
square inch at a magnification 


of 100X = 251 ‘ 
where N is the grain size number. he 
Microstructure of Heat-Treated Steels: 
Metallographic examinations of the 
various microstructures were made on 
disks cut transversely from the mid- 
length of the specimen blanks. Photo- 
micrographs of the metallurgical struc- 
tures of series 9 through 14 are shown 
both before and after tempering in Figs. 
18 through 23. In Figs. 24 and 25 are 
shown the “mixed” structures of tem- 
pered martensite and ferrite obtained by 
series 15 and 16 heat treatments, re- 
spectively. The two photomicrographs 
presented in Fig. 26 were taken on a 
longitudinal section of an unnotched 
fatigue specimen of series 16 which was 
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stopped before it had failed completely. 
The path of the fatigue crack through the 
mixed structure of tempered martensite numerical data given in Tables II and 
and ferrite is clearly defined. III. It was felt, however, that a more 


complete representation of the changes 
RESULTS AND DISCUSSION in impact behavior of the steels was 


shown in the impact-temperature curves 


be compared more readily from this 
chart than from consideration of the 


A majority of the test results have 
been summarized graphically in Fig. 14. 
Those series shown in the upper portion 
of Fig. 14 (above the heavy black line) 


120 000 


presented in Figs. 11, 12, and 13 than 
that indicated by the values of energy 
absorption at two arbitrary temperatures 
as shown in Fig. 14. 


100 000 


ime 


80000 


= 


60 000 


40 000 


@ond © Water-quench Ti 
1150 F. (Series 9) 


aond 4 Oil-quench Temper 


20 000 1050 F. (Series 10) 


1I5OF. (Series 16) 


¥ond Mortensite + Ferrite Temper 


@ond © Woter-quench Temper _| 
1210 F (Series 1) 


aond A Oil-quench Temper 


Vd 1050 F (Series 2) 


Strain, in. per in. 
(a) A.S.T.M. Grain Size No. 3. 


. Fic. 2.—Tensile Stress-Strain Curves S.A.E. 1045 Steel. 
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had microstructures of the tempered 
martensitic type, while those series be- 
low this line had structures consisting 
mainly of ferrite and pearlite. The bar 
graphs for the fine-grained series of each 
steel were filled in by crosshatching to 
simplify comparison with the graphs of 
the coarse-grained series which were left 
open. Results for the two special series, 
Nos. 15 and 16, were included in the 
“tempered martensitic” microstructure 
section. A majority of the effects of a 
large change in grain size on the static 
tensile and fatigue characteristics of the 
various steels and microstructures may 
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Because of the variety of experiments 
involved in this study, the discussion of 
results has been subdivided in accordance 
with the type of test. Sub-sections on 
static tension, fatigue and impact tests 
are presented in that order. Although all 
steels were tempered to approximately 
the same hardness before testing, the 
tensile strengths varied somewhat from 
one heat-treated group to another. In 
view of this, the various steels were also 
compared on the basis of their ratios of 
endurance limit and yield strength to 
tensile strength, as well as on‘ the basis 
of equal hardness. 
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Static Tensile Characteristics: 4(6). For each steel, the left-hand dia- 
For Approximately the Same Hardness. gram shows typical curves obtaine 


—Representative samples of the ordi- when the austenitic grain size was large, — 
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nary stress-strain curves obtained from _ while the right-hand diagram shows the 
the various heat treatments of each curves that resulted when the grain size 
steel are shown in Figs. 2(a) through was small. The lower portions of each 
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curve have also been replotted to an (as measured by percentage elongation 
enlarged strain scale on the same diagram and reduction of area) decreased as the 
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to emphasize characteristic differences austenitic grain size became larger. This 
in strain behavior at the lower stresses. effect was pronounced when the micro- 

In general it was noted from a study _ structure was pearlitic, and was observed 
of Fig. 14 that the ductility of a steel to a lesser extent when the microstruc- 


The influence of a coarse austenitic grain the elongation value from 23.7 to 23.0 
size on the ductility of the S.A.E. 2340 per cent for a tempered martensitic type 
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ture was of a tempered martensitic type. same change in grain size only lowered 
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steel was striking in that a coarsening of _ structure. Similar trends were shown by 
the grain size from A.S.T.M. No. 10 to the other steels. In general these obser- 
No. 4 lowered the average elongation vations were in agreement with the data 
from a value of 23.3 per cent to12.5 per of Delbart and Potazkim (5), J. H. . 
cent when the structure was pearlitic; the Hollomon (2), and R. E. Lorentz (9). 
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Tension specimens of S.A.E. 2340 and shape of the ordinary stress-strain 
1045 steels which were heat treated soas curves. The change in shape of the 
to produce mixed microstructures of fer- ‘‘plastic’”’ portion of the curves was most 
rite in a matrix of tempered martensite noticeable for the pearlitic steels which 
(series 15 and 16) were found to have showed the greatest loss in ductility in 
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Fic. 11.—Effect of Temperature on Energy Absorbed in the Charpy Test (S.A.E. 1045 Steel). 


qd & Temp. (Series 5) 

Air Cool & Temp (Series 6T) 

80 Ol qd & Temp (Series |!) 
a Air Cool & Temp (Series “4 
i __| Martensite + Ferrite (Series '5) 
ASTM Grain Size 10 
ASTM Grain Size 4 § Av 
> 
G4 A 
a7 
E40 

a 
5 20 
4 lor -40 -20 O 20 40 60 80 100 120 140 160 _180 200 220 240 
Temperature, deg Fohr for Series 6T and !2 


-240 -220 -200-180 -140 -I20 -I00 -80 -60 -40 -20 20 40 60 80 100 
Temperature, deg. Fohr for Series 5, Il, and |5 


Fic. 12.—Effect of Temperature on Energy Absorbed in the Charpy Test (S.A.E. 2340 Steel). 


_ less ductility than comparable specimens the coarse-grained condition. For ex- 
of the same steels without grain bound- ample, this may be illustrated by the 
_ary ferrite (series 11 and 9). typical curves shown for the air-cooled 
As may be surmised from the trend in S.A.E. 2340 steel (series 12 and 6T) in 
elongation values shown by the steels, Figs. 3(a@) and 3(6), respectively. Al- 
a large change in grain size altered the though the tensile and yield strengths 
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1in of these two series did not differ appre- martensite (series 15 and 16 in Figs. 3(a) 
he ciably, the strain at maximum load for and 2(a), respectively) showed a stress- 
ost the coarse-grained steel (series 12) was strain behavior similar to that of the 
ich something less than 0.08 in. per in., more completely martensitic series. It 
in whereas that for the fine-grained steel should be noted, however, that series 16 
(series 6T) was approximately 0.12 in. began to deviate from the “‘elastic’’ por- 
per in. By a similar comparison of the _ tion of the curve at lower stresses (lower 
' stress-strain curves for the other pearlitic proportional limit) than the other two 
| series, it was observed that an increase _ series shown in Fig. 2(a). It was felt that 
in the prior austenite grain size was’ this behavior at low stress was due to 
: accompanied by an increase in the appar- _ slight yielding of the ferrite network in 
130 
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Fic. 13.—Effect of Temperature on Energy Absorbed in the Charpy Test (S.A.E. 3140 Steel). 
ent rate of strain hardening of the steel. the microstructure of series 16 (shown 
Stress-strain curves for the steels having _ in Fig. 25). 

a tempered martensitic type of structure When the various steels were com- 
exhibited similar tendencies but to a pared on the basis of equal hardness, no 
limited extent. In general, specimens of consistent differences in the effects of 
. the fine-grained series were able to dis- grain size on yield strength or tensile 
tribute the strains more uniformly over strength were apparent. 
ex- the entire gage length and achieved The Effect of Grain Size on the Ratio of 
the greater elongation before local necking Yield Strength to Tensile Strength.—It 
led began. was felt that a more equitable compari- 
| In The “plastic” portion of the curves son of the influence of grain size on the 
Al- for the two steels that had a mixed mi- strength characteristics could be made 
ths crostructure of ferrite and tempered on the basis of the dimensionless ratio 
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(a) Heated 1 hr. at 1800 F. (austenitizing treatment of 
series 9,10, and 16) and cooled in air. Former austenite 


grains delineated by Ferrite. A.S.T.M. Grain Size No. 3. 


(b) Heated 1 hr. at 1520 F. (austenitizing treatment of 
Etched in 2 per cent Nital. 


series 1 and 2) Eckel-Paprocki bronze diffusion method used 
to outhne grains. A.S.T.M. Grain Size No. 6. Etched in 4 
per cent Picral. 
Fic. 15.—Determination of Austenitic Grain Size for S.A.E. 1045 Steels (100). 


< 
Heated 1 hr. at 1850 F. (austenitizing treatment of (0) Heated 1 hr. at 1450 F. (austenitizing treatment of 
11, 12, and 15) Former austenite grains delineated series 5, 6, and 6T) Eckel-Paprocki bronze diffusion 
by ferrite. A.S.T.M. Grain Size No. 4. Etched in 2 per method used to outline grains. A.S.T.M. Grain Size No. 
cent Nital. 10. Etched in 4 per cent Picral. 


Fic. 16.—Determination of Austenitic Grain Size for S.A.E. 2340 Steel (100). | 
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_ of yield strength to ultimate strength type were higher than the yield ratios of 
- © the yield ratio—see Fig. 14). In the same steels in the pearlitic condition, 


; a 2H 14hr. at! tenitizing treatment of (6) Heated 1 hr. at 1520 F. (austenitizing treatment of 
a 14, austenite grains series 3 and 4) Eckel-Paprocki bronze diffusion method 
_ delineated by ferrite. A.S.T.M. Grain Size No. 3. Etched used to outline grains. A.S.T.M. Grain Size No. 10 Etched 

in 2 per cent Nital. in 4 per cent Picral. 


Fic. 17.—Determination of Austenitic Grain Size for S.A.E. 3140 Steel (100). 


(a) (Untempered). Water quenched from 1800 F. Struc- (b) (Tested). Water quenched from 1800 F. and temp- 
ture eons pamaeiy of martensite with small amounts ered 1 hr. at 1150 F. Structure primarily tempered mar- 
of unresolved pearlite (primary troostite) at the grain tensite with traces of primary troostite. 


boundaries. 


Fic. 18.—Microstructure of Series 9 (S.A.E. 1045 Steel). Etched in 2 per cent Nital (500). 


= it was found that the yield irrespective of the prior austenitic grain 
| _ ratio of the series which had micro- _ size. 
structures of a tempered martensitic Among the series which had “tem- 
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mar- 
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pered martensitic” structures, the S.A-E. panied by a more pronounced decrease 
2340 and 3140 steels (oil-quenched) in yield ratio from 0.80 for series 1 
showed a very slight decrease in yield (A.S.T.M. grain size No. 6) to 0.70 for 


(a) (Untempered). Oil quenched from 1800 F. Structure (b) (Tested). Oil quenched from 1800 F. and tempered 1 
mainly fine pearlite with some small areas of martensite. hr. at 1050 F. Structure tempered pearlite with small 
Small amounts of pro-eutectoid ferrite appear at prior quantities of tempered martensite and pro-eutectoid 
austenite grain boundaries. ferrite. 


Fic. 19.—-Microstructure of Series 10 (S.A.E. 1045 Steel). Etched in 2 per cent Nital (500). ; 


(a) (Untempered). Oil quenched from 1850 F. Struc- (6) (Tested). Oil quenched from 1850 F., tempered 1 hr. 
ture primarily martensite with some evidence of retained at 1200 F. Structure is tempered martensite. 
austenite. 


Fic. 20.—Microstructure of Series 11 (S.A.E. 2340 Steel). Etched in 2 per cent Nitai (X500). 7 
ratio when the grain size was coarse. series 9 (A.S.T.M. grain size No. 3). It 
For the plain carbon steel (S.A.E. 1045), was believed that this decrease in yield 
an increase in grain size was accom- ratio for series 9 might possibly be due 
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_to the presence of minute quench cracks, size and chemical composition as series 
which could have formed during the se- 9, was water quenched from 1200 F. and 
"vere water quench from the high austeni- had a yield ratio of 0.76 as compared to 


(a) (Untempered) Cooled in still air from 1850 F. Struc- (6) (Tested). Air cooled from 1850 F. and canpesed 1 
ture fine pearlite and ferrite in Widmanstatten pattern. hr. # 700 Lh Structure ferrite (Widmanstatten) and temp- 
ered pearlite. 


Fic. 21.—-Microstructure of Series 12 (S.A.E. 2340 Steel). Etched in 2 per cent Nital (500). 


" 


(a) (Untempered). Oil quenched from 1970 F. Struc- (b) (Tested). Oil quenched from 1970 F. , tempered 1 hr. 
ture martensite with some evidence of retained austen- at 1300 F. Structure essentially tempered martensite. 


ite. 


| Fic, 22.—Microstructure of Series 13 (S.A.E. 3140 Steel). Etched in 2 per cent Nital (500). 


tizing temperature. This belief gained 0.70 for series 9. However, no evidence 
_ some support from the fact that series of quench-cracking was observed in 
16, which had the same austenite grain microscopic examination of several small 
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samples of the ‘‘as-quenched”’ specimens 
examined at a magnification of 500X. 

For those treatments which resulted 
in a microstructure composed mainly of 
pearlite and ferrite, the coarse-grained 
series exhibited slightly higher yield 
ratios than the fine-grained series in all 
cases, 


Effect of Grain Size on Fatigue Charac- 
teristics: 


Values for the endurance limit of 
notched and unnotched fatigue speci- 


ntempered). Cooled instill air trom 1970 F. Struc 
ture fine pearlite plus ferrite (Widmanstatten). 


test, the “notch sensitivity” index, gq, 
discussed by Peterson (6) was computed 
for all steels according to the equation: 


From a consideration of the analysis of 
Neuber (41), the theoretical stress con- 
centration factor, K:, was found to be 
2.9 for the 60-deg. V-notch employed on 
the fatigue specimens. Peterson (6) has 
shown that the sensitivity index, g, is 


» = 


(b) (Tested). Air cooled from 1970 F., tempered 1 hr. at 
1140 F. Structure pearlite plus ferrite, some spheroidiza- 
tion of carbides apparent at higher magnification. 


Fic. 23.—Microstructure of Series 14 (S.A.E. 3140 Steel). Etched in 2 per cent Nital (500). y 


mens of each series were determined 
from the S-N curves presented in Figs. 
5 through 10. The highest stress at 
which several specimens would run 30 
to 35 million cycles without failure was 
designated as the endurance limit. Since 
the tensile strengths of the steels varied 
slightly from one series to another, the 
ratio of the endurance limit to tensile 
strength was calculated to facilitate a 
comparison of the fatigue properties pre- 
sented in Tables II and III. As a rela- 
tive measure of the resistance of the 


steel to the effect of notches in a fatigue 


not a material constant but it does serve 
as a rough measure of the sensitivity of 
the various heat-treated groups to the 
damaging effects of a notch in fatigue. 
Fatigue Characteristics of Steels at A p- 
proximately Equal Hardness—The fa- 
tigue characteristics of the various heat- 
treat series, when compared on the basis 
of equal hardness, showed no consistent 
trends directly attributable to the prior 
austenitic grain size. The endurance 
limits for the unnotched specimens which 
had a pearlitic microstructure were found 
to vary in approximately the same pro- 
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portion as their tensile strengths. This 
also appeared true for the “tempered 
martensitic” series with the exception of 
series 16 (S.A.E. 1045 steel) which had a 
“mixed” microstructure of ferrite in a 
tempered martensitic matrix. Although 
this series had a higher tensile strength 
than either of the comparable series 1 
and 9 (Fig. 14), its endurance limit was 
the lowest of these three groups. It was 
noted that the values of endurance limit 

for the unnotched specimens were usually. 


Fic. 24.—Microstructure of Series 15 
(S.A.E. 2340 Steel). 
. Austenitized 1850 F.; quenched in salt bath 1100 F., 
Sn one half hour then water quenched. Tempered 1200 F. 


Structure tempered martensite with ferrite at grain 
boundaries. Etched in 2 per cent Nital (500). 


somewhat higher than would be pre- 
dicted by the commonly used approxima- 
tion of one-half the tensile strength. In 
general, the slope of the finite life portion 
_of the S-N diagrams was greater for the 
notched specimens than it was for the 
 unnotched. 

Apparent Influence of Grain Size on 
Endurance Ratio—The effect of grain 
size on the relative endurance limit was 
studied by comparing the ratios of en- 
durance limit to ultimate strength (en- 
durance ratio) for each series. These 


values, shown in Tables II and III, 
were summarized graphically in the last 
column of Fig. 14. It was interesting to 
note that, normally, those steels which 
had the highest yield ratio also had the 
highest endurance ratio. This has pre- 
viously been reported by Dolan and Yen 
(1) and Hollomon (2). For those series 
which had a structure mainly of tem- 
pered martensite, a coarse grain size did 
not appear to have seriously affected the 
endurance ratios for either the notched 


Fic. 25.—Microstructure of Series 16 


(S.A.E. 1045 Steel). 
Austenitized 1800 F.; quenched in salt bath 1200 F., 
held 100 sec. and then water quenched. Tempered 1150 F. 
Structure tempered martensite with ferrite and a few 


scattered pearlitic areas at grain boundaries. Etched in 2 
ver cent Nital (500). 


or the unnotched specimens. Endurance 
ratio values for series 9 were lowered 
slightly when the grain size was 
coarsened, which was consistent with its 
decreased yield ratio. 

The special groups that had a struc- 
ture of ferrite in a matrix of tempered 
martensite (series 15 and 16) do show 
distinctly lower endurance ratios and 
slightly greater notch-sensitivity in fa- 
tigue than the corresponding coarse- 
grained tempered martensite (series 11 
and 9 respectively). This seemed to indi- 
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cate that the small weak areas of pre- 
cipitated ferrite in series 15 and 16 were 
able to function as “metallurgical 
notches” and thus lower the fatigue 
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greater resistance to the effect of notches 
as indicated by the strength reduction 


factor, Ky and the sensitivity index, g, 
presented in Table ITI. 


(a) (Upper) Outer edge of fatigue specimen. 
(b) (Lower) Midlength of fatigue crack. 


Fic. 26.—Path of Fatigue Crack in “Mixed” Microstructure of Tempered Martensite and Ferrite 
(Series 16) Etched in 2 per cent Nital (250). 


resistance of the steel. It was interesting 
to note from Fig. 26 that, once the 
fatigue crack had penetrated a short 
distance into the specimen, it did not 
necessarily follow the ferrite network at 
the prior austenitic grain boundaries. 
With an increase in austenite grain 
size, the pearlitic steels showed a slightly 


Possible Explanation for the Effects of 
Microstructure on Some Tensile and Fa-— 
tigue Characteristics of Steel—From the | 
static tensile data of Tables II and IIT 
it has been noted that, at approximately 
equal hardness, the yield ratios of 
“tempered martensitic” specimens were 
higher than the yield ratios of pearlitic 
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specimens of the same steel. When the 
austenitic grain size was large, the differ- 
ences between yield ratios were some- 
what reduced but were still clearly 
apparent. A possible explanation for this 
behavior may be based on Gensamer’s 
theory of strength of metallic aggre- 
gates. 
- It has been shown by Gensamer, et al. 
_ (4) that the resistance of a steel to ten- 
sile deformation is proportional to the 
logarithm of the mean straight path 
through the ferrite phase. For a fully 
pearlitic structure, the mean straight 
path refers to the average distance from 
- one cementite plate to the adjacent one 
as measured along a random straight line. 
_ When pearlite forms during continuous 
cooling of austenite, the pearlite forma- 
tion takes place over a range of tem- 
peratures, and since the spacing of the 
cementite plates is a function of the 
reaction temperature (4, 45) the dis- 
tances between adjacent cementite plates 
are varied over a corresponding range. 
When a specimen having a non-uniform 
_ distribution of carbides is loaded in ten- 
sion, the regions of coarse pearlite 
Cormed at the higher temperatures) 
should be the first to deform plastically. 
he the ferrite of these coarse pearlitic 
areas becomes strengthened through 
strain hardening, further plastic de- 
formation will be transferred to other 
regions which have slightly shorter 
mean ferrite paths. For a given incre- 
ment of plastic strain it appears probable 
that the corresponding increase in flow 
stress will be greater for steels having a 
wide variation in the spacing of ce- 
mentite plates than for steels having a 
more uniform distribution of carbides. 
The tempering of martensite results in 
a precipitation of carbide particles 
throughout the ferrite matrix, in which 
the average distance between particles 
: does not vary appreciably from one area 
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of the steel to another. It thus apis 
that for a given tensile strength, the 
stress required to produce a small plastic 
strain in specimens of tempered marten- 
site should be greater than the stress 
required to produce the same small 
strain in pearlitic specimens. From this 
it follows that when sufficiently small 
offsets are used to determine yield 
strength, the yield ratio of tempered 
martensitic steel will be greater than the 
yield ratio of pearlitic steel. 

According to this line of reasoning, the 
effects of austenitic grain size on the 
tensile characteristics would depend 
mainly upon how this grain size affects 
the final distribution of carbides in the 
structure. In the case of tempered mar- 
tensite, distribution of carbide particles 
would be changed little if at all by a 
change in austenitic grain size so that 
only small changes in tensile characteris- 
tics would be expected. For a steel air- 
cooled to produce a pearlitic structure, 
coarsening the austenitic grain size would 
cause a relatively large change in the 
tensile characteristics because the pearl- 
ite reaction would require a longer time 
to go to completion and thus would 
occur over a greater range in temperature 
(resulting in wide variation in the car- 
bide spacing). 

The existence of “weak” areas of 
coarse pearlite in the air-cooled steels 
may help to explain why the endurance 
limits of the pearlitic specimens were 
generally inferior to those of tempered 
martensitic structure. Since fatigue is a 
localized phenomenon, it is conceivable 
that a crack initiated in one of the weak 
areas would have little trouble in propa- 
gating itself through the remainder of 
the specimen. This argument gains some 
support from the fact that when “‘weak” 
areas of ferrite were present in a matrix 
of tempered martensite (see series 15 
and 16) the endurance ratio was appreci- 
ably lowered. 
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Effect of Grain Size on Impact Charac- 
teristics: 


Curves showing the effect of tempera- 
ture on the energy absorbed by the 
V-notch Charpy impact specimens are 
presented in Figs. 11, 12, and 13 re- 
spectively. The experimental points from 
which the average curves were drawn 
for each series were included in these 
figures. 

In general, the steels having structures 
of the tempered martensitic type had 
much lower transition temperatures and 
absorbed more energy above this tem- 
perature than did the same steel with a 
pearlitic structure. These changes in 
impact behavior which accompanied a 
change in the general type of micro- 
structure were considerably greater than 
differences attributable to a change in 
austenitic grain size alone. 

For the steels having pearlitic struc- 
tures, an increase in austenitic grain size 
shifted the ‘‘transition” zone to a higher 
temperature and gave lower values of 
energy absorption over all ranges of 
temperature investigated. It was inter- 
esting to note in Fig. 13 that had the 
pearlitic specimens of S.A.E. 3140 steel 
(series 4 and 14) been tested at room 
temperature only (70 F.) the resulting 
impact values would have indicated that 
the fine-grained series 4 was almost 
three times as “tough” as series 14. 
Obviously such results obtained at a 
single temperature cannot adequately 
describe the impact superiority of one 
steel as compared with another. 

An increase in the grain size of the 
“tempered martensitic” steels gave rather 
surprising results. It was found that 
the coarse-grained series had transition 
temperatures slightly lower than the 
corresponding fine-grained series. X-ray 
diffraction patterns of the coarse-grained 
series of S.A.E. 2340 steel indicated that 
small amounts of austenite were retained 
after quenching, but this was not held 
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to be a significant factor in the shift of 
temperature of transition (3). A possible 
explanation for this behavior appeared 
to be incomplete hardening at the center 
of the fine-grained specimens. Some 
traces of very fine pearlite were observed 
microscopically in the center of the as- 
quenched S.A.E. 1045 specimens. The 
gain in hardenability which accompanied 
an increase in austenitic grain size was 


_apparently sufficient to allow thorough 


hardening and resulted in a slight im- 
provement of the impact properties. 


SUMMARY AND CONCLUSIONS 


In a laboratory investigation con- 
ducted to study the effects of a large 
increase in prior austenitic grain size on 
the mechanical properties of steels, three 
commonly used steels, S.A.E. 1045, 2340, 
and 3140, were selected and given heat 
treatments designed to produce two gen- 
eral types of microstructure. The first 
of these microstructures consisted mainly 
of tempered martensite, while the sec- 
ond was largely pearlite and ferrite. 
The austenite grain size of the steels 
tested varied between a maximum of 
A.S.T.M. No. 3 for the coarse-grained 
condition to a minimum of A.S.T.M. 
No. 10 in the fine-grained condition. As 
a related problem, the mechanical 
properties were also determined for a 
“mixed” microstructure of tempered 
martensite with small amounts of pro- 
eutectoid ferrite at the prior austenite 
grain boundaries. All steels were tem- 
pered to approximately the same hard- 
ness (100 Rockwell B scale) before being 
tested. 

The mechanical properties investi- 
gated were those measured by means of 
the ordinary tension test, the rotating- 
beam fatigue test and the Charpy 
notched-beam impact test. Under the 
conditions imposed during this investi- 


gation the test data appear to justify — 


the following conclusions: oa 
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1. In general, the steels which had a 

tempered martensitic type of structure 

exhibited mechanical properties superior 

to those of the same steels with a 

microstructure of pearlite, irrespective 
of the prior austenite grain size. 

2. With the exception of a decrease in 
ductility in static tension, the mechani- 
cal properties of the steels having a 
tempered martensitic type of structure 


were not appreciably affected by an in- - 


7 crease in the austenitic grain size. 
3. An increase in the prior austenitic 
- grain size of the steels heat treated to 
produce a microstructure of pearlite 
resulted in: 

(a) An increase in the yield ratio in 
tension. 

(b) A decrease in the fatigue notch 
sensitivity of the steel. 

(c) A decrease in the amount of 
energy absorbed by V-notch Charpy 
impact specimens, over the entire 
range of temperatures investigated. 
4. Small amounts of pro-eutectoid 

ferrite in a matrix of tempered marten- 
site resulted in fatigue and static tensile 
properties inferior to those of the same 


APPENDIX 


The literature concerning the effects of 
changes in metallurgical structure on the 
mechanical properties of steel has been par- 
ticularly voluminous; an extensive review 

-would be too lengthy for presentation in 
this paper. It was felt, however, that the 
following investigations would be of par- 
ticular interest for comparison with the 
results obtained from the experimental 
program conducted as a part of the present 
study. 

The data and techniques used in the in- 
vestigation by T. J. Dolan and C. S. Yen 
(1) were used extensively in planning the 
experimental program and in presenting the 
results in the main body of this paper. They 


metallurgical structure affected the fatigue 
7 strength and notch-sensitivity of several 
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steel in a tempered martensitic con- 
dition. 

5. When the prior austenitic grain 
size was increased in the steels having 
pearlitic microstructure, the fatigue 
“notch sensitivity” decreased but the 
Charpy impact “notch sensitivity” in- 
creased. The commonly accepted test 
methods of evaluating present-day con- 
cepts of notch sensitivity lead to basically 
different trends and cannot be used inter- 
changeably in predicting fatigue and 
impact behavior. 
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steels in which the prior austenite grain size 
was very fine. Duplicate tests were made of 
three steels in a drastically quenched and 
tempered condition (tempered martensitic 
type of structure) and in a slowly quenched 
and tempered condition (pearlitic structure) 
all drawn to the same hardness level. In 
general, the steels rapidly cooled in quench- 
ing exhibited higher yield ratios, slightly 
higher endurance limits and less notch- 
sensitivity in fatigue than the same steels 
slowly quenched and tempered. The steels 
consisting mainly of tempered martensite 
had much lower transition temperatures in 
the Charpy impact test and also showed 
higher energy absorption above the transi- 
tion temperature than the same steels with 
tempered pearlite structures. 

S. A. Herres and C. H. Lorig (3) made 


| 


some interesting observations on the effect 
of prior austenite grain size on the me- 
chanical properties of steel. They suggested 
that the increase in hardenability, accom- 
panying an increase in austenitic grain 
size, should improve both the strength and 
toughness under conditions where the same 
steel in a fine-grained condition would not 
be hardened throughout in quenching. They 
concluded that in the absence of grain 
boundary precipitates fully-hardened steels 
exhibited “no tendency” for impact re- 
sistance to decrease as grain size was 
increased. (In a discussion of the paper, 
Jaffe, Hurlich and Wallace (3) disagreed 
with this conclusion.) 

Herres and Lorig also proposed that the 
brittleness encountered in _ drastically 
quenched steels with carbon content greater 
than 0.30 per cent may be caused by large 
transformational stresses and micro-cracks in 
the martensite grains. Such stresses and 
micro-cracks increase with severity of 
quench and are accentuated by a depression 
of the M, point and by increased austenitic 
grain size. 

Recently, M. Baeyertz, W. F. Craig, Jr., 
and J. P. Sheehan (50) have reported that 
the austenite grain size at the instant of 
quenching appears to have no significant 
influence on the notched-bar impact proper- 
ties of tempered martensite. They sug- 
gested that reports of such influence may 
have been caused by a hitherto unrecognized 
“brittleness factor”. 

In a study of 0.1 per cent and 0.4 per 
cent carbon steel, G. Delbart and R. Potasz- 
kim (5) reported that in the annealed con- 
dition steels having either fine or coarse 
austenitic grain size exhibited substantially 
the same tensile strength. When both were 
quenched and tempered, the fine-grained 
material was slightly inferior in strength. 
In the annealed condition, elongations were 
“identical,” but in the quenched and tem- 
pered condition the fine-grained steel gave 
a slightly greater elongation. With regard 
to reduction of area, the fine-grained steel 
was superior, especially when quenched 
and tempered. 

R. E. Peterson (6) stated that a fillet, 
notch, or other form of stress concentration 
introduces a steep stress gradient at the 


On GRAIN SIZE AND METALLURGICAL STRUCTURE OF STEEL 


= 


surface as compared with a conventional 
unnotched fatigue specimen. If the steel is 
coarse-grained,® the stress may drop 25 per 
cent in crossing a single grain at the surface 
where the stress gradient is high. The 
fatigue behavior in such a case would be ex- 
pected to be different from that obtained in 
unnotched specimens for which the stress 
gradient changes very little in crossing a 
single grain. In the case of a steep stress 
gradient it should be more difficult for a 
crack to get started and to propagate itself. 
Peterson suggested that a specimen of 
coarse-grained annealed steel will usually 
not be reduced in fatigue strength as much 
percentagewise by the presence of a notch 
as will a similar specimen of fine-grained 
heat-treated steel.® 

Peterson also stated that high-strength, 
heat-treated steels are highly sensitive to 
notch effects while normalized steels are 
less sensitive. This is in direct contradiction 
to the findings of Dolan and Yen (1). The 
explanation of this probably lies in the fact 
that Peterson was not comparing the steels 
on the basis of equal hardness or tensile 
strength. 

C. W. Beattie (7) found that increasing 
the ferrite grain size of S.A.E. 1020 steel 
resulted in a lowering of the tensile strength, 
yield strength, per cent reduction of area, 
and endurance limit. 

Similar tests were performed by H. B. 
Oehler (8) on S.A.E. 1050 steel. The hard- 
ness of all specimens was held to epproxi- 
mately 95 Rockwell B. The endurance limit 
(unnotched), Charpy impact values, per 
cent elongation, and reduction of area were 
all found to increase with a decreasing 
pearlite grain size. The tensile properties 


showed one inconsistency in that the largest — 


pearlite grain size had the highest yield 
strength. The other yield strengths increased 
as the grain size was decreased. The results 
of notched and unnotched fatigue tests 
showed a tendency for the steel to become 
more notch sensitive (6) as the pearlite 
grain size decreased. Tensile strengths of 
the various groups were approximately 
equal. 

6 It should be noted that the concept of grain size as 


used by Peterson was apparently mot the austenitic grain 
size but was more closely related to the appearance of the 
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In a study by R. E. Lorentz, Jr. (9), the 
influence of grain size on the mechanical 
properties of an S.A.E. 2345 steel was 
investigated for both furnace-cooled and 
quenched and tempered conditions. The 
furnace-cooled series showed an increase in 
yield strength, percentage elongation, re- 
duction of area, endurance limit (un- 
notched), and Charpy impact value as the 
prior austenitic grain size was decreased 
from A.S.T.M. No. 1 to No. 7. Similar 
trends were observed in the hardened and 
tempered series, but the differences in 
elongation, reduction of area, and Charpy 
impact value for grain sizes from 2 to 7 
_ were very slight. The greatest effects of grain 
size on mechanical properties were observed 
_ when the grain size was very large (less than 
a grain per sq. in. at 100X). Data for the 

furnace-cooled steel indicated an increase in 


: fatigue “notch sensitivity” as the grain 
size was decreased but no such trend ap- 
peared in the hardened and tempered steel. 

P. Schane (46) found that in the an- 

_ nealed, normalized, or quenched and tem- 
pered conditions, fine-grained S.A.E. 1040 
steel was superior to the coarse-grained steel 

— in ductility and was “vastly superior” in the 
Charpy impact test at room temperature. 

R. A. Rolf (47) presented data for 0.40 
per cent carbon steel, of coarse and fine 
grain, water-quenched from 1525 F. and 
tempered at 800 F. to 1200 F. by 100-F. 

_ intervals. Tensile and yield strengths of the 
fine-grained steel were 5 to 10 per cent less 
than for the coarse-grained, but the duc- 
tility and toughness were increased. For the 

300 F. draw temperature, the fine-grained 

steel gave Charpy impact values (room 

- temperature) three times as great as those 

of the coarse-grained steel. Scott (48) re- 

7 ported that a similar effect was found for 
very hard steels. 

E. C. Bain (49) showed that coarse- 

* 4 grained steels gave lower values in the 

Charpy impact test (room temperature) 

than fine-grained steels, whether quenched 

and tempered or austempered. The hard- 

ness of the specimens tested was 50 Rock- 
C. 

oe J. H. Hollomon, L. D. Jaffe, D. E. 

} - McCarthy, and M. R. Norton (2) made a 

rather extensive examination of S.A.E. 3135 
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and NE 8735 steels, heat-treated to produce 
various structures (martensite, martensite 
plus ferrite and pearlite, and martensite 
plus bainite) all tempered to the same hard- 
ness before testing. These investigators con- 
cluded that steels having a tempered mar- 
tensitic structure had mechanical properties 
superior to those of other structures. At a 
given tensile strength the tempered mar- 
tensites had the highest yield strength, the 
highest ductility, the highest endurance 
limit, and the greatest toughness under 
severe conditions. It should be noted that 
these conclusions were based primarily upon 
steels below a hardness of 50 Rockwell C 
scale and having carbon contents less than 
0.50 per cent. 

Gensamer, Pearsall, Pellini, and Low (4) 
discussed the tensile properties of pearlite, 
bainite and spheroidite. A relation between 
the strength of steel and the average spac- 
ing of the carbide particles was proposed as 
follows: “The resistance to deformation of 
a metallic aggregate consisting of a hard 
phase dispersed in a softer one is propor- 
tional to the logarithm of the mean straight 
path through the continuous -phase.” By 
the mean straight path was meant the aver- 
age distance from one hard particle to 
another along a straight line taken at 
random. It was further concluded that the 
amount of the hard, dispersed phase was of 
less consequence than the mean path 
through the soft continuous phase. 

From this concept of the strength of 
metallic aggregates one would predict that 
the prior austenite grain size alone has little 
ii any effect on the tensile properties of 
tempered martensite. 

A relatively small number of papers have 
been surveyed in this Appendix. From even 
this limited number, it appears evident 
that there has been a definite lack of agree- 
ment on the effects of austenite grain size on 
the mechanical properties of steel. In many 
of the early studies there was a tendency to 
attach undue significance to the results of 
room temperature Charpy impact tests. 
The appreciable increase in hardenability 
usually observed with an increase in the 
austenite grain size suggests that further 
study of this old problem could prove 
profitable. 
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Mr. J. M. Hopce (presented in written 
form).\—These studies by Messrs. Sin- 
clair and Dolan will be, I am sure, of 
great interest to the metallurgical pro- 
fession, as they are on a subject which 
is of fundamental importance to metal- 
lurgists; the relationship between micro- 
structure and properties. The principal 
conclusions as to the effect of austenitic 
grain size on properties in tempered mar- 
tensitic and in pearlitic steels, namely, 
that it makes little difference in the tem- 
pered martensitic steels and on the other 
hand that it is tremendously important 
in pearlitic steels, are, I believe, now well 
established by these studies. 

I believe, however, that it should be 
pointed out that, in all probability, all 
of the structures described as tempered 
martensites are not fully tempered mar- 
tensite nor are all of the structures de- 
scribed as pearlitic, actually fine pearlite. 
These departures from the pure struc- 
tures should, I believe, be taken into con- 
sideration in evaluating the relationships 
between microstructure and properties. 
The S.A.E. 1045 steel, as mentioned by 
the authors, contained some fine pearlite 
as quenched, and the relatively high 
transition temperature on impact testing 
as compared with those for the S.A.E. 
2340 and 3140 steels is undoubtedly a 
reflection of the presence of this fine 
pearlite in the tempered microstructure. 
In the S.A.E. 1045 steel with ferrite 
(Series 15), likewise, the authors mention 
the presence of fine pearlite at the grain 
boundaries, and the presence of this car- 
bide phase at the grain boundaries might 


1 Research Associate, Research and Development Div., 
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well explain some of the differences shown 
in their data between the effects of ferrite 
on the properties of tempered martensite 
in the S.A.E. 1045 and 2340 steels. 
There are, furthermore, distinct and 


possibly significant differences among the 


pearlitic microstructures. I believe that 
most metallurgists would agree that the 
structure of the oil-quenched S.A.E. 1045 
steel is probably largely fine pearlite, but 
the structures of the air cooled S.A.E. 


2340 and 3140 steels, would, I think, | 


generally be referred to as upper bainite. 


This therefore permits a comparison | 


of the properties of fine pearlite and upper 
bainite microstructures at the same hard- 
ness level, and it is of particular interest 
that the upper bainitic structures seem 
definitely superior, particularly in respect 
to toughness; at any rate, when tem- 
pered at these relatively high tempering 
temperatures. 

Mr. Peter R. Kostinc (presented in 
written form).2—The importance of the 


@ 
work of Dolan and his associates cannot 


be over emphasized. The engineer needs 


such data as these to help in the selec- 


tion of material for particular applica- 
tions. The benefits of having a certain 
microstructure in steel for a particular 


component must be capable of being eval- 


uated. The engineer is not always privi- 


leged to build up personal experience by 


having components fail because of the 
lack of such expensive benefits in the 
steel. Such data as are in this paper 
should be helpful in this evaluation. 


In studying the fatigue data, it is ap- 
parent that for any one particular — 


2 Metallurgist, Watertown Arsenal, Watertown, Mass. 
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-medium-carbon low-alloy heat-treated 
steel, a processing which improves duc- 
tility and toughness, also improves re- 
sistance to fatigue, even under a multi- 
axial stress system. The comparison of 
steels of different heats or of different 
alloy composition, however, is not as 
simply made because of slight differences 
in strength levels and in microstructures. 
It would be helpful to make corrections 
‘in the data for the slight differences in 
strength levels in order to simplify inter- 
comparisons. If the test procedures give 
data representative of fundamental prop- 
erties of the steel, that is, reasonably 
unaffected by size effects, these intercom- 
parisons should give useful reliable in- 
formation. Thus, when series 11 and 13 
are compared, these two being selected 
out of all the steels because of the similar- 
ity in microstructure, as revealed in Figs. 
20 and 22, the averaged data show a 
difference only in the region of finite life. 
In view of the note by Ransom and 
Meh|!* based on the results of a statistical 
study of fatigue, it appears that this dif- 
ference between series 11 and 13 might 
be non-existent. It might also be that 
the differences in slopes of all of the S-.V 
curves for unnotched specimens apparent 
in Figs. 7, 8, and 9, are not real. 

Messrs. G. M. SINCLAIR AND T. J. 
DOoLan (authors’ closure).—The authors 
wish to thank Mr. Hodge and Mr. Kost- 

ing for their very interesting and helpful 
discussions. 

The first point raised by Mr. Hodge is 
well taken, namely, that it would be well 
to emphasize the fact that the micro- 
structures considered in this study were 
probably not 100 per cent tempered mar- 
tensite or 100 per cent fine pearlite. The 
authors used the term tempered marten- 
_sitic /ype of structure to describe those 


3 J. T. Ransom and R. F. Mehl, “The Statistical Nature 
of the Endurance Limit,’’ Transactions, Am. Inst. Mechan- 
ical Engrs., Vol. 185, June, 1949, pp. 364-365. et ie 
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cases in which practically all carbides. 
were spheroidal in shape. Similarly, when 
most of the carbides present were plate- 
like in form a general classification as a 
“pearlitic” type of structure was used, 
although, as Mr. Hodge suggested, “up- 
per bainite’’ may have been a more exact 
metallographic term for the structures 
obtained in the air cooled S.A.E. 2340 
and S.A.E. 3140 steels when the aus- 
tenitic grain size was large. It is the be- 
lief of the authors, however, that the 
final shape and distribution of the car- 
bide particles in the microstructure are 
of fundamental importance in determin- 
ing the mechanical properties of steel and 
that an analysis of the mechanical be- 
havior based on microstructure might 
justifiably be simplified by considering 
whether the carbidesare spheroidal, plate- 
like or some mixture thereof. When tem- 
pered to the same hardness level, the 
structures termed upper bainite by Mr. 
Hodge show a toughness superior to that 
of fine pearlite, as he pointed out. It 
seems probable that the rather high tem- 
pering temperatures used for the upper 
bainite would result in a partial sphe- 
roidization of the initially fine platelike 
structure and thus might improve the 
relative toughness of these steels. 

With regard to Mr. Kosting’s sugges- 
tion, the authors have tried to simplify 
the intercomparison of the yield strength 
and the endurance limit data, corrected 
for small differences in strength level, by 
listing the ratios of yield strength or en- 
durance limit to the tensile strength for 
each steel (for example, Fig. 14). No 
attempt was made to correct impact data 
for these slight differences in tensile 
strength. Mr. Kosting is correct in his 
assertion that the slopes of the S-V 
curves are only approximate since they 
are based on a relatively small number 
ofspecmens. 
ti 
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STEEL 
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THE PROBLEM 


The literature on notched-bar testing 
indicates that Charpy keyhole- and 
V-notch specimens have been extensively 
used for evaluating the notch-sensitivity 
characteristics of metals at normal, sub- 
normal, and elevated temperatures. The 
form and dimensions of these specimens 
are given in the Tentative Methods of 
Impact Testing of Metallic Materials 
(E 23-47 These Methods as well 
as many others include tolerances for 
most significant dimensions but do not 
specify any for the radius at the root of 

* Presented at the Fifty-third Annual Meeting of the 
Society. June 26-30, 1950. 

he en or assertions contained herein are those 
of the authors and are not to be construed as official or 
reflecting the views of the Navy Department or the Naval 
Service at large. 

2?Head, Senior, and Associate Metallurgists, re- 
spectively, Material Laboratory, New York Naval Ship- 


yard, Brooklyn, N. 
2 1949 Book of ASTM Standards, Part 2, p. 1035. 


VARIATIONS IN NOTCH 
CHARPY NOTCHED-BAR TEST*! 


A. IMBEMBO,? 
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SYNOPSIS 


This paper presents and discusses data on the effects of small variations, 
in the notch root radius of Charpy V- and keyhole-type specimens on the 
energy absorption level and location of the transition temperature region of a 
number of steels. The principal objective was to establish tolerances for the 
root radius dimension of the V-notch, 
present time. The materials used in the investigation consisted of Navy medium 
and high-tensile strength steels and S.A.E. 
to tensile strength levels of approximately 60,000, 70,000, 85,000, 110,000, or 
155,000 psi. For each steel and condition, energy-temperature relationships 
were established for V-notch radii of 0.006, 0.0075, 0.009, 0.010, 0.011, 
0.015, 0.017, and 0.021 in. and for keyhole diameters produced by Nos. 46, 
47, and 48 drills. The effect of polishing the base of the A.S.T.M. standard 0.010 
in. radius V-notch was also investigated. Equipment and techniques for pre- 
paring the notches and conducting the tests are described. 


' marks or scratches at the 
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ACUITY ON THE 
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for which no standards exist at the 


1045 and 4620 steels, heat treated 


0.012, 


the V-notch and the diameter of the hole 
in the keyhole notch. At the present 
time, tolerances for the radius at the base 
of the notch with A.S.T.M. Methods?’ 
are not specified, in the absence of suffi- 
cient data to support the value or sig- 
nificance of such tolerances. 

Actually, some investigators have ex- 
pressed the opinion that small deviations 
in the notch root radius, particularly that 
of the V-notch, will influence the energy 
value, transition temperature, and repro- 
ducibility of results. Others have raised 
the question as to the influence of ma- 
chine finish at the root of the V-notch on 
the results obtained. 

In conventional methods of cutting 
the notch, the resulting machining 
root are not 
in the optimum direction with respect 
to the breaking stresses, and it has been 
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claimed that variations in the smooth- 
ness of the surface will influence the 
test results. In this connection, one 
laboratory (1)* has attempted to elim- 
inate effects of machining marks by 
polishing the base of the 0.010 in. radius 
V-notch with a rotating 0.020 in. wire 
using No. 600 carborundum abrasive. 
However, another laboratory (1) has re- 
ported that there appear to be no sig- 
nificant differences between results ob- 
tained with unpolished and_ polished 
notches. 

In view of the apparent lack of data 
on the effect of small variations in notch 
root radius and the influence of notch 
finish, the laboratory with which the 
authors are associated was authorized 
by the Bureau of Ships, Navy Depart- 
ment, to investigate the effects of these 
variables on the energy level and transi- 
tion temperature characteristics of a 
number of steels ranging in tensile 
strength from 60,000 to 155,000 psi. 
The investigation also was sponsored to 
acquire data which would provide a 
basis for the incorporation of tolerances 
for the notch root radius dimension of 
Charpy specimens in A.S.T.M? and 
Navy Department specifications.® 

REVIEW OF PREVIOUS WorRK 

A review of the literature indicates 
that there is considerable published data 
on the Charpy notched-bar test some 
of which deals specifically with the 
effects of variations in notch acuity on 
the energy-absorption and_transition- 
temperature characteristics of steel. 

Greaves and Jones (2) presented data 
showing the influence of changes in the 
notch root radius of the Charpy speci- 
men on the energy-temperature rela- 
tionships for ingot iron. The variations 
included root radii of 0.01, 0.04,- 0.16, 


4 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 647. 

5 General Specifications for Inspection of Material, 
Appendix II, Metals, Part A—Definitions and Tests, 
issued by Navy Department, April 1, 1947. 
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0.4, and 7.9 in., all of the notches being 
cut to a depth of 0.079 in. Results of 
their work showed that the greater the 
sharpness of the notch, the lower is the 
curve of total work and the higher is the 
temperature at which the drop-off in 
energy occurs. 

R. Mailander (3) investigated the 
notch-sensitivity characteristics of car- 
bon and chromium-nickel steels using 
several sizes of Charpy specimens with 
radii at the base of the notch of 0.004, 
0.01, 0.04, 0.08, 0.12, and 0.2 in. The 
notches were cut to half the depth of the 
bar. Results of tests conducted at sev- 
eral selected temperatures indicated that 
the smaller the size of the notch, the 
lower is the energy-absorption value. 
In the case of a 0.12 per cent carbon 
steel tested at —70 C., the energy values 
associated with cleavage-type fractures 
were not appreciably affected by varia- 
tions in notch radius. 

In a subsequent paper, Mailander (4) 
presented Charpy data on low- and 
medium-carbon steels tested at a num- 
ber of temperatures using standard-size 
specimens with notch radii of 0.02, 0.04, 
and 0.08 in., and notch depths of 0.08, 
0.12, and 0.2 in. In general, his results 
indicated a shift in the energy-tempera- 
ture curve to a region of lower tempera- 
ture with an increase in the radius of 
the notch. The energy values were gen- 
erally lower for the sharper notches. 

Crafts and Egan (5) investigated the 
Charpy V-notch properties of S.A.E. 
1020X_ steel using standard-size speci- 
mens with root radii of 0.010 and 0.039 
in. and notch depths of 0.079, 0.139, and 
0.199 in. Tests were conducted at room 
temperature, —50C., and —78 C. using 
various striking velocities and_ initial 
energies. The results indicated that the 
critical transition range was shifted to 
higher temperatures by increase of 
striking velocity, decrease of initial en- 
ergy, and decrease of notch radius. In 
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general, higher energy values were asso- 
ciated with the larger notch radius. 
Jackson, Pugacz, and McKenna (6) 
conducted Charpy tests on carbon and 
low-alloy steels utilizing standard-size 
specimens, notched to a depth of 0.079 
in. with milling cutters of 0.010 (stand- 
ard), 3, and in. radii. Their find- 
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V-notch properties of mild steel plate 
which indicate that the transition tem- 
peratures and energy values become in- 
dependent of the notch root radius for 
radii of 0.01 in. or smaller. He employed 
standard-size specimens, V-notched to a 
depth of 0.197 in. (half-depth), with 
notch radii of 0.0008, 0.0015, 0.003. 


ings indicated that, as the radius of 0.006, 0.010, 0.020, 0.030, and 0.085 in. 
TABLE I.—CHARACT ERISTIC s* OF STEELS USED IN NOTCH ROOT RADIUS STUDIES. 

Code Type of Open Hearth me — Tensile Elongation Reduction 
Designation Steel Selected for Heat Treatment Received” @ 0.1 cone" of Strength, in 14 in., of Area, 
for Material, Study offxet, a psi. per cent per cent 

Sa A Medium _ Strength? | Normalized at 1650 F., stress 40 250° 63 000 37.9 66.7 
; semi-killed, grade relieved at 1150 F., furnace 
M, U.S. Navy cooled. 
7 | Spec. 46-S-1; June | 
1, 1945, welding 
| quality 
B Normalized at 1700 F., stress- | 54 000° | 69 500 42.8 78.0 
ar relieved at 1150 F., furnace 
wl High tensile | cooled. 
strength fully- 
killed, “vani 
type,” grade HT, 
6-S-1; June 1, 
Cc 1945. Normalized at 1700 F. hard- 77 000 84 000 34.0 80.0 
ened® at 1600 F., tempered! | 
at 1275 F. 
D Normalized at 1650 F., hard- 103 000 112 000 28.0 67.0 
ened® at 1550 F. , tempered’ 
Medium carbon at 1175 F 
(S.A.E. 1045), - - 
E | fully-killed. Normalized at 1650 F., hard- | 135 000 153 000 19.0 60.0 
ened® at 1550 F. , tempered’ 
| at 925 F. 
H Normalized at 1700 F., , hard. | 102 500 110 500 27.0 71.0 
| ened® at 1600 F. , tempered 
nes molybdenum at 1250 F. 
J folly killed. Normalized at 1700 F. hard- | 152 500 157 500 18.0 63.7 
ened® at 1600 F. , tempered | 
at 900 F. 


ns aa properties de termined on 0.357-in. diameter specimens machined from 4 by }-in. . bar stock after heat treat- 


me 


et Holding time at normalizing and hardening temperature was 4 hr.; at stress relieving and tempering temperatures 


it was 1 hr. 
© Values are yield points, psi. 
4 Bar stock was air cooled after normalizing. 
* Water quenched before tempering. 
/ Air cooled after tempering. 
9 Approximate composition, per cent: C = 
h Approximate compostion, per cent: C = 0.13; Mn = 


the notch increases, the energy required 

to fracture the specimen increases. 

The work of these investigators may 
summarized by stating that the 


be 


smaller the notch root radius, the lower 
is the energy-absorption value and the 
higher is the transition temperature cor- 
responding to the change from shear- 
to cleavage-type fracture. However, Bag- 
sar (7) presented data on the Charpy 


0.18; Mn = (¢ 
1 te: Si = 0.31; V = 0.03; Ti = 0.012. 


Bagsar plotted the log of transition 


temperatures in deg. R. versus the log of 
notch root radius in inches, and the re- 
sulting curves for mild steel show that 
the transition temperature remains con- 
stant for radii less than and including the 
standard 0.010 in. radius, but, for notch 
radii greater than 0.010 in., the transi- 
tion temperature decreases linearly with 
increase in notch radius. He states that 
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the insensitivity of Charpy tests to 


changes in notch root radius in cases. 


where it is less than 0.010 in. can be 
utilized for reducing the scatter in the 
test results and suggests that this can 
be accomplished by specifying the notch 
root radius dimension for V-notched 
Charpy coupons to be, say, 0.010 
+ 0.000 —0.005, in. instead of specifying 
0.010 in. as in present practice. 

It is to be noted that the variations 
in notch root radius studied by the vari- 
ous investigators were relatively large, 
and the data give little indication, with 
the exception of Bagsar’s work, as to 
what might be expected when the notch 
root radius deviates from that of the 
standard V- and_ keyhole-notches by 
small increments of the order of a few 
thousandths of an inch. While Bagsar’s 
work is significant, it was confined to 
only one type of steel and was based on 
a notch depth of 0.197 in. instead of the 
standard depth of 0.079 in. Hence, the 
available data are considered inconclu- 
sive from the standpoint of providing 
a basis for the establishment of toler- 
ances for notch root radii in Charpy 
specimens. 

TESTING PROGRAMS 

The testing program consisted of de- 
termining the Charpy energy-tempera- 
ture relationships, which define the 
change from ductile to brittle behavior, 
of four steels ranging in tensile strength 
from approximately 60,000 to 155,000 
psi., using standard-size specimens in 
which the following variations in notch 
acuity or notch finish were incorporated: 

1. V-notch root radii (R) of 0.006, 
0.0075, 0.009, 0.010 (standard), 0.011, 
0.012, 0.015, 0.017, and 0.021 in. 

2. Diameters (D) of hole in keyhole- 
notch as produced by Nos. 46 (0.081 
in.), 47 (0.079 in., standard) and 48 
(0.076 in.) drills. 
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3. Polishing the root of the V-notch 
as applied to the standard radius. 

4. Machining the standard radius V- 
notch in a single cut as compared to 
multiple cuts. 


MATERIALS INVESTIGATED 


Four steels in the form of 3 by 3 in., 


hot-rolled bar stock were procured to 
provide test material for the investiga- 
tion, as described in Table I. 

All bars of each steel were rolled from 
the same billet in order to insure greater 
uniformity from bar to bar and were 
furnished in approximately 20-ft. lengths. 


Meruops or Test AND Test Data 
Selection and Treatment of Material: 


A number of bars of each steel were 
examined for macrostructure and ana- 
lyzed for chemical composition; the re- 
quired amount of material for the in- 
vestigation was selected on the basis of 
uniformity of these characteristics. For 
each steel and condition, five bars were 
used for the preparation of Charpy V- 
notch specimens and two bars for key- 
hole-notch specimens. In the case of the 
medium and S.A.E. 1045 steels, one addi- 
tional bar was used in obtaining supple- 
mentary data on the relative effect of 
single and multiple cuts in milling the 
V-notch. 

Experimental heat treatment was con- 
ducted on each steel for the purpose of 
establishing suitable heat treating cycles 
for homogenization or for the develop- 
ment of specific tensile properties. The 
seven heat treatments evolved and 
applied to bar coupons from the four 
steels are also given in Table I, together 
with the tensile properties obtained by 
each treatment and the code letters as- 
signed to each heat-treatment modifica- 
tion. 

The bars were cut to provide blanks 
in. long for the Charpy specimens. 


The blanks designated for each notch 
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radius were taken from selected loca- 
tions in individual bars on the basis of 
random distribution tables. The blanks 
from each bar were identified in such a 
way that the notches were all cut into 
the same surface of the bar. The cou- 
pons were then heat treated in accord- 
ance with the procedures indicated in 
Table I. 


Technique for Machining V-notch Speci- 
mens: 


The V-notch specimens were machined 
to the A.S.T.M. dimensions and _toler- 
ances given in Fig. 1. Also, a tolerance of 


SPECIMEN 
IDENTIFICATION 
SPAN 


AA 


40 mm (1.574")—— 


pact testing machine. In machining each 
notch size, two milling cutters were em- 
ployed—-one a roughing and the other a 
finishing cutter. The notches were (1) 
cut to a depth of 0.060 in. using the 
roughing cutter, (2) cut to an additional 
depth of 0.012 in. using the same cutter, 
and (3) finally cut (approximately 0.007 


in.) with the finishing cutter to bring 
the section thickness beneath the notch 


to 0.315 +0.001 in. For one phase of the 
investigation, the standard notch (0.010 
in. radius) was machined to the required 
depth in one step in order to determine 
the relative effect of single and multiple 


R 


f' = 


for notching and against stop in impact testing machine. 
Fic. 1.—Dimensions of V-Notch Charpy Specimens. 


+0.001 in. was imposed on the section 
thickness beneath the notch. In arriv- 
ing at the 0.394 by 0.394-in. cross-section, 
an equal amount was removed from 
each face of the 4 by }-in. bar stock. 
The notches were machined with 2%-in. 
multiple-tooth milling cutters, tipped 
with Tantung inserts. 

For any notch size, five specimen 
blanks were simultaneously notched by 
clamping them in a specially designed 
jig mounted on the milling machine 
table. As indicated in Fig. 1, the milled 
end of the specimen was banked against 
a stop in the jig in order that the notch 
would always be cut at the same distance 
from one end, thereby facilitating subse- 
quent alignment of specimens in the im- 


%% 


1.08" _.19 394" 


longitudinally ground finish, f’” = milled end for bankin 


+0.001" 


g against stop in fixture used to hold specimens 


cuts on the energy-temperature relation- 
ship. 

To check notch contour and root 
radius of actual cuts, the various size 
V-notches were cut® in ;g-in. thick steel 
strips which were clamped between sup- 
porting blocks. The resulting notches 
were examined on an optical comparator 
under a magnification of 100. In pho- 
tographs of the notch profiles, it was 
observed that, in all cases, the included 
angle of the notch conformed to the 
specified +1 deg. tolerance and that the 
contour and radius at the root of each 


In the opinion of the authors and assisting shop 
personnel, multiple-tooth cutters were considered more 
efficient than carbide-tipped fly-cutters, from the stand- 
point of minimizing chatter and wear, and the results 
obtained with the multiple-tooth cutters appeared to be 
superior to those shown by Siemen (8) using carbide 
tipped fly-cutters 
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notch conformed very closely to the the- 
oretically correct profile. 


SPECIMEN 
IDENTIFICATION 
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SPAN 
40 MM. (1.574") 


SAW CUT 
"$0.00" 
ta 


— 


’ = longitudinally ground finish, f’” = milled end for banking against stop in drill jig and in impact machine. 


Fic. 2.—Dimensions of Keyhole-Notch Charpy Specimens. 


Fig. 3. 


Technique for Machining Keyhole-notch 

Specimens: 

The keyhole-notch specimens were 
machined to the dimensions given in 
Fig. 2; it is to be noted that the axes of 
the Nos. 46 and 48 drill holes (D) are 
located the same as that of the A.S.T.M. 
standard No. 47 drill hole resulting in a 


Jig Used for Drilling Hole in Keyhole-Notch of Charpy Specimen (Full Size). ca 


The deviations in hole size from that 
of the standard were intended to simulate 
discrepancies which might result from 
poor machining of the standard notch. 
The specimens were notched by first 
carefully drilling the hole and then cut- 
ting the slot with a 7-in. milling saw. 
Holes were drilled to size directly with- 


4 


section thickness (A) beneath the notch 
which varies slightly with the hole size. 
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out directly resorting to the use of a 
smaller drill and then finishing to correct 
size. 

The jig used for drilling the holes is 
shown in Fig. 3. With such a device, any 
tendency for the drill to drift is mini- 


0.020" PHOSPHOR- 


APPLICATOR GUIDE 


PRE 
¢ APPLI 


Fic. 4.—Equipment Used for Polishing Root Radius 


mized, thereby providing for a uniform 
thickness to fracture. The introduction 
of an end stop insures that all specimens 
are drilled at the same longitudinal dis- 
tance from one end, which ultimately 
serves as an aid in accurate alignment 


of specimens in the impact testing ma- 
chine. The jig is so constructed that it 
accommodates replaceable bushings for 
the different drill sizes. 

Circles corresponding to theoretical 
hole diameters were superimposed on 


of Standard V-Notch. 
photographs of actual contours of the 
drilled holes to check for conformity. 


Inspection Procedure: 


During the course of notching, the 
specimens were periodically inspected on 
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As-Machined x50 (Polarized Light) 


Polishing X50 (Dark Field) 


_ Fic. 5.—Root of Charpy V-Notch in Machined and Polished Conditions. ms 
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the optical comparator in order to de- 
tect any undue wear of the cutters or 
drills. As a final step in the inspection 
procedure, all specimens were checked 
for notch conformity and section thick- 
ness beneath the notch. 


Technique for Polishing Root of V-notch: 


To investigate the effect of polishing 
the root of the standard 0.010-in. radius 
V-notch, a yo-hp. precision drill press 
was adapted in such a manner that the 
root of the notch could be lapped by 
means of a rotating 0.020 in. diameter 
phosphor-bronze spring wire with a 
suspension of No. 600 carborundum in 
kerosine as the polishing medium. Figure 
4 shows a close-up view of the polishing 
equipment. The function of the appli- 
cator guide is to keep the phosphor- 
bronze wire confined to the root of the 
notch. The wire was swabbed with the 
polishing medium and, with the wire 
rotating, the pressure applicators were 
simultaneously pressed in by hand for 
about 30 sec., during which the specimen 
was moved up and down by raising and 
lowering the table. The polishing pro- 
cedure was completed by rotating the 
specimen 180 deg. and repeating the 
above operations. After polishing two 
specimens, the phosphor-bronze wire 
was renewed because of some wear and 
in order to minimize the possibility of 
altering the root radius size of specimens 
subsequently polished. 

Photomicrographs showing the ap- 
pearance of the base of the notch in the 
‘“as-machined” and polished conditions 
are presented in Fig. 5. It will be observed 
that the directional milling cutter marks 
shown in the “as-machined” specimen 
have been obliterated by polishing, 


thereby producing a smooth finish at 
the base of the notch. Using an optical 
comparator, under a magnification of 
100X, it was established that the polish- 
ing procedure did not alter the contour 
or size of the notch. 
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Test Equipment and Procedure: 


In conditioning the Charpy specimens 
for tests at various temperatures, several 
pieces of equipment were employed de- 
pending upon the temperature range. 
For the range of +205 to —100F., the 
specimens were conditioned in a liquid 
bath contained in a sheet metal copper 
tank, 12 by 6 in. in cross-section and 7 
in. deep, with 3 in. of insulation on all 
sides, and with a removable top cover. 
The specimens were supported hori- 
zontally at the ends on a rack immersed 
in the liquid. From room temperature 
to +160 F., a water bath was used; for 
temperatures above +160F., glycerol 
was employed and the bath was heated 
by an electric immersion heater. For 
temperatures from room to — 100 F., the 
bath consisted of acetone refrigerated 
by the direct addition of dry ice. For 
tests down to —60F., thermometers 
were used for temperature measurement; 
for lower temperatures, a copper-con- 
stantan thermocouple and potentiom- 
eter were employed, the thermocouple 
bead being soldered into the notch of a 
dummy Charpy specimen. Specimens 
were held at temperature for approxi- 
mately 20 min. and then transferred to 
the impact testing machine using pre- 
cooled tongs. 

For test temperatures ranging from 
—100 to —250F., it was necessary to 
construct special equipment, the design 
of which was based on similar apparatus 
developed by the Esso Engineering De- 
partment of the Standard Oil Develop- 
ment Co., Linden, N.J. However, a 
number of changes in the design and 
mechanical arrangement of the compo- 
nent parts were made in order to improve 
efficiency and operation. The basic 
method consists of boiling liquid nitrogen 
in a coiled tube immersed in a low- 
freezing-point liquid. The Charpy speci- 
mens are placed in the latter, the tem- 
perature of which is brought to some 
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desired value by controlling the amount 

of liquid nitrogen boiled in the tube. 
For the liquid bath, the Standard Oil 
Development Co. utilizes ether for a 
temperature range of —76 to —175F. 
and liquid propane for temperatures of 
—175 to —319 F. In view of the hazards 
involved in handling ether and propane 
in open flasks, the authors substituted 
liquid Freon-12 (dichlorodifluorometh- 
ane) for these media with very satis- 
factory results. However, the lowest test 
temperature is limited by its freezing 
point of approximately —255 F. 

A schematic sketch of the equipment 
is given in Fig. 6. A 50-lb. tank of liquid 
Freon-12, A, supported with its mouth 
in a lowered position, is coupled to a 
copper cooling coil B, contained in a 
stainless steel Dewar flask, C. The latter 
is packed with granulated dry ice, D, to 
completely surround coil B. With valve 
E closed, valve F is opened to permit 
liquid Freon to flow into coil B. The 
purpose of this arrangement is to cool the 
liquid Freon to a temperature below its 
boiling point at atmospheric pressure (ap- 
proximately — 20 F.) so that, when valve 
E is subsequently opened, the Freon en- 
tering Dewar flask G will be in a liquid 
state. The Charpy specimens, H, are 
suspended in the Freon bath by fine cop- 
per wires, J. To bring the Freon bath to 
the desired test temperature, liquid ni- 
trogen J in Dewar flask K is pumped into 
evaporating coil L by means of light air 
pressure controlled by valve M. Except 
for high rates of flow, it is not necessary 
to use external air pressure since, by 
throttling valve M, the pressure of the 
gaseous nitrogen in flask K can be in- 
creased sufficiently to force the liquid 
to the evaporating coil. To minimize the 
danger of developing high pressures 
within flask K, a dead-weight relief 
valve N is provided. The nitrogen boiled 
in coil L is exhausted to the atmosphere 
through tube O. By adjusting valve M, 
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which controls the flow of liquid nitrogen 
fed to the evaporating coil L, the tem- 
perature of the Freon bath may be 
lowered and maintained at the desired 
value. The Freon bath is circulated by 
means of stirrer P operated by air 
motor Q. For temperature measurement, 
the junction of a copper-constantan 
thermocouple R is soldered into the 
notch of a dummy Charpy specimen. 
The thermocouple potential is measured 
by a potentiometer, .S, using a reference 
junction, 7, maintained at 32 F. After 
holding the Charpy specimens at tem- 
perature for approximately 10 min., a 
specimen was lifted to just above the 
Freon bath by means of the copper wire, 
grasped by pre-cooled tongs and then 
quickly transferred to the impact testing 
machine. 

The operation of transferring and 
fracturing a specimen did not require 
more than 2 sec. It is believed that the 
temperature change, if any, during this 
interval would be negligible, and the 
temperature variation between specimens 
tested at the same temperature would 
also be negligible. Specimens were frac- 
tured in a 220 ft-lb. Riehle pendulum- 
type impact testing machine under a 
striking velocity of 18.1 ft. per sec. cor- 
responding to the maximum available 
kinetic energy of the pendulum. The 
construction of this machine conforms 
to A.S.T.M. Methods.’ In order to align 
the notch quickly and accurately with 
respect to the striking edge of the pen- 
dulum, the end of the specimen used as 
the reference point in cutting the notch 
(Figs. 1 and 2) was banked against a 
beveled stop on one of the anvil sup- 
ports. Quintuplicate specimens were 
tested at each of a number of tempera- 
tures so selected as to define the energy- 
temperature relationships. 


Experimental Results: 


1. The energy-temperature curves of 
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V-Notch Charpy Energy Values, ft - Ib. 
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(a) Steel A, medium steel,'! normalized and 


stress relieved. 
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Test Temperature, deg. Fahr. 


(6) Steel B, high-tensile strength steel, nor- 
malized and stress-relieved. 
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(c) Steel C, high-tensile strength steel, 
water-quenched and tempered to a yield 
of 70,000 to 80,000 psi. 


streng’ 


re) | 
-320 -280 -240 -200 460 -I20 -80 -40 O 40 80 


-120 -80 -40 O 40 80 120 I60 200 240 
Test Temperature, deg. Fohr, 


(d) Steel D, S.A-E. 1045, water-quenched and 
tempered to a tensile strength of 105,000 to 
115,000 psi. 


ioe 8.—Summary Graphs Showing Effect of Variations in V-Notch Root I 
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(e) Steel E, S.A.E. 1045, water-quenched and (f) Steel H, S.A.E. 4620, water-quenchedand 
tempered to a tensile strength of 150,000 to tempered to a tensile strength of 105,000 to 
i 


115,000 psi. 
i 
4 
7 90 — 
= 
Root Radius Symbol 
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Test Temperature, deg. Fahr. 


(g) Steel J, S.A.E. 4620, water-quenched and tempered to 
a tensile strength of 150,000 to 160,000 psi. 


Radius, of Charpy Specimens, on Energy-Temperature Relationships for Seven Steels. 
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_ 4 (b) Steel B, high tensile strength steel, normalized and stress relieved. 
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Test Temperature, deg. Fahr. 
(c) Steel C, high tensile strength steel, water-quenched and tempered to a yield strength of 
70,000 to 80,000 psi. 
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(d)_Steel D, S.A-E. 1045, water-quenched and tempered to tensile strength of 105,000 to 115,000 psi. 
fy Fic. 9.—Effect of Variations in Drill Hole’ Size of Charpy 
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(e) Steel E, S.A.E. 1045, water-quenched and tempered toa tensile strength of 150,000 to 160,000 psi. 
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(f) Steel H, S.A.E. 4620, water-quenched and tempered toa tensile strength of 105,000 to 115,000 psi. 
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(g) Steel J, S.A.E. 4620, water-quenched and tempered toa tensile strength of 150,000 to 160,000 psi. 
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V-Notch Charpy Energy Values, 
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(6) Steel D, S.A.E. 1045, water-quenched and tempered to a tensile strength of 105,000 to 115,000 


psi. 


Fic. 10.—Energy-Temperature Relationship Derived from Charpy Tests on Standard 0.010-in. 
Radius V-Notch Specimens Milled with One Cut to Required Depth; Unpolished and Polished 


Conditions. 
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(a) Steel A, medium steel, normalized and stress relieved. 
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(6) Steel D, S.A.E. 1045, water-quenched and tempered to a tensile strength of 105,000 to 115,000 — 
psi. 


Fic. 11.—Comparison of Energy-Temperature Relationships for Standard V-Notch Specimen — 
Milled with Single and Triple Cuts in Unpolished and Polished Conditions. 
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each steel representing the nine varia- 
tions in V-notch root radius and the 
polished 0.010-in. radius notch are pre- 
sented in Fig. 7. 

2. A graphical summary of the curves 
of Fig. 7 is presented in Fig. 8. 

3. Plotted curves showing energy- 
absorption values obtained at various 
test temperatures with the three key- 
hole-notch diameters are given in 
Fig. 9. 

4. Energy-temperature curves derived 
from Charpy tests of steels A and D 
using standard 0.010-in. radius V-notch 
specimens in which the notch was cut 
to the required depth in one step and 
tested ‘‘as-machined” and also after root 
polishing are presented in Fig. 10. 

5. Figure 11 presents a comparison 
of energy-temperature relationships for 
steels A and D using standard 0.010-in. 
radius V-notch specimens in which the 
notches were milled with single and 
triple cuts, and tested in the unpolished 
conditions. 


Nore.—In recording the original data, some 
of the V-notch energy absorption values were 
indicated to be greater than 220 ft-lb. since the 
corresponding specimens absorbed the maximum 
available energy of the pendulum without frac- 
turing completely or passing through the anvil 
supports. This situation occurred only with the 
high-tensile strength steel tested in the normal- 
ized and quenched-and-tempered conditions 
(Codes B and C, respectively). In these in- 
stances, the plotted points in Fig. 7 are marked 
with upward-pointing arrows at the 220 ft-lb. 
level. 


DIscussION OF DATA 


In the following paragraphs, the data 
will be discussed from the standpoint of 
the effect of variations in notch acuity 
and notch finish on the transition tem- 
perature and energy-absorption value. 


Effect of Variations in V-Notch Acuity 
on Transition Temperature: 


From the average energy-temperature 
curve (see Fig. 7), the temperature cor-— 
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responding to half of the maximum en- 
ergy value was taken as the V-notch 
transition temperature. In the case of 
steels B and C, the half-energy value 
was selected arbitrarily at 110 ft-lb. for 
all V-notches, since the upper level of 
the curves was not completely defined 
due to insufficient capacity of the im- 
pact testing machine. 

The transition temperatures, as de- 
fined above, have been plotted against 
the log of the V-notch root radius in the 
upper portion of Fig. 12. For steels A, 
B, and C, it is to be observed that the 
transition temperature was virtually un- 
affected by variations in notch root ra- 
dius ranging from 0.006 to approximately 


0.011 in., and that for root radii greater - 


than 0.011 in., the transition tempera- 
ture decreased with increase in the notch 
root radius. The results obrained on 
steels A, B, and C confirm the findings 
of Bagsar (7) on mild steel. While these 
steels appear to be insensitive to a reduc- 
tion in the root radius below approxi- 
mately 0.011 in., the behavior of steels D, 
E, H, and J did not follow this pattern. In 
these steels, the transition temperature 
decreased continuously with increase in 
notch root radius from 0.006 to 0.021 
in. It may be that the threshold of in- 
sensitivity for steels D, E, H, and J 
occurs at a root radius less than 0.006 in. 
Bagsar’s suggestion, that the insensitiv- 
ity of Charpy test results due to a reduc- 
tion in notch root radius below 0.010 
in. can be utilized for reducing the scatter 
in the results by specifying the root 
radius dimension to be 0.010. +0.000, 
—0,.005 in. would not, therefore, appear 
to be universally applicable to all steels. 
In this connection, it is interesting to 
note that steels A, B, and C (medium 
and high-tensile strength) represent ma- 
terial of lower tensile strength than 


steels D, ae H, and J. 
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Effect of Variations in V-Notch Acuity on 
Energy-Absor ption: 


From the group of energy-temperature 
curves representing each steel and em- 
bracing variations in V-notch root radius 
of 0.006 to 0.021 in., three temperatures 
corresponding to high, intermediate, 
and low energy levels were selected. 
Ene gy values at each selected tempera- 
ture were then taken from the average 
energy-temperature curves. The values 
so obtained have been plotted against 
the log of the V-notch root radius 
in the lower portion of Fig. 12. In the 
case of steels B and C, no energy values 
are shown for a “high” temperature 
since, as previously indicated, the 
upper level of the curves for these steels 
was not adequately defined (see Note 
on p. 640). Considering the “high” and 
“low” temperatures corresponding to 
regions above and below the transition 
zone, respectively, it is to be observed 
that the energy-absorption value shows, 
in general, a continuous but small in- 
crease with increase in the notch root 
radius. For steel B, the energy value for 
the “low” temperature shows an abrupt 
increase for root radii greater than 0.015 
in. Examination of the individual energy- 
temperature curves fo this steel indicates 
that the abrupt increase is due to the 
fact that the selected “low” temperature 
of —110 F. falls within the transition or 
scatter region of the energy-temperature 
curves for the 0.017- and 0.021-in. 
notches. In regard to the “‘intermediate”’ 
temperature which falls within the transi- 
tion region (Fig. 12), it is to be observed 
that, for steels D, E, H, and J, the energy 
value shows a continuous but relatively 
small increase with increase in notch root 

eradius, which is in line with the corre- 
sponding decrease in transition tempera- 
ture. In the case of steels A, B, and C, 
the energy value is at first relatively 
constant for an increase in notch root 


radius up to approximately 0.011 in. and 
then increases with further increase in the 
root radius. The relatively sharp increase 
in the energy value for notch root radii 
greater than approximately 0.011 in., 
as compared to other steels, is due to 
the greater steepness of the energy- 
temperature curves of the former steels 
as compared to those of the latter. It is 
to be noted particularly that the energy 
change with increase in notch root 
radius at the selected “intermediate” 
temperatures for steels A, B, and C 
closely parallels the corresponding 


change in the transition temperature. 


Effect of Variations in Keyhole Diameter 
on Transition Temperature: 


Defining the transition temperature 
on the basis of the value corresponding 
to half of the maximum energy level wa- 
not applied to the keyhole energys 
temperature curves since several did not 
extend to sufficiently low energy levels. 
Accordingly, the transition temperature 
for all keyhole notch sizes of the same 
steel was taken at an energy level on the 
average energy-temperature curve ap- 
proximately midway between the maxi- 
mum and minimum energy values. 

The transition temperatures, as de- 
fined above, have been plotted against 
the keyhole diameter in the upper 
portion of Fig. 13. With a few exceptions, 
which may be attributed to experimental 
variations, it is to be observed that an 
increase in the hole diameter resulted in 
a decrease in the transition temperature. 
A change, either way, of one drill size 
number from that of the No. 47 did not 
greatly affect the transition temperature 
of steels A, B, C, H, and J, the maximum 
deviation being 10 F. While a reduction 
in the hole size (No. 47 to 48) likewise 
had no great effect on the transition 
temperatures of steels D and E, an in- 
crease from No. 47 to 46 resulted in a 
considerable decrease in the transition 
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temperatures of these steels. The authors 
are unable to offer any satisfactory 
explanation for this behavior, especially 
since they expected the keyhole notch 
to be relatively less sensitive than the 
V-notch to comparable variations in 
notch acuity. 


¢ 


Effect of Variations in Keyhole Diameter 
on Energy-Absorption: 


As in the case of the V-notch, energy 
values were selected from the average 


A = 
gO OD EB CH 


energy absorption values as affected by 
polishing the root of the standard 0.010 
in. radius V-notch are shown graphically 
in Fig. 14. In this graph, the steels have 
been arranged from left to right in order 
of decreasing transition temperature for 
the “‘as-machined” notch. In all cases, 
the transition temperature of the 
polished-notch specimens is the same as, 
or somewhat below, that of the un- 
polished notch. In general, it is to be 
noted that the effect of polishing on the 
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Solid points are for polished notch; open points are for unpolished notch. 


energy-temperature curves at tempera- 
tures corresponding to high, inter- 
mediate, and low levels. The values have 
been plotted against the hole diameter 
in the lower portion of Fig. 13. It is to be 
observed that the energy values are only 
slightly sensitive to changes in keyhole- 
notch diameter ranging from 0.076 to 
0.081 in. 


Effect of Polishing Root of Standard 
0.010-in. V-Notch on Transition Tem- 


perature and Energy-Absorption: 


The transition temperatures and 


AVE SGA 


Steel Code 
Fic. 14.—Effect of Polishing Root of Standard 0.010-in. Radius V-Notch on Transition Tempera- 


transition temperatures and energy 
values is slight, as indicated by the close 
proximity of the polished and unpolished 
notch “‘curves.”’ 


Effect of Single versus Triple Cuts in 
Machining V-Notch: 


In the work previously discussed, the 
V-notches were all cut to the required 
depth in three stages, namely, two 
roughing cuts and a final finishing cut. 
In the case of steels A and D, an ad- 
ditional series of standard 0.010-in. 


radius V-notch specimens was prepared 
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in which the notch was cut to the re- 
quired depth in one step, and tested in 
the “as-machined” condition and also 
after polishing the root of the notch. 
A comparison of the average energy- 
temperature curves obtained with single- 
and triple-cut V-notch specimens, 
polished and unpolished, is presented 
in Fig. 11 for steels A and D, respec- 
tively. The results obtained with single- 
cut notches, tested ‘‘as-machined” and 
also after polishing, were so closely 
alike that a single energy-temperature 
curve served to define the behavior in 
both conditions. This confirms previous 
indications that polishing the base of 
the V-notch appears to exert little in- 
fluence on the test results. Figure 11 also 
indicates no pronounced differences in 
the behavior of these steels when the 
notch is cut in one step as compared to 
three cuts, judging by the close prox- 
imity of the various energy-temperature 
curves. 


Suggested Tolerances for Specimen Dimen- 
sions: 


1. V-Notch Root Radius.—The results 
of the investigation point to the need 
for applying tolerances to the root radius 
dimension of the standard V-notch 
which is currently specified in A.S.T.M. 
Method E 23 as 0.010 in. Since some 
steels are insensitive to a reduction in 
the root radius below approximately 
0.011 in., the authors are of the opinion 
that the tolerance should be largely 
in the negative direction but that it 
should be limited to —0,.002 in. rather 
than —0,.005 in. as proposed by Bagsar 
(7) and that the tolerance in the positive 
direction should be relatively small. 
With a proposed specification for the 
notch root radius of 0.010 +0.0005, 
—0,.002 in. the transition temperatures 
of the steels investigated would show a 
maximum deviation of approximately 
10 F. from the value obtained with the 


0.010-in. radius notch, on the basis of | 
the average curves included in Fig. 12, 
In the case of insensitive steels, such as 
A, B, and C, the deviation would be _ 
practically negligible. Furthermore, it = 

evident from Fig. 12 that variations in _ 7 
the V-notch radius within the suggested _ 
tolerances would not appreciably affect | 
the energy-absorption values. 

2. Hole Diameter in Keyhole-Notch— 
The results indicate that, when the 
diameter of the hole is 0.003 in. less 
than or 0.002 in. greater than the speci- 
fied dimension of 0.079 in., the transi- 
tion temperatures and, particularly, the 
energy-absorption values of the steels 
investigated do not, in general, deviate 
greatly from results obtained with the 
standard 0.079-in. diameter notch. In 
the case of one steel (Codes D and E), the 
increase in notch diameter appreciably 
affected the transition temperature with- 
out materially influencing the energy- 
absorption value. In view of the be- 
havior of steel Codes D and E, the 
authors believe that the tolerance for the 
hole diameter should be largely in the 
negative direction and accordingly sug- 
gest that the diameter of the drilled 
hole be specified as 0.079 +-0.001 —0.003 
in. 

3. Section Thickness Beneath Notch— 
While the authors were concerned pri- 
marily with establishing tolerances for 
the standard V-notch root radius and 
keyhole diameter, they wish to comment 
on this specimen dimension in view of 
the fact that no tolerance is included in 
A.S.T.M. E 23 for the latter. It is believed 
that a tolerance should be applied to 
this dimension since one of the dimen- 
sions defining the fracture area, namely, 
the 0.394-in. width, carries a tolerance 
of +0.001 in. For the section thickness 
beneath the notch, the authors wish to 
suggest that this dimension be specified 
as 0.315 +0.001 in. for the V-notch 
specimen and 0.197 +0.002 in. for the 
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-keyhole-notch specimen. A somewhat 


beneath the notch be specified as 0.315 
_ wider tolerance has been indicated for 


+0.001 in. for the V-notch and 0.197 


the keyhole-notch since it is difficult to 
drill the hole without introducing some 
lack of parallelism between the axis of 
_ the hole and the bottom surface of the 


Data on the effects of small variations 
in notch root radius of standard Charpy 
_ \V- and keyhole-notch specimens on the 
transition temperature and energy ab- 
- sorption level of a number of steels have 
_ been presented and discussed from the 
standpoint of establishing the need for 
_ dimensional tolerances, for which no 
_ standards exist at the present time. In 
- addition, data have been included to 
— illustrate the effects of polishing the root 
of the standard 0.010-in. radius V-notch 
and of machining this notch in single 
_ and multiple cuts. 

The results of the investigation pointed 
to the need for specifying tolerances for 
the root radius dimension of the stand- 

ard V-notch and the hole diameter 

- dimension of the standard keyhole- 

notch. The authors have recommended 
- that the root radius of the V-notch be 

specified as 0.010 +0.0005 —0.002 in. 
and the hole diameter in the keyhole- 
~ notch as 0.079 +0.001, —0.003 in. In 
_ addition, their experience in preparing 
approximately 4250 Charpy specimens 
for this investigation indicated that 
existing requirements for other dimen- 
sions of the Charpy specimen, as speci- 
fied in A.S.T.M. Method E 23 — 47 T, are 
adequate and require no modification, 
with one exception, namely, the section 
thickness dimension beneath the notch 


+0.002 in. for the keyhole notch. 

In regard to polishing the root of the 
standard 0.010 in. radius V-notch, the 
data indicate, in general, no significant 
differences in transition temperature or 
energy absorption level between “as- 
machined” and polished notches, and the 
same was found to be true when the 
notch was machined to the required 
depth in a single cut as compared to 
multiple cuts. 
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In this connection, the authors have 


recommended that the section thickness 


the authors’ equipment for conditioning 
Charpy specimens for tests at low tem- 
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LUSSION 


Mr. Josepu H. should like 
to ask a question. What method was 
used in the killing of the steel? Was it 
silicon or aluminum killed? 

Mr. E. A. Impempso (author)—All 
steels, except the medium steel, were 
fully killed with silicon. The medium 
steel was semi-killed. 

Mr. SHaw—Was a residual silicon 
content specified? 

Mr. Impempo.—It was not specified 
in the case of the medium and S.A.E. 
1045 steels. The residual silicon content 
of these steels was approximately 0.04 
and 0.22 per cent, respectively. The 
silicon content of the high-tensile and 
S.A.E. 4620 steels was specified to be in 
the range of 0.15 to 0.35 and 0.20 to 
0.35 per cent, respectively. 

Mr. Sam Tour.*-——I think the authors 
should be congratulated on the quality 
of the work they have done. I should 
like to ask a couple of questions. One is 
with reference to using the highest pos- 
sible velocity on the 220 ft-lb. impact 


1 Engineering Dept., E. I. du Pont Nemours & Co. 
Inc., Wilmington, Del. 
the Board, Sam Tour and Co., Inc., 
New York, N. 


machine. If you use the lower velocity 
as for the 110 ft-lb. capacity, would you 
find the same sensitivity or less sensi- 
tivity to these minor changes in notch 
acuity? 

All of the steels tested had been heat 
treated to attain maximum impact 
properties at low temperatures. If the 
impact testing is on steels that are not 
so tough and with a higher hardness 
level, is it necessary to go to all these 
refinements? 

That it is possible to machine a V- 
notch to 0.010 in. + 0.0005 in. — 0.002 
in. does not constitute a necessity to hold 
to those close dimensions unless wide 
variations in results can be attributed 
directly to such dimensional variations. 

Why specify such very close tolerance 
on depth of notch and size of keyhole 
when, as a matter of fact, the results 
have a wide spread irrespective of fine 
controls on dimensions? 

Mr. ImpemBo.—tIn regard to Mr. 
Tour’s first question, we were compelled 
to use the maximum striking velocity of 
18.1 ft. per sec. corresponding to the 220 


\ 


@ 
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ft-lb. copacity since in four of the seven 
conditions of heat treatment, the V- 
notch specimens required breaking en- 
ergies considerably above the 110 ft-lb. 
level. In the case of the keyhole-notch 
specimens, the energy values for all 
steels were below 110 ft-lb. and these 
specimens, therefore, could have been 
fractured at a lower striking velocity. 
However, for comparative purposes, it 
was considered desirable to use the same 
striking velocity throughout, and, ac- 
cordingly, all tests were made under a 
velocity of 18.1 ft. per sec. 

In reply to Mr. Tour’s second ques- 
tion, we did not heat treat the steels 
with a view of attaining maximum im- 
pact properties at low temperatures. 
The objectives of the heat treatment 
were to homogenize the steels for better 
reproducibility of results and to develop 
tensile strength levels ranging from 
60,000 to 155,000 psi. which encompass 
the usual range of tensile strength en- 
countered in constructional engineering 
steels. As it developed, some of the steels, 
when subjected to V-notch tests, ex- 
hibited very high energy-absorption 


— levels at test temperatures above the 


transition region, requiring practically 
the full 220 ft-lb. capacity of the testing 
machine to fracture. Other steels showed 
V-notch energy-absorption values in 
the range of 75 to 150 ft-lb. when tested 
above the transition temperature region. 
However, our analysis of the data from 
the standpoint of establishing tolerances 
for the root radius of the V- and key- 
hole-notches was based on a considera- 
tion of the energy-absorption charac- 
teristics of the steels at temperatures 
above, within, and below the transition 
temperature region. In the case of the 
latter, we are in effect dealing with mate- 
rial of low toughness, the behavior of 
which might be considered comparable 
to those of “steels that are not so tough 
and with a higher hardness level’. 
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With respect to steels of the type 
covered by our investigation, we believe 
that the data justify the establishment 
of the tolerances suggested by the au- 
thors for the root radius of the standard 
V- and keyhole-notches. It is believed 
that the exclusion of tolerances would 
result in rather wide variations in the 
energy values and transition tempera- 
tures. 

Mr. Tour.—The authors have stated 
that they were working with impact 
values of approximately 200 ft-lb. That 
is not the normal impact value of 
structural steels. There are many struc- 
tural steels in use with impact values 
on the order of 30 to 40 ft-lb. When 
dealing with the 30 or 40 ft-lb. impact 
value on Charpy tests, these fine varia- 
tions may not have so large an effect. 
In fact, they do not. But it is proposed 
that in all impact testing in any range— 
not in the 100 ft-lb. or higher range, but 
in all ranges—specification of fine di- 
mensions and controls be made. 

It was stated that there are no speci- 
fications at present, yet there is a speci- 
fication on one radius. There is no tol- 
erance on that and the authors ask for 
+0.0005 and —0.002 in. tolerance on 
that radius. In addition they propose a 
very close tolerance on the depth of the 
notch. 

They have not shown that the depth 
of the notch is of importance at all. 
When impact values drop to 30 ft-lb., 
the depth of notch has less effect. 

Mr. Impemso.—The authors did not 
investigate the effects of variation in 
depth of metal beneath the notch. It was 
felt that since the A.S.T.M. has imposed 
a tolerance for the fracture width, cer- 
tainly, by the same token, a tolerance 
should be applied to the other dimension, 
both of which define the fracture area. 
Otherwise, there would be no particular 
point in applying a tolerance to the 
width of the: specimen. 
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THE FATIGUE STRENGTH OF STEEL THROUGH THE RANGE FROM 


4 TO 30,000 CYCLES OF STRESS* 
By M. H. WEIsMAN! AND M. H. Kaptan! on 


SYNOPSIS 


Relatively few fatigue tests reported in the literature include data for life- 
times of less than 50,000 cycles. Data from these reports were compiled and 
have been replotted in terms of life versus stress in per cent of tensile strength, 
Uni-directional axial load and sheet bending fatigue tests were conducted to 
obtain short-life fatigue data for S.A.E. 4340 steel heat-treated to 215,000 psi. 
tensile strength. Fatigue strength curves based on the information compiled 
are presented for both smooth and notched specimens and for uni-directional 
as well as for reversed loading. The axial load S-N curve for the stress range 
zero to maximum stress is complete from 4 cycle to the endurance limit. The 
S-N curves for other types of testing are complete from about 1500 cycles to 


the endurance limit. 


’ The use of fatigue data, until recently 
limited to the analysis of service failures, 
is now finding recognition in the fields of 
aircraft, automotive and machine de- 
sign. In these fields a more accurate 
knowledge of operating conditions com- 
bined with improved methods of stress 
analysis make it possible to design for 
a desired life expectancy. 

Most often, in automotive and ma- 
chine design the life expectancy will 
range from several hundred thousand 
cycles to many million cycles of critical 
stress. For the design of some types of 
military aircraft, however, the life ex- 
pectancy of a number of components is 
less than 50,000 cycles of critical stress. 
Mechanisms such as those which extend 
landing gears, operate bomb bay doors 
or control wing flaps receive only limited 
usage during the entire life of an air- 
plane. In these cases, to require an 
infinite life for maximum loading could 


* This paper was presented at the Session on Fatigue 
of Metals held at the First Pacific Area National Meeting 
of the Society, San Francisco, Calif., October 10-14, 1949. 
1 North American Aviation, Inc., Los Angeles, ‘Calif. 


mean an unnecessary size and weight 
penalty. 

In the past, aircraft designs normally 
have afforded adequate fatigue strength. 
Reported fatigue failures have been few | 
in proportion to all known aircraft 
failures. Current design trends, however, | 
increase the possibility of fatigue failure 
by producing greater dynamic loading. 
Thus, the consideration of the effect of © 
repeated stress is becoming an increas- 
ingly vital part of design (19).? Though 
there is extensive information on the 
subject of fatigue available in the ~ 
literature, it must be properly arranged 
and correlated before being useful for 
design purposes. 

Relatively few fatigue tests reported - 
in the literature include data for life- 
times of less than 50,000 cycles of stress. 
Hartman and Stickley (1) investigated © 
the fatigue properties of the aluminum © 
alloy 17S-T from 4} cycle to 75,000 
cycles of stress. A few reported fatigue 


? The boldface numbers in parentheses refer to the list 
of references sai to this paper, see p. 664. ‘ 
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tests of steel abate on for lifetimes 
as short as 10,000 stress cycles. Other- 
wise, most fatigue strength curves for 
steels begin in the region of 50,000 stress 
cycles and extend to the endurance limit 
beyond 10,000,000 stress cycles. It is 
believed that useful engineering informa- 
tion, particularly for application to air- 
craft design, would be provided by 
determining the characteristics of the 
short-life high stress portion of the 
S-N curve. 


Chomfer 45% 
Thd = i- IGNF-3- 


Axial Load Specimen. 


No.!7 Drill 
2 Holes 
(b) Flexure Specimen. 


Fic. 1.—Dimensions of Fatigue Test Specimens. 


SCOPE 

This paper presents a compilation of 
that portion of the published fatigue 
tests on steel which include data for 
lifetimes of less than 50,000 cycles. 

In addition, test results which provide 
data for the range of life 4 to 30,000 
cycles are presented for steels heat 
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treated to 200,000 psi. tensile strength. : 
Axial loading and flexural fatigue tests 
of unnotched specimens were conducted 
at the stress range R = 0; that is, from 
zero stress to maximum tensile stress. 


DESCRIPTION OF SPECIMENS 


The axial loading fatigue test speci- 
mens, Fig. 1(@), were machined from a 
1j-in. diameter bar of annealed S.A.E. 
4340 steel. The steel was electric furnace 
aircraft quality produced to Army-Navy 
Aeronautical Specification AN-QQ-S- 
756a and Amendment No. 1, dated 
March 15, 1945. The flexural fatigue 
test specimens, Fig. 1(b), were machined 
from a 7-in. thick plate of S.A.E. 4337 
steel, produced to S.A.E. Aeronautical 
Material Specification AMS 6359, dated 
December 1, 1942. The chemical compo- 
sition of the two steels is given in Table 
I and the physical properties in Table 
II. 

The test specimens were rough ma- 
chined within 0.030 in. of the finished 
dimensions and then heat-treated as 
follows: heated in a controlled atmos- 
phere furnace at 1570 F. for 1 hr., oil 
quenched, then tempered in an air 
furnace at 800 F. for 2 hr. to the 
hardness given in Table II. During heat 
treatment, all specimens were suspended 
vertically in a fixture in order to minimize 
distortion. After heat treatment, the 
specimens were finish ground and hand 
polished. Final hand polishing of the 
reduced sections of both types of speci- 
mens was done with fine emery paper 
in such a manner as to eliminate any 
circumferential marks from the axial 
specimens and to break the sharp edges 
of the flexural fatigue specimens. All 
specimens were magnetically inspected 
prior to testing. No defects were found. 

Axial loading test specimens were also 
machined from a 13-in. diameter S.A.E. 
4140 steel bar and from a 5 by 5-in. 
S.A.E. 4140 steel forged billet. 
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DESCRIPTION OF EQUIPMENT 


Axial-Loading Tension Fatigue Tests: 


The fatigue testing machine used for 
the axial-loading series of tests had been 
designed and constructed for the fatigue 
testing of high-strength bolts. This tester, 
shown in Fig. 2, was of the hydraulic 
type, with a ram area of 38.8 sq. in. and 
a rated capacity of 40,000 lb. The ma- 
chine was driven by a 5-hp. electric 
motor coupled to a Vickers vane-type 
high-pressure hydraulic pump capable 
of delivering fluid at variable pressures 
up to 2000 psi. The on-and-off loading 
mechanism consisted of a Vickers Selec- 
tor Valve operated by a }-hp. Boston 
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was used for calibrating and checking 
purposes but was not left on the machine 
during the course of the test. 


Flexural Fatigue Tests: 


The flexural fatigue tests were con- 
ducted on a specially designed machine 
with which repeated-bending loads were 
imposed on the specimen by dead weights 
through a cam-actuated cable system. 
The cable system, shown in Fig. 3 was 
composed of a harness and a main cable 
which joined the harness to the weight 
pan. The harness consisted of a central 
chain and two external flexible cables, 
the terminals of which were securely 
attached to two steel yokes. On the for- 


TABLE I.—CHEMICAL COMPOSITION OF STEELS TESTED. 


Chemical Composition, per cent 


Form 


Silicon | Sulfur 


Phos- | Chrom- 


phorus} ium Nicke! | Molyb-| Cop- 


denum per 


14-in. diameter bar 
%-in. thick sheet 
Forged billet 

1%-in. diameter bar 


0.024 
0.019 


0.018 
0.025 


0.32 


@ From paper by Van Camp (22). 


Ratiomotor geared down to a speed of 
50 rpm. A mechanically-actuated counter 
recorded the number of load cycles. 
Automatic switches stopped the machine 
when a specimen failed. The operation 
of the selector valve was adjusted so 
that full loading and unloading were 
accomplished in each cycle without over- 
travel or surge while loading or undue 
impact during unloading. 

The machine was calibrated with 
special strain-gaged fixtures. It was found 
that load values could be computed with 
sufficient accuracy by multiplying the 
observed fluid pressure by the ram area 
and then correcting for the dead weight 
of the platens and fixtures. No hydraulic 
surges or inertial effects due to the weight 
of the platens were observed during the 
calibration tests. 

The master test gage shown in Fig. 2 


TABLE II.—PHYSICAL PROPERTIES OF STEELS 
TESTED. 


Yield 


Strength, Elonga- 


tion in 
2 in., 
per cent 


Tensile 


S.A.E. Steel (Strength, 


4340 bar = 
4337? sheet .0 
4140? billet 12.0 
4140 b 


a Axis of specimen perpendicular to direction of roll- 
ing. 
6 From paper by Van Camp (22). 


© Tensile strength value converted from Rockwell 
hardness. 


ward stroke of the cam, the external 
flexible cables slackened and the full 
load of the weights was applied to the 
specimen through the central chain; on 
the backward stroke, the external cables 
lifted the weights until the specimen was 
completely unloaded as evidenced by the 
slackening of the central chain. In this 
manner, the full load of the weights was 


23 


e. 
bon | ganese 
4340 0.41 0.74 82 2.00 0.30 
4337 0.37 0.72 } 0.79 1.89 0.24 bie te 
4140° 0.38 | 0.92 | 1.02 | 0.1 0.22 | 0.1 
41407 0.40 0.79 0.97 0.22 
ell 
pe: 
cent off ss, C 
set, psi cale 
43.5 
42.5 
42.0 
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alternately applied and then removed 
from the specimens during each rotation 
of the cam even though permanent de- 
formation of the specimen had taken 
place. The cam was driven by a 3-hp. 
Boston Ratiomotor geared down to a 
speed of 35 cpm. A mechanically-actu- 
ated counter recorded the number of 
load cycles and an automatic switch 
stopped the machine when the specimen 
failed. 
TEST PROCEDURE 

Tension Tests: 


The static tension test of the S.A.E. 
4340 steel was made on one of the 
specimens prepared for the axial load 
fatigue tests. Tension test specimens 
for the S.A.E. 4337 steel were machined 
from the base sections of two flexural 
fatigue test specimens. A  20,000-Ib. 
capacity Riehle testing machine was 
used for these tests. Yield strength was 
determined from the stress-strain dia- 
gram by the 0.2 per cent offset method. 


Axial Load Fatigue Tests: 


The axial load fatigue tests were per- 
formed on the bolt testing machine 
(Fig. 2) described previously. Special 
fixtures were used to insure specimen 
alignment during testing. The maximum 
stress level for the first test was 211,200 
psi., or 98 per cent of the tensile strength 
of the material. The stress range for all 
tests was from zero to maximum tensile 
stress. Thereafter, the maximum stress 
was progressively reduced for each 
successive test so as to obtain adequate 
coverage of the life range under investi- 
gation. Test Nos. 3 and 4 were both run 
at approximately the same stress level 
in order to check the reproducibility of 
the results. 


Flexural Fatigue Tests: 


Six fatigue specimens were tested on 
the flexure fatigue machine (Fig. 3) de- 


scribed earlier. The specimens were sub- 
jected to repeated uni-directional 
bending loads, the maximum outside 
fiber stresses applied ranged from 186,000 
to 208,500 psi. No reversal of stress was 
applied; that is, the specimen was loaded 
to the maximum stress and then allowed 
to return to zero stress before being 
loaded again in the same direction. Com- 
plete removal of the load during each 
cycle permitted the specimen to return 
to zero stress, despite varying amounts 
of permanent deformation. 

The flexural fatigue specimens were 
mounted securely to the fatigue machine 
by means of two angle plates. A special 
loading fixture was bolted to the top of 
each specimen. The load was applied to 
the specimens by a cable system, one 
end of which was attached to a pin in the 
loading fixture and the other end at- 
tached to the weights (Fig. 3). 

The calculated maximum outer fiber 
stress, uncorrected for plastic bending, 
for the first flexural fatigue test speci- 
men was 264,500 psi. When corrected 
for bending in the plastic range by the 
method of Cozzone (24) (using a shape 
factor of 1.5), the maximum stress 
(Sz) was 186,000 psi., or 88.1 per cent 
of the ultimate tensile strength. Test 
No. 2 was run at the same stress level to 
check the reproducibility of the results. 
The test stress level was increased to 
191,500 psi. (275,000 psi. calculated) for 
test No. 3 and to 195,500 psi. (281,500 
psi. calculated) for test No. 4. Test 
No. 5 was run at 198,500 psi. (286,000 
psi. calculated) to check the results of 
test No. 4. Test No. 6 was run at a 
stress level of 208,500 psi. (298,500 psi. 
calculated). 

The test stress values noted as “cal- 
culated” were determined by the equa- 
tion 
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corrected for errors (other than plastic 
bending) due to the deflection of the 


The calculated outer fiber stress for 
specimen Nos. 1, 4, and 6 was determined 
in the following manner. A piece of white 


TABLE III.—RESULTS OF FATIGUE TESTS OF 
STEEL SPECIMENS LOADED AXIALLY FROM 
ZERO TO MAXIMUM TENSION STRESS (R = 0). 


Tensile 
Strength 


Maximum di- 
Stress, psi 
Cycles to 


0.330 18 450 


0.332) 18 250 
0.328] 17 400 
0.324) 16 900 
0.320} 17 500 
\0.332| 17 100 
0.329) 16 500 
10.327| 16 000 
0.327) 15 500 
10.333) 15 000 
|0.331| 13 290 
|0.331| 13 290 


215 700 |100.0 
211 200 | 97.9 


+ 
. FO?.. 


80.0 | 37 468 


No. BS6# 0.331| 13 290 : 
No. BS6L4..| 4140° |0.331 13 290 | 80.0 | 30 379 


* Tensile test specimen. 

> Longitudinal specimens from forged billet. 

© Specimens from 1%-in. diameter bar. 

d —_ paper by Van Camp (22). 

If the specimen deflection was small, 
weights of 257.5 lb., 275.9 lb., and 303.4 
lb. would produce maximum calculated 
outer fiber stresses of 280,000 psi., 
300,000 psi., and 330,000 psi., respec- 
tively. The specimen deflection was of 
such magnitude, however, as to render 
inaccurate calculations based solely on 
Eq. 1. The method of calculating the 
deflection correction is given below. — 


paper with a backing support was 
placed alongside the specimen and a 
tracing was made of the edge outline in 
the no-load position, Fig. 4. Weights of 
257.5, 275.9, and 303.4 lb. were placed 
on the load pan in this order, and a 
tracing of the deflection curve in. the 
specimen outline was made for each 
weight position. The accuracy of the 
tracings was checked by direct measure- 
ment of the horizontal and vertical 
movement of the loading pin for each 
load position, Fig. 4. 

Using the tracings, a line was con- 
structed tangent to the outer (tension) 
side of the specimen at the break point 
(Fig. 4). One component, L, of the load, 
F, was drawn parallel to the tangent 
line, and the other component, P, was 
drawn perpendicular to the tangent line. 
The direction of application of the force, 
F, was, drawn for each load by con- 
structing a straight line from the speci- 
men loading pin to the cable-support 
pulley of the fatigue machine (Fig. 3). 
The distances, x, and y, and the angle, 
a, were then determined from the 
tracing by measurement. The corrected 


( b 
a 
st 
Fic. 4 it for Calculation of Corrected Stress for Flexure Fatigue Tes 
S.A.E. 
] No a 
No 
No 248 
No 226 
No 02100 | 93.8 | 1968 
N 97 500 | 91.7 | 6517 
No 94100 | 90.0 | 9770 
N 90 $00 | 88.4 | 11 476 
N 84 600 | 85.6 | 17 816 
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bending moment at the location of Therefore, 


failure, My, due to the force, F, is the 
summation of the moments of the 
components, L and P: 


M, = Mp — Mi 
M, = yF sin a — (x-c) F cosa 


y = moment arm of component P and 
x-¢ = moment arm of component L to 
neutral axis of specimen. 


where: 


The corrected bending stress (Smax) is 


Mic 


= [yF sin a — (x — ¢)F cosa] Hi . (2) 


Smax 


The location of failure of all specimens 
was approximately the same distance, 
124 in., from the base of the specimen. 
At this location the width of the speci- 
men was 1.30 in. and the cross-sectional 
area, A, was 0.130 sq. in. The resulting 
section modulus was: 


Therefore, 


Flysina — (x c) cos a] 
0.00217 (4) 


Finally, the axial tension stress, Sr 
due to the component of force, L, parallel 
A 
was added to Smax to obtain the maxi- 
mum corrected outer fiber stress, S,, at 
the point of failure: d 


to the specimen at the break: Sr = 


So = + Sr 


: _ Fly sina — (x — c) cos a] 


The results of the axial-loading fatigue 
tests at loads of 80 to 100 per cent of 
the static tensile strength are presented 
in Table III and are plotted in Figs. 6 
and 9. The results of the sheet bending 
fatigue tests at loads of 88.1 to 98.9 per 
cent of the static tensile strength are 
presented in Table IV and are plotted 
in Figs. 6 and 7. The specimens tested 
in the axial-loading fatigue tests and in 
the flexural fatigue tests are shown in 
Figs. 11 and 12, respectively. 

A review of the literature disclosed 
few reports of fatigue tests of steel which 
presented data for fatigue lifetimes of 
less than 50,000 stress cycles. The data 
from these few reports were compiled 
and are presented in Figs. 5 through 10 
in terms of life versus stress in per cent 
of static tensile strength, rather than 
life versus actual applied stress. By this 
means, it is possible to compare separate 
tests wherein the test method and heat 
treatment differ. Curves based on the 
information compiled are presented for 
both smooth and notched specimens, and 
for uni-directional as well as completely 
reversed loading. The experimental data 
obtained in this investigation are plotted 
with corresponding test data from the 
literature. In the case of the axial loading 
tests, the resultant curve is complete 
from the static tensile strength to the 
endurance limit for the stress ratio of 
zero (R = 0). The curves for the other 
types of testing are complete from about 
1500 cycles to the endurance limit. 


DISCUSSION 
The primary object of this investiga- 
tion was to determine the shape of the 
S-N curves for steel for the life range 
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$ to 30,000 cycles of stress. It was felt, comparison of test results for steels of 
however, that presentation of the S-N different tensile strength values and 
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Fic. 5.—Relationship of Fatigue Strength to Life from a Compilation of Axial Loading Test 
Results (Reversed Stress, R = —1.0). 
(Refer to Table V for tensile properties of steels tested.) 


150 
Y 
80 Minimum Stress 
Moximum Stress 
2 
2 so-—— Tl Cantilever Bending 
= 
$40 
E 
3 
E 
520 
= 1 10 100 1000 10 OOO 100 000 
: Cycles 


Fic. 6.—Comparison of Uni-directional Axial Loading and Flexure Fatigue Tests. es 


curves complete to the endurance limit different heat treatments. Thus, an- 

would aid in interpretation of the results. nealed, normalized, and _hot-finished 
The presentation of fatigue data in steels can be compared with quenched- 

this paper in terms of life versus stress and-tempered steels. 

in per cent of tensile strength permits The authors believe that any conclu- 
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sions based on the type of data compiled data but no single value which fits 


in this paper can be only of a general 
nature. It must be remembered that 


exactly the specific use he has in mind. 
Laboratory fatigue data must be cor- 


TABLE IV.—RESULTS OF SHEET-BENDING FATIGUE TESTS OF SAE. 4337 STEEL SPECIMENS 
UNDER UNI-DIRECTIONAL LOADING (R = 0). 


Uncorrected 
f Calculated | Corrected | Corrected | Ratio of ‘ 
Bending | Calculated | Maximum | Sg to |Cyclesto| Cycles 
Specimen Stress, Bending |Outer Fiber; Tensile nitial | to Final 
Mc Stress, Stress, | Strength,} Crack | Failure 
— [T° So, psi. SB, psi. per cent 
psi. 
257.47 280 000 264 500 186 000 88.1 8125 
257.47 280 000 264 500 186 000 88.1 6000 6450 
266.68 291 000 275 000 191 500 90.8 4200 5000 
275.86 300 000 281 500 195 500 92.7 4400 5330 
280.76 306 000 286 000 198 500 94.0 4150 4640 
303.45 330 000 298 500 208 500 98.9 500 38007 


* Test stopped before specimen failed completely. 


TABLE V.—TENSILE PROPERTIES FOR DATA PLOTTED IN ey 5. COMPILATION OF AXIAL LOADING 


FATIGUE TESTS (R = —1.0). 


Minimum Stress 


Maximum Stress “ae 
Yield El 
SAE Tensile Strength, tion in Ref- 
Symbol Steel Form Strength, 0.2 per 2 in Hardness Type of Notch er- 
psi. cent off- per cent ence 
set, psi. 
4120 20-mm. Diame- 87 000 72 000 29.6 181 BHN | 60-deg. V-Notch 
ter Bar 0.020-in. deep, 
0.004-in. root 
radius 
4120 114 000 95 000 21.8 234 BHN 
4120 136 000 121 000 18.7 278 BHN 
4130 30-mm. Diame- 131 000 112 500 13.8 273 BHN (7) 
ter Cast Bar 
6130 30-mm. Diame- 92 000 59 000 29.5 195 BHN 
ter Bar 
6130 108 500 98 000 22.8 232 BHN 
6130 140 000 126 000 18.5 300 BHN 
6150 30-mm. Diame- 131 000 114 500 18.7 269 BHN 
ter Bar 
6150 131 500 119 000 20.3 279 BHN 
6150 198 000 184 000 10.9 399 BHN 
5135 30-mm. Diame- 140 000 123 000 17.3 296 BHN 
ter Bar 
HT-50 | %-in. Diameter 66 500 48 600 32.0 135 BHN | None (3) 
ar (As rolled) 
4340 a" 7 Diameter 150 400 133 100 18.2 322 BHN 
ar 
1045 Unknown 102 000 207 BHN | None (14) 
1072 Unknown 168 500 332 BHN 


laboratory fatigue tests are designed to 
obtain accurate and reproducible meas- 
urements under carefully restricted con- 
ditions. Consequently, an engineer at- 
tempting to evaluate fatigue properties 
for a particular problem may find much 


related with service data before the re- 
sults can be accepted for design use. 
There is often a failure to recognize 
that the fatigue strength as determined 
for a particular specimen is not an in- 
herent property of the material but is a — 
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function of the testing method and the 
dimensions of the piece as well as its 
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This conclusion has been questioned by 
Wishart in a discussion of the paper by 


history, that is, heat treatment and Oberg and Johnson (10) and by Koos, 
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Fic. 7.—Relationship of Fatigue Strength to Life from a Compilation of Flexure Fatigue Tests. 
(Refer to Table VI for Tensile Properties of Steels tested.) 
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Fic. 8.—Relationship of Fatigue Strength to Life from a Compilation of Rotating Beam Test 


Results. 


method of fabrication. Most investiga- 
tions have reported no “speed effect” 
on fatigue test results for cycling speeds for 
up to 10,000 cycles per minute (3,10). 


(Refer to Table VII for Tensile Properties of Steels Tested.) 


Lemmon, and Ransom (21). Recent work 
for the National Advisory Committee 
Aeronautics indicates that slow 
speeds of testing (below 100 cpm.), such 
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as are most suitable for short-life tests, 
give lower fatigue strengths for nor- 
malized steels than do the more common 
speeds of several thousand cycles per 
minute. No speed effect was shown for 
24S-T3 and 75S-T6 aluminum alloys, 
tests at low and high speeds giving 
approximately the same results. For the 
above reasons the following comments 
on the short-life portion of the S-N 
curves are confined only to general 
trends. 


stresses. Hartmann and Stickley (1) 
make the same observation concerning 
the S-N curve for 17S-T. 

The uni-directional flexure fatigue 
data (stress range R 0) are not 
sufficient to indicate the shape of the 
S-N curve. The band shown in Figs. 
6 and 7 connects the data from reference 
(16) with data determined in this investi- 
gation. These data agree very well with 
the data for the uni-directional axial 
loading tests. The S-N curve for reversed 


TABLE VI.—TENSILE PROPERTIES OF DATA PLOTTED IN FIG. 7. COMPILATION OF CANTILEVER 
BENDING (FLEXURE) FATIGUE TESTS. 


Tensile | 
Strength, 
psi. 


Yield 
Strength, 
0.2 per 
cent off- 
set, psi. | 


Elon- 

gation 
in 2 in., 
per cent 


Type of Notch | Reference 


FLEXURE (ZERO TO Maximum Stress, R = 0) 


5%-in. thick 
plate 


210 000 


42.5 Re None Table III 


\% x 1\-in. plate 


Approximately 
200 000 


None, as rolled 


(16) 
surface 


REVERSED FLExuRE (R 


%-in. thick plate 


%-in. diameter 
bar 


302 VPH 


diameter 


-in. 
b 


66 500 
ar (As rolled) 
%-in. diameter 150 400 
bar 


135 BHN 
322 BHN 


Previously published data for axial 
loading fatigue tests for the stress 
range R = 0 (3) defined the life span 
from 50,000 cycles to the endurance 
limit. The data determined in this in- 
vestigation extended the curve backward 
to } cycle life, that is, the static tension 
test. This newly defined portion of the 
curve connects rather well with the 
previously known portion of the curve. 
However, it should be noted that the 
fatigue life at stresses above 80 per cent 
of the tensile stréngth is greater than 
would be indicated by extrapolation of 
the S-N curve determined at lower 


flexure (stress range R = —1.0) is well 
defined for the life span of 2000 cycles 
to the endurance limit. So also are the 
curves for reversed stress axial loading 
and rotating-beam tests. In general, 
steels quenched and tempered to tensile 
strengths less than 180,000 psi. have a 
higher ratio of fatigue strength to ten- 
sile strength than do steels of higher 
hardness. This is most evident in the 
results of the reversed flexural fatigue 
tests (Fig. 7). 

For all three types of fatigue tests, 
the reduction of fatigue strength due to 


notches, that is, the, fatigue strength — 


= 
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Symbol | “Steel | Form fardness | 

4337 
= 
4130 00 17.0 26 Re 
4130 150 000 143 000 14.5 34 Re None (4) 
4130 206 000 194000 | 10.0 | 44 Re 
2330 FP 108 600 88 700 12.5 246 VPH : 
2330 145 300 139 300 17.5 3 None (13) ; 
8630 89 800 80500 | 16.0 | 2 2. 
8630 142 000 121 500 15.5 | 7 
HT-50 48 600 3 
None (3) 
4340 133100 | 1 <A 
| 
= 
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reduction factor, becomes smaller as the not merge with but crosses the curve for 
test stress increases and the fatigue life unnotched specimens, so that the 


TABLE VII.—TENSILE PROPERTIES FOR DATA PLOTTED bf FIG. 8. COMPILATION OF ROTATING 
BEAM FATIGUE TESTS 


Yield 


Tensile Strength, 

Strength, | 0.2per | .84ti0? | Hardness | Type of Notch 
cent off- in 2 in., 
set psi, | P& cent 


Forging (Longi- 136 650 88 150 13.4 323 BHN 
tudinal) 


— (Trans- 141 770 106 800 11.7 323 BHN 
verse 


Kommers’ square 
type notch 

Costios (Longi- 138 500 95 250 13.2 324 BHN ae Wes 
tudinal) 


Casting (Trans- 137 700 94 300 11.7 324 BHN 
verse 


%-in. thick plate 129 000 118 000 a" 26 Re 
(Parallel to 
Direction of 150 000 143 000 ‘ 34 Re 
rolling) 

206 000 194 000 ! 44 Re 


Unknown 150 400 142 000 


}4-in. thick plate 64 200 42 600 


3-in. diameter 150 000 142 000 
bar 


Unknown 125 000 99 400 y ae None 


3-in. diameter 163 700 P . Semi-circular 

bar notch 0.020-in. 
radius 0.025-in. 
deep, 0.250-in. 
root diameter 


Rolled Bar 45 000 i 145 BHN | 60-deg. V-notch 
0.025-in. deep by 
Rolled Bar 120 000 > 290 BHN 0.010-in. root ra- 
dius,  0.250-in. 
Rolled Bar 168 500 y 432 BHN root diameter 


Unknown Unknown 34 Re None, smooth ma- 

chined finish 

Unknown Unknown 34 Re ame, t-polish 
nis! 


%4-in. diameter 88 700 12.5 246 VPH | None 


Unknown Unknown; Unknown| 207 BHN | None 
Unknown Unknown! Unknown| 332 BHN | None 


0.065 to 0.250-in. 
radius semi-cir- 
cular grooves 


0.010 to 0.015-in. 


root radius, “V” 
notches 


66 500 
(As rolled) 
150 400 


None 


decreases. In fact, it is probable that the notched specimens actually develop a 
S-N curve for notched specimens does greater apparent fatigue strength than 
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> 
| 
Ref- 
Symbol Form er- 
| | 
fi 4140 
(2) 
4140 
4130 
4130 
None (4) 
4130 
4000 | 13.2 
A7-46 
None (6) 
41300 | (8) 
4340 (9) 
—- 
4130 
~~: 4130 (10) 
4130 
x4340 
4 x4340 
~ & 
¥ 1045 (14) 
1072 | 
i as) 
HT-s0 | %4-in. diameter | 48600 | 32.0 | 135BHN| 
4340 133100 | 18.2 | 322 BH 
-in. diame 
| "bar 
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the unnotched specimens for some life- 
time less than 1000 cycles of stress. It is 
well established that a notched steel bar 


bar results from the increased resistance 
of the metal to deformation, produced 
by the triaxial stress condition prevail- 


T T 


Unnotched 
> Specimens 


uo 
So 


Minimum Stress _ 
Moximum Stress 


Maximum Stress, per cent of Tensile Strength 


1 


104 
Cycles 
Fic. 9.—Relationship of Fatigue Strength to Life from a Compilation of Axial Loading Test 
Results (Stress Range from Zero to Maximum Tension, R = 0) 
(Refer to Table VIII for Tensile Properties of Steels Tested.) 


TABLE VIII—TENSILE PROPERTIES FOR DATA PLOTTED IN FIG. 9. COMPILATION OF AXIAL > 
LOADING FATIGUE TESTS (R = 0). 
Minimum Stress 


Maximum Stress 


Yield 
Strength 
(0.2 Per- 
cent Off- 
set), psi. 


Elon- 
gation 
in 2 in., 
per cent 


Tensile 


Strength, psi. Hardness | Type of Notch | Reference 


32.0 


135 BHN 


}-in. Diame- 


48 600 
ter Bar 


66 500 None 
(As rolled) 


34-in. Diame- 150 400 


ter Bar 


¥%-in. Thick 


133 100 18.2 322 BHN | None 


42 600 27.7 l-in. diameter 


Plate 


hole in center 
of 344 by %-in. 


section 


4340 


4140 


4140 


1-in. Diame- 
ter Bar 


5x 5-in. forged 
Billet 


| 13-in. Diame- 
ter Bar 


None 
None 


None 


Table Il 


has a considerably higher ultimate ten- 
sile strength in the notched area than has 
a regular tension specimen (18). The in- 
crease in tensile strength of the notched 


ing at the base of the notch, This same 
condition limits the ability of the notched 
fatigue specimen to strain harden, de- 
creases the fracture stress and so pro- 
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duces the rapid decrease in notched 
fatigue strength with increasing life. 
The scatter bands for the different 
types of testing (Figs. 5, 7, 8 and 9 
(Tables III to VIII)) have been replotted 
together for the stress ranges R = 0 
(Fig. 6) and R = —1.0 (Fig. 10) for 
the life range 4 to 100,000 cycles. The 
following comparisons are made con- 
cerning the effect of type of test on the 
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tating-beam tests over the entire life 
span (4, 20, 21). 

Reversed stress axial loading tests 
appear to give lower results over the 
entire life span than do either the ro- 
tating-beam or reversed-flexure tests. 

The most common flexural fatigue 
tests are of the constant amplitude type, 
where the travel, or deflection, of the 
specimen is constant regardless of the 


results. specimen stiffness. Such tests are satis- 
150 
100 — — LUT 
2 60 xial Loading 
c 
a 
a 
Minimum Stress 
Axial Loading: 
Smooth Specimens 
E 20 Za“, Notched Specimens 
= Ui] Reversed Fiexure 
Rotating Beam: 
Smooth Specimens 
Notched Specimens 
10 
1 10 100 1000 10 000 100 000 


Cycles 
Fic. 10.—Comparison of Reversed Stress Axial Loading, Flexure, and Rotating-Beam Fatigue 


Tests. 


The reversed flexure tests show higher 
fatigue strengths at lifetimes of less 
than 50,000 cycles than do the rotating 
beam tests. Some of this increase would 
probably be reduced if the results were 
corrected for the effect of plastic bend- 
ing, since the test stresses in this part 
of the S-N curve are usually above the 
yield strength of the material. At longer 
lifetimes the scatter bands for the two 
types of tests merge. Some authors, 
however, are of the opinion that flexure 
tests produce higher results than ro- 


factory for only a limited number of 
applications, since specimen stiffness 
usually decreases under conditions of 
repeated stressing. This decreasing stiff- 
ness in service usually results in an 
increased amplitude of movement and 
an acceleration of fatigue failure of the 
part. To reproduce this condition for 
constant amplitude machines involves 
continual readjustment of the amplitude 
of deflection as the stiffness of the speci- 
men changes during testing. 

The uni-directional flexure fatigue 
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test presented in this paper 
provides a constant-stress type of test. 
Variations in the specimen deflection 
due to changes of elasticity of the 
material during testing do not introduce 
into the test the errors of the constant 
amplitude test outlined in the preceding 
paragraphs. The magnitude of specimen 
deflection which made a correction of 
the applied stress necessary in this in- 
vestigation, can be considerably reduced 
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ance limit has been drawn from data for 
uni-directional axial tension fatigue tests. 
The newly defined short-life portion of 
the curve shows that the fatigue life at 
stresses above 80 per cent of the tensile 
strength is greater than would be predi- 
cated by extrapolation backward of the 
long-life portion of the S-N curve. 

2. The S-N curves for reversed bend- 
ing, reversed axial loading, and rotating- 
beam fatigue tests are well defined over 


Fic. 12.—Flexure Fatigue 


by use of a thicker specimen. It is 
believed that this constant-stress testing 
method can be very useful for investi- 
gations of the high-stress low-cycle por- 
tion of S-N curves at other than room 
temperatures. Since the specimen is 
vertical there are no moving parts which 
would require sealing where liquid cool- 
ing media are used. 


SUMMARY 


1. An S-N curve complete from } 


cycle (static tension test) to the endur- 


Specimens Showing Failures. 


the range 2000 cycles to the endurance 
limit. 

3. The bending fatigue test method 
presented in this paper provides a 
constant-stress flexure fatigue test which 
should be very useful for experimenta- 
tion at other than room temperature. 

4. Steels quenched and tempered to 
tensile strengths less than 180,000 psi. 
have a higher ratio of fatigue to tensile 
strength than do steels of higher hard- 
ness. 

5. The reduction of iatigne strength 


$2 
Fic. 11.—Axially Loaded Tension Fatigue Specimens Showing Failures. oo 
2 3 4 ‘ 


due to stress concentrations becomes less 
as the test stress increases and the fatigue 
life decreases. It is probable that the 
S-N curve for notched specimens crosses 
the S-N curve for smooth specimens 
and that the notched specimens will have 
greater fatigue strength than unnotched 
specimens for some lifetime in the range 
of less than 1000 cycles of stress. 


RECOMMENDATION FOR FUTURE WORK 


Much more work must be done on the 
following items before low-cycle fatigue 
data can be effectively used in design: 

1. Effect of heat treatment and metal- 
lurgical structure. 

2. Speed effect for cycling rates of 
less than 100 cycles per minute. 


3. Effect of type of test and specimen 
shape. 
4. Fatigue stress concentration factor 
for notches. 
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DISCUSSION 


Mr. T. E. Prrer! (presented in writ- 
ten form).—In general, the investigation 
of the low-N part of the S-N curve is 
a commendable work long overdue. 

The authors invite criticism of the con- 
ventional test procedures employed. Al- 
though the endurance limits of notched 
and un-notched specimens are recognized 
as almost academic values in terms of 
design criteria, I feel strongly that super- 
imposed —N of high frequency on —V 
of low frequency introduces fatigue 
characteristics of a significantly deleteri- 
ous degree. The “speed effect” should 
be treated as a complex characteristic 
of aircraft rather than a simple S-N 
property. 

Mr. A. E. Zezuta.*—The authors 
are to be congratulated for the ag- 
gressive and progressive manner in 
which they attacked a problem on which 
little data have been previously pub- 
lished. As they have mentioned, there 
are many applications where it would 
be rather unreasonable to use fatigue 
data of millions of stress cycles when the 
maximum life expectancy of a part may 
be only a few thousand cycles. 

The authors have discussed somewhat 
the effect of cycling speeds on fatigue 
test results. It would be interesting to 
know at what speeds their testing was 
conducted and if they observed any 
effect of slow cycling speeds on the 
fatigue strength. 

It would also be of great value if a 
short discussion could be presented on 

1 Chief Process Engineer, Northrop Aircraft, Inc., 


Hawthorne, Calif. 
* Metallurgist, AiResearch Manufacturing Co., Los 


the appearance of the fracture surfaces 
of specimens failing at the various cycles 
tested. 

Messrs. H. J. Grover® anp L. R. 
Jackson® (presented in written form).— 
The authors have presented a very stimu- 
lating contribution to knowledge of 
fatigue properties important in design. 
Their new data on high-stress, short- 
lifetime behavior help fill in important 
gaps in available information. 

However, we should like to ask some 
questions pertaining to interpretation of 
the test results: 

1. In rotating-beam tests and in 
flexural tests, what allowance was 
made for plastic flow in evaluating 
stresses? 

. What was the estimated limit of 
error due to possible slight bend- 
ing in reversed axial loading tests? 

It appears that bending stresses, com- 
puted from the simple beam formula 


= Mc/I 


without allowance for plastic flow, would 
be unduly high. On the other hand, 
tension stresses computed for axial- 
loading might be lower than those 
actually occurring (locally) if bending 
occurred due to very slight misalign- 
ment. These effects might explain part 
of the apparent discrepancy (see, for 
example, Fig. 7 in the paper) between 
results of fatigue tests of different kinds. 

Considerations of local plastic flow in 
notched specimens are also of major 
importance in interpretation of results 
quoted in terms of nominal stress. This 
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point is discussed in another paper‘ to 
be presented at this meeting. 

We agree with the authors that 
further work on the effects of a few 
cycles of high repeated stresses is 
needed. We should like to emphasize the 
importance of interpretation of experi- 
mental results in this region with respect 
to plastic as well as elastic behavior of 
metals. 

Messrs. M. H. WEISMAN AND M. H. 
(authors’ closure).—The authors 
wish to express their appreciation to the 
discussers for their comments and con- 
tributions to the paper. Messrs. Jackson 
and Grover emphasize correctly the 
importance of plastic flow in high-stress 
fatigue tests. Following the original pres- 
entation of the paper, the results of the 
authors’ flexural fatigue tests were re- 
calculated to correct for the effect of 
plastic bending (see Table IV) and the 
S-N curves revised accordingly. The 
other flexural fatigue tests and the 
rotating-beam and reversed axial-loading 
fatigue tests were reported directly from 
the literature. No attempt was made to 
correct or revise the data except to re- 
calculate the stresses to per cent of 
ultimate tensile strength for the purposes 
of this paper. Reference should be made 
to the original papers if specific informa- 
tion is desired concerning specimens or 
test procedures. 

Mr. Piper properly interprets the 
comments in this paper to be a criticism 
of the practice of using for a design 
property of a given material the endur- 
ance strength determined by any one 
conventional fatigue test method. It is 


4H. J. Grover, ‘Fatigue Notch-Sensitivities of Some 
Aircraft Materials,”’ see p. 717 of this publication. 


very important, as indicated in Mr. 
Piper’s discussion, that the test method, 
testing speed, and stress range should 
simulate the design conditions in so far 
as possible. In particular, as noted by Mr. 
Zezula, there are many applications 
where it is unreasonable to use the en- 
durance strength when it is known that 
the life expectancy is short. 

The discussion in the paper pointed 
out that testing speeds up to 10,000 cpm. 
appeared to have no effect on the fatigue 
strengths of heat-treated aluminum al- 
loys, such as 24S-T3 and 75S-T6. 
Tests now being conducted by other 
investigators will probably show the 
same result for quenched-and-tempered 
steels. Normalized and annealed steels 
and annealed aluminum and copper 
alloys have been reported to have 
lowered fatigue strength values when 
tested at speeds less than 100 cpm. 

The tests described in this paper were 
all conducted at speeds of less than 50 
cpm. The authors have not observed 
conclusive evidence of a speed effect 
in any of their other fatigue test work. It 
should be pointed out, however, that the 
great majority of such tests concerned 
individual parts tested to specific con- 
ditions. Thus the tests have been of such 
a nature that no indication of speed 
effect would normally be encountered. 


The fractured surfaces of the axial | 


load specimens reported in the paper are 
shown in Fig. 11. The fractures of the 
specimens loaded above the yield 
strength were of the cup-and-cone type © 
similar to those normally obtained by 
the static tension test. Specimens tested 
at stresses less than the yield strength 
exhibited a shear type of fracture. 
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EFFECTS OF GRINDING AND OTHER FINISHING PROCESSES ON THE 
FATIGUE STRENGTH OF HARDENED STEEL* 


By L. P. Tarasov! anp H. J. GROVER? 

SYNOPSIS 
This paper presents the results of an investigation of the effect of grinding 
and other finishing processes on the fatigue strength of a ball-bearing type 
steel, very similar to type 52100, at Rockwell hardness levels of C 45 and 
C 59. Grinding scratch direction was always parallel to the specimen length. 
Reversed-bending tests of flat bars showed: (1) gentle grinding gave en- 
durance limits as high as gentle grinding followed by careful polishing, (2) 
severe grinding reduced the endurance limits roughly 20 to 25 per cent, and 
(3) either abrasive tumbling or shot peening after grinding greatly increased 

the endurance limits. 


high as reversed bending of flat bars of corresponding hardness. The endurance 
limits of round bars were affected relatively little by surfacing processes and 
the effects of a given process, if they were real, were not necessarily consistent 
for the two hardness levels. 


In no case did gentle grinding prove detrimental to the fatigue properties. 


: Rotating-bending tests of round bars gave endurance limits about twice as 


Hardened steel parts generally have to 
be ground to satisfy dimensional require- 
ments. Excessive heat resulting from im- 
proper grinding may crack, stress, or 
burn the surface, and these effects may 
easily have a detrimental influence on the 
service life of the part (1). It is commonly 
accepted that surface cracks can be very 
harmful to the fatigue properties, but 
the picture is not at all clear as to how 
grinding severity may affect these prop- 
erties in the absence of surface cracking. 

Noll and Lipson (2), in classifying sur- 
face finishes for allowable working 
stresses, place in one category polished, 
ground, honed, lapped, and superfinished 


* Presented at “" Da third Annual Meeting of the 
Society, June 26-30, 

1 Norton Co., icin Mass. 

2 Battelle Memorial Institute, Columbus, Ohio 

* The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 686. 


steel surfaces. They quote data by Hor- 
ger (3), Hankins, Becker, and Mills (4), 
and Moore and Kommers (5) indicating 
little effect (0 to 11 per cent) of different 
finishes in this category on fatigue 
strength. However, the investigations 
mentioned are limited and include little 
in the way of controlled variation in 
grinding severity. 

Mickel and Sommers (6) show an ex- 
pected decrease in fatigue strength pro- 
duced by actual grinding cracks. Staud- 
inger (7) gives some interesting data on 
effects of grinding case-hardened and ni- 
trided steel plates; he attributes some of 
the decrease in fatigue life to removal 
of surface layers having compressive 
stresses ‘nduced by the surface-hardening 
treatments. Boyer (8) reports results of 
rotating-bending fatigue tests on hard- 
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ened type 52100 steel bars ground to 
various depths and then polished; al- 
though he concludes that the endurance 
limit is lowered by even the most care- 
ful grinding, there is reason to believe 
that the observed lowering is actually 
due to undetected burn effects, as pointed 
out by Tarasov in discussing Boyer’s 
paper (8). 

As there seems to be no other pub- 
lished information on the effects of grind- 
ing severity upon the fatigue strengths of 
steels of high hardness, a study of this 
was a major objective of the present in- 
vestigation. In the course of the investi- 
gation, a number of surface finishes pro- 
duced by other methods were also 
studied, both to furnish background and 
to answer some questions of practical 
interest. 

The steel used throughout was a ball- 
bearing type steel having the following 
nominal composition: 


Chromium, per cent 

Manganese, per cent 

Vanadium, per cent 

Silicon, per cent. 


This is essentially type 52100 steel 
with added vanadium. The steel was oil- 
quenched and tempered to give two hard- 
nesses, Rockwell C 45 and C 59. The mi- 
crostructure was tempered martensite 
throughout, containing fine, uniformly 
dispersed carbide particles. The hardness 
of the bars was uniform, being within 1.5 
Rockwell C points of the nominal value. 

The first part of the work was done on 
flat bars, which were tested in reversed 
bending. Flat bars were chosen as being 
much more amenable to controlled severe 
grinding than round bars. Two severities 
of grinding were obtained by using appro- 
priate wheel grades and unit downfeeds. 
The “gentle” grinding represented, as 
nearly as possible, ideal grinding condi- 
tions; the “‘severe”’ grinding was intended 
to represent poor grinding practice but 
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et 

without producing any surface cracking. 
Other surfacing operations, which were 
superimposed on grinding, included hand 
polishing, electropolishing, shot peening, 
and abrasive tumbling. 

Since most available data on the 
fatigue strength of high hardness steels 
are results of rotating-bending tests, the 
investigation was extended to the study 
of round bars. To avoid excessive distor- 
tion, it was necessary to grind with ex- | 
treme gentleness, and only one set of 
bars was prepared under conditions ex- 
pected to result in appreciable burn; 
however, this expectation was not ful- 
filled. The rest were ground gently and 
were either left in that condition or were 
subsequently hand polished, shot peened, 
abrasive tumbled, or grit blasted. In ad- 
dition, some bars were ground and pol- 
ished prior to heat treatment, for com- 
parison with the bars whose surfaces 
were processed after heat treatment. 

Both flat and round bars were ground 
in a longitudinal direction since, with — 
the scratch direction parallel to that of © 
the applied stress, any effect of surface | 
profile on the fatigue data would be mini- 
mized. In this way, the physical effects 
of grinding were studied rather than 
those connected with the resulting sur- 
face geometry. 


REVERSED-BENDING FATIGUE TESTS OF 
FLat Bars 


Specimen Preparation: 


Generai Procedure.—After the bars had 


been machined from 0.250-in. stock toa _ 


thickness of 0.180 in. and approximately 
to the shape shown in Fig. 1, they were 
oil-quenched from 1550 F. and tempered — 
1 hr. at 400 or 890 F. to get the required 
hardness levels. Each bar was then | 
ground wet to 0.160-in. thickness, this 
being done with extreme care to leave 
surfaces as flat and as stress-free as 
possible. 

The elliptical contours were ground 
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LINE OF 
MAXIMUM STRESS 


Fic. 1.—Flat-Bar Fatigue-Test Specimen. 
Nore.—The stress is maximum at thei ndicated line, It decreases less than 5 per cent for 4 in. either side of this line. 


a 
Setup for Grinding Elliptical Contours 
on Flat-Bar Specimens—General View. 


dry on the setup shown in Figs. 2 
and 3. Grinding was done with a 10-in. 
diameter, 32A46-F12VBEP wheel on a 
Norton No. 2 tool and cutter grinder. In- 
feed was adjusted to avoid burning; ab- 
sence of burn was checked in preliminary 
experiments by etching the ground sur- 
face (9). 

Next, each bar was ground lengthwise 
to its final thickness of 0.120 in. In all in- 
stances, this was done on a Norton 6 by 
18-in. surface grinder under the following 
conditions: 


Fic. 3.—Setup for Grinding Elliptical Contours 
on Flat-Bar Specimens—Close-up Showing 
Mounting Jig. 


Wheel size: 8-in. diameter, )4-in. width. 
Whee! grade: Varied. 

Unit crossfeed: 0.050 in. 

Table speed: 65 ft. per min. 

Wheel speed: 6,000 surface ft. per min. 
Downfeed : Varied. 


The desired grinding severity was ob- 
tained by varying wheel grade and down- 
feed. 

Equal amounts were removed from the 
two sides of each bar. Curvature of the 
bar was measured (by determining arc 
height for the full length of bar) at each 
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of three stages: before grinding, after one 
side was ground, and after both sides 
were ground. These determinations 
afforded indications of grinding severity 
and served as a control on the grinding 
operation. 

In addition to measurements of 
changes in curvature, examinations were 
made on specimens of each group for sur- 
face smoothness, hardness and hardness 
variation, burn, and microstructure. 
Some of these examinations were made 
on sections cut after fatigue failure; how- 
ever, results are quoted below to afford 
good descriptions of specimens tested. 

Group C. Gently Ground Bars, Rockwell 
C59.—These were first ground gently 
with a soft wheel, 32A46-H8VBE, to an 
intermediate thickness of 0.140 in. Equal 
amounts were removed from the two 
sides, and the wheel was dressed sharp 
with a diamond prior to grinding each 
surface. Starting with this thickness, the 
wheel was dressed again and one surface 
was ground to give a thickness of 0.130 
in.; unit downfeeds started at 0.0005 in. 
and finished with 4 downfeeds of 0.00025 
in. and 6 of 0.0001 in. The wheel was 
dressed and the other surface was simi- 
larly ground to obtain a final thickness of 
0.120 in. 

The profilometer reading of the sur- 
face finish was about 20 microinches. 
Changes in curvature were so small 
(change in arc height for full length of 
bar averaging less than 0.001 in.) that 
residual surface stresses were estimated 
to be negligible. No traces of burn could 
be detected by etching metallographic 
taper sections of the bars after they had 
been broken in fatigue. It was concluded 
that the grinding conditions minimized 
any beneficial or detrimental effects upon 
the surface other than those possibly 
associated with a smoother finish. 

Group D. Gently Ground and Hand- 
Polished Bars, Rockwell C59.—After 
being ground as described above, these 
were hand-polished on each surface. 


Polishing was done longitudinally with 
a piece of 240-grit Metalite cloth (Behr- 
Manning, aluminum oxide abrasive). 
Polishing for 30 sec., with spindle-oil lu- 
bricant, removed grinding scratches and 
gave a 10-microinch profilometer value. 
Change in arc height due to polishing 
one surface amounted to about 0.005 in. 
and corresponded to a low compressive 
stress (estimated at less than 30,000 psi.). 


Group E. Severely Ground Bars, Rock- — 


well C59.—These were ground with a 
very hard wheel, 32A46-L8VBE, using 
a 0.002-in. unit downfeed all the way. 
Each side was ground in the same man- 
ner to a final thickness of 0.120 in. Al- 
though grinding conditions were main- 
tained as constant as possible, change in 
curvature varied greatly. About half of 


the bars ground were selected for testing; _ 
even so, the greater of the two measured © 


changes in arc height (one for each sur- 
face) varied from 0.018 to 0.026 in. The 
generally high value was evidence of high 
residual surface tensile stress. 
Profilometer readings were from 35 to 
40 microinches. Surfaces were burned 
enough to be strongly overtempered, but 


there was no evidence of rehardening © 


except in the bottoms of individual 
scratches. Burn was in the shape of 
streaks of uniform depth along the length 
of any one bar. Depth varied from bar to 
bar; extreme values were 0.001 and 0.004 
in. For a representative bar, the drop 
in hardness due to burn (determined by 
a Tukon microhardness tester) 
equivalent to about 4 points Rockwell C. 

Group F. Severely Ground and Hand- 


Polished Bars, Rockwell C 59.—These © 


was 


were ground as in group E, polished for __ 


2 min. with 80-grit Metalite cloth (to — 
remove deep grinding scratches), and — 


then polished as for group D. 

Final profilometer values were about 
10 microinches. Final surface stresses, 
judged by following changes in curva- 


ture, were still tensile although not so oJ 
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high as for group E. Burn depth due to 
_ grinding was like that for group E. 

Group I. Gently Ground Bars, Rockwell 
C 45.—These were ground like those in 
group C except for a minor change: two 
instead of six final unit downfeeds of 
0.0001 in. This produced a profilometer 
value of 10 microinches. No burn was 
detected by metallographic examination 
of taper sections. Changes in curvature 
were very small. 

Group J. Gently Ground and Shot- 
Peened Bars, Rockwell C 45.—These were 
ground like the group I bars and then 
shot peened‘ as follows: 0.023 to 0.028-in. 
diameter chilled iron shot; 42 psi. air 
pressure for 10 min.; Almen A2 intensity 
0.016 to 0.018 in. Profilometer reading 
was about 90 microinches. 

Group K. Gently Ground and Electro- 
polished Bars, Rockwell C 45.—These 
were also ground the same as the group I 
bars and were then electro-polished. 
About 0.00075 in. was removed from 
each surface, and the resulting surface 
finish was about 7 microinches. 

Group L. Severely Ground Bars, Rock- 
well C 45.—These were ground in the 
same manner as the harder group E bars, 
but resulting changes in curvature were 
smaller and much more reproducible. 
Changes in arc height varied between ex- 
treme values of 0.005 to 0.015 in., but 
most bars were in the range of 0.008 in. 
to 0.010 in. The surface finish was 35 to 
40 microinches. 

Although the ground surfaces were 
slightly discolored, no evidence of burn 
could be found in metallographic taper 
sections except for occasional reharden- 
ing or overtempering of the bottoms of 
individual scratches. Microhardness 
studies of two representative taper sec- 
tions showed no evidence of surface sof- 
tening; the only hardness change was an 
increase of 2 points Rockwell C because 
of work hardening by grinding. 


4 These bars, as well as others to be described later, 
were shot peened by R. O. Collins of the Research Labora- 
tories Division, General Motors Corp. 
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Group M. Severely Ground and Shot- 
Peened Bars, Rockwell C 45.—These 
were ground like those of group L and 
shot peened like those of group J. The 
surface finish was about 100 microinches. 

Group N. Severely Ground and Tumbled 
Bars, Rockwell C 45.—These were also 
ground like those of group L. They were 
then tumbled with 1000 lb. of Norton 
Alundum 2-T tumbling abrasive. In the 
2}-hr. roughing operation, 14 gal. of 
water and 1 oz. of Wyandotte No. 317 
cleaner were used; 30 gal. of water and 
3 oz. of cleaner were used in the 15-min. 
finishing operation. These conditions 
were selected as representative of com- 
mercial abrasive tumbling operations. 
The surface finish was about 15 micro- 
inches—much smoother than that from 
the shot peening. 


Fatigue-Test Procedures: 


Prior to testing, those bars which had 
sharp edges were gently polished with 
fine abrasive cloth to break the edges 
slightly. Figure 4 shows a specimen 
mounted in the bending-fatigue testing 
machine used. This machine loads the 
specimen as a cantilever beam. Deflec- 
tions were measured by the dia] indicator 
visible in the photograph, and maximum 
fiber stresses were calculated from these 
deflections by use of a calibration curve 
obtained for specimens of the same geom- 
etry and from material of the same 
elastic modulus as used in this investiga- 
tion. Small inertial effects at the normal 
operating speed of about 1600 cpm. were 
included in the calibration. 

As a further check, surface strains 
were measured dynamically by SR-4 
gages on selected specimens. Each bar 
was clamped with special precautions to 
avoid bending or twisting due to clamp- 
ing. Measurements indicated that, with 
the precautions used, applied stresses on 
top and bottom surfaces were equal to 
within about 500 psi., and stress was uni- 
form across the width of the test section 
to within about this amount. It was esti- 
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mated that errors in stress values due to 
loading techniques did not generally ex- 
ceed about +3 per cent. 

Fatigue failure, which always frac- 


Fatigue fractures were conventional 
in appearance and usually showed a 
crescent-shaped smooth region centered 
about the origin of the crack leading to 


Fic. 4.—Flat-Bar Specimen in Fatigue-Testing Machine. 


tured the test specimen, stopped the 
machine within about 1000 cycles. 


Fatigue-Test Results: 


Results of fatigue tests on the flat bars 
are shown in the S-N curves of Figs. 5 
and 6. Points with arrows designate 
specimens which did not fail or, in two in- 
stances, specimens which did not fail in 
the test section due to premature failure 
in grips. For all others, failure was essen- 
tially in the region of maximum stress. 


failure. (More than crescent 
appeared in a number of instances—and 
multiple cracks were sometimes noted.) 
Failure always started in the highly- 
stressed outer fibers (either at top or bot- 
tom surface). Although account was kept 
of location of failure with respect to 
which surface showed most change in 
curvature during grinding, no correlation 
appeared. Again, while failure often 
started at a corner, many failures also 
started near the center. In general, 
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ucather location nor appearance of failure 
showed any correlation with unusually 
long or short specimen lifetime. 


ROTATING-BENDING FaTIGUE TESTS OF 
RouND Bars 
Specimen Preparation: wr 
General Procedure.—Figure 7 shows 
the round-bar fatigue test specimen. All 


| 

the wheel, which was fed down 0.0005 
in. at the end of each crossfeed until the 
bar was only 0.001 in. oversize. At this 
point, the unit downfeed was reduced to 
about 0.0001 in. The grinding scratches 
were almost exactly longitudinal since 
the wheel and work surface speeds were 
in the ratio of approximately 500 to 1. 
The grinding conditions were extremely 
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Fic, 7.—Round-Bar Fatigue-Test Specimen. 


bars, whether in the annealed or hardened 
condition, were ground wet on a Norton 
No. 2 tool and cutter grinder with a 7-in. 
diameter, 1-in. wide 32A60-G8VBE 
wheel running at 5000 surface ft. per 
min. The setup is shown in Fig. 8. The 
initial diameter of the minimum section 
was 0.250 in. while the final diameter was 
0.230 in. The grinding fluid was a com- 
mercial soluble oil diluted 40 to 1 with 
water. The bar, rotating at 180 rpm., 
was traversed at a moderate rate across 


as possible and to avoid burning the har- 
dened bars. Special grinding conditions 
for the dry-ground bars are described 
later. For each of the following sections, 
the first group of bars listed was heat 
treated to Rockwell C 45, and the second 
one to Rockwell C 59. 

Groups MA and MG. Bars Heat 
Treated After Gentle Grinding.—These 
bars were ground in the annealed state, 
as just described. The longitudinal grind- 
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ing scratches were removed by polishing 
with a series of abrasive papers, the bar 
being rapidly rotated in a drill press. The 
resulting circumferential scratches were 
removed by hand polishing longitudi- 
nally with 240-grit abrasive paper. The 
bars were then copper plated in cyanide 
solution to prevent changes in chemical 
composition of the surface during subse- 
quent heat treatment. This consisted of 
oil quenching from 1550 F., followed by 
tempering the MA group for 1 hr. at 850 
F. to Rockwell C 45 and tempering the 
MG group for 1 hr. at 400 F. to Rockwell 
C 59. After the copper plating was re- 
moved by treatment in a sodium cyanide 
solution, the bars were polished very 
lightly in the longitudinal direction with 
No. 000 metallographic emery paper im- 
pregnated with a suspension of 6-u dia- 
mond dust in olive oil. Bars of both these 
groups gave profilometer readings aver- 
aging about 5 microinches. 

After the fatigue tests were completed, 
careful examination of a nickel-plated 
taper section showed that the micro- 
structure and microhardness were ex- 
actly the same at the surface as in the 
interior. The carbon content at the sur- 
face obtained from analysis of a layer 
0.0015 in. thick, taken in the vicinity of 
the minimum diameter, was the same as 
that of the steel below the surface. Thus, 
the plating technique was fully effective 
in eliminating any surface changes in 
chemical composition which might affect 
the fatigue data. 

Groups ME and MK, Gently Ground 
Bars.—These were ground gently in the 
hardened condition. The heat treatment 
was the same as for the MA and MG 
bars, respectively, but the plating was, 
of course, omitted since any surface 
changes in chemical composition were 
eliminated in the early stages of grind- 
ing. The grinding scratches were rather 
deep because of the nature of the grind- 
ing contact. Examination of a metallo- 
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graphic taper section showed that the 
surface was not burned in the least and 
that its microhardness was exactly the 
same as that of the interior. Profilometer _ 
values were about 20 microinches for 
ME bars and about 15 microinches for 
MK bars. 

Groups MD and MJ, Gently Ground 
and Hand-Polished Bars.—These were 
heat treated and ground like the bars 
immediately above. The longitudinal 
grinding scratches were then removed by 
hand polishing with a series of aluminum 
oxide abrasive papers, ranging from 80 
to 240 grit, using kerosine for a lubricant. 
The bar was alternately polished cir- 
cumferentially while rotating in a drill 
press and then longitudinally while sta- 
tionary. The final scratches, produced 
with the 240-grit paper, were longitu- 
dinal. Profilometer readings were 7 
microinches for MD and 5 microinches 
for MJ. 

Groups MB and MH, Gently Ground 
and Tumbled.—The bars were heat 
treated and ground like those in groups 
ME and MK. They were abrasive tum- 
bled like the flat bars in group N except 
that the roughing operation was made 
an hour longer in order to eliminate 
more completely the deep grinding 
scratches. Profilometer values for both 
groups were about 5 microinches. 


Groups MC and MI, Gently Ground — 


and Shot Peened.—After being processed 


like the ME and MK bars, these were © _ 


shot peened like the flat bars in groups 


J and M except that the air pressure was _ 


decreased to 37 psi. and the time to 2 — 


size between the flat and round bars and 
also for the use of another peening ma- 
chine having different shot flow rates. 
The peening intensity, as measured on — 


the Almen strip, was thus kept the same | 7 
for the round bars as for the flat bars; 


however, this did not insure the same 
surface effect on the two different types _ 
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of bars. Profilometer readings were 
about 45 microinches for bars of group 
MC and about 35 microinches for bars 
of group MI. 

Group MF. Gently Ground and Grit 
_ Blasted.—These bars, heat treated to 
Rockwell C 45, were processed like the 


; _ ME bars and were then blasted for 25 to 


30 sec. with No. 60 steel grit while being 
rotated at about 120 rpm. The blast 
pressure was about 80 psi., and the nozzle 
was about 6 in. from the work. MF 
bars had a rather rough surface with a 
_ profilometer value of about 170 micro- 
inches. 

Group ML. Dry-Ground Bars.—These 
bars, heat treated to Rockwell C 59, 
were ground in different manner than 
any of the above in an attempt to obtain 
a severely ground surface. They were 
first ground wet exactly the same as the 
gently ground bars until the minimum 
diameter became 0.237 in. The grinding 
fluid was then turned off and the diam- 
eter was reduced to 0.233 in. in unit 
downfeeds of 0.0005 in. Even though 
the wheel was extremely soft, enough 
heat was built up in the bar to warp it 
appreciably. Wet grinding was then 
resumed, the unit downfeed being cut to 
about 0.0001 in. The warpage was just 
eliminated by the time the final diam- 
eter of 0.230 in. was reached. Nearly all 
the stock was removed from one side of 
the bar so that probably all of the dry- 
ground zone in that portion was elim- 
inated from the finished specimen. The 
remaining portion of the surface, from 
which very little, if anything, was re- 
moved in the final gentle grinding opera- 
tion, was more or less in the condition 
in which it was left by the dry-grinding 
operation. It is highly probable that the 
surface condition of these bars varied 
much more from one bar to another than 
it did for any of the other groups of 
round bars. Although it had been ex- 
that the dry-grinding 
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would burn the surface, no evidence of 
burn could be found metallographically. 


Fatigue-Test Procedure: 


Round bar specimens were tested in 
conventional R. R. Moore-type fatigue 
testing machines at speeds of about 
10,000 rpm. The minimum diameter of 
each bar was measured on a calibrated 
shadow graph (since micrometers might 
have marred the surface), and the stress 
value was computed on the basis of the 
individually measured section diameter. 
Known sources of error in loading were 
not considered to influence computed 
stresses by more than 1.5 per cent. 


Fatigue-Test Results: 


Results of the rotating-bending fatigue 
tests on round bars are shown in the 
S-N curves of Figs. 9 and 10. Points 
with arrows represent specimens re- 
moved before failure. Fatigue fractures 
were quite conventional in appearance; 
nothing unusual enough to warrant 
comment was noted. 


DISCUSSION OF RESULTS 


Evaluation of Endurance Limits: 


The following discussion is based on 
endurance limits estimated from the 
S-N curves in Figs. 5, 6, 9, and 10. 
Examination of these figures indicates 
scatter of points from the faired curves 
drawn. In many cases, this scatter is 
greater than estimated experimental 
error in testing (see sections on test pro- 
cedures). Even when scatter appears 
small, it is unsafe to regard an S-N curve, 
based upon a limited number of speci- 
mens, as giving an accurate measure of 
fatigue strength of a material; see, for 
example, the report of Ransom and 
Mehl (10) on statistical variations in 
fatigue testing. 

A later section of this discussion con- 


tains some e speculative remarks on the 


a 
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possibility of scatter being associated 
with variable surface preparation. How- 
ever, even in comparing endurance 
limits observed on bars differently sur- 
faced, it is necessary to keep in mind the 
fact that the endurance limits were 
estimated from tests of limited numbers 
of specimens, and the precision of the 
estimated values in unknown. For defi- 
niteness, it will be considered that a 
difference of 10 per cent or less between 
any two endurance limits is insignifi- 
cant.® 


Evaluation of Data for Flat Bars: 


Table I shows the effect of grinding 
severity on endurance limits of the flat 


TABLE I.—EFFECT OF GRINDING SEVERITY 
(FLAT BARS). 


Rock- 


Additional 


Grinding Processing 


Gentle 
Severe 
Gentle 
Severe 


None 

None 
Hand polishing 
Hand polishing 


Gentle 
Severe 
Gentle 


None 
None 
Electrolytic 
polishing 


bars. The severe grinding decreased the 
endurance limit about 25 per cent below 
values for gently ground bars. 

It is also clear, from Table I, that 
neither hand nor electrolytic polishing 
after grinding significantly affected en- 
durance limits. It is possible that the 
polishing did not remove enough metal 
to have maximum influence. However, 


’ This value is entirely arbitrary and not to be con- 
sidered as an estimate of precision of absolute values. It 
may be pointed out, however, that comparing endurance 
limits of bars of the same steel, very carefully processed in 
the same laboratory and tested upon the same machine 
may be justifiable to a higher precision than comparing 
results of tests on different lots of material. In general, 
groups of bars to be compared with each other in this dis- 
cussion were prepared at the same time from the same lot 
of material by the same operator and were tested in one 
machine by one operator. (This does not apply to compari- 
son of results of tests of round bars with results of tests of 
flat bars.) 


as previously noted, polishing did de- 
crease surface roughness (in the case of 
severely ground bars from 35-40 micro- 
inches). It may be concluded that 
smoothness alone is not an adequate 
criterion of surface conditions influ- 
encing fatigue endurance limits. 

Since gentle grinding left no significant 
residual stress (on the basis of curvature 
measurements) and since further smooth- 
ing of the surface did not increase fatigue 
strength, results for the gently ground 
bars appear representative of the bend- 
ing fatigue strength of the material in 
the flat test specimens used. Had the 
scratch direction been perpendicular to 
the direction of applied stress instead 


TABLE II.—EFFECTS OF SHOT PEENING AND OF 
ABRASIVE TUMBLING (FLAT BARS). 


Endur- 
ance 
Limit, 
psi. 


Rock- 


Additional 


Grinding Processing 


Gentle 
Gentle Shot peening 
Severe 
Severe 
Severe 


None 
Shot peening 
Tumbling 


of parallel, the fatigue data might have 
been somewhat lower because of the 
notch effect of such scratches. 

Table II summarizes effects of shot 
peening and of tumbling. The appar- 
ently greater endurance limit for the 
severely ground and shot-peened bars 
(M) than for the gently ground and shot- 
peened ones (J) has no significance in 
view of the uncertainty in these values. 
Both shot peening and abrasive tumbling 
greatly increased the observed endurance 
limit. Damage done by severe grinding 
was not only eliminated, so far as endur- 
ance limit was concerned, but the endur- 
ance limit of severely ground bars was 
raised, in these particular instances, 
above the value for bars left in the 
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gently ground condition. This should 
not be misinterpreted as advocacy of 
poor grinding practice, which may lead 
to difficulties not capable of being cor- 
rected by shot peening or tumbling. 
Similar increases of fatigue strength 
have been previously reported for shot 
peening, but this is thought to be the 
first evidence that abrasive tumbling can 
have a beneficial effect on fatigue 
strength. While tumbling did not, in this 
case, increase the endurance limit as 
much as shot peening, it should be re- 
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of the loading cycle above zero and 
thereby decrease the range of stress 
observed to cause fatigue failure. Simi- 
larly, residual surface compression 
stresses (such as due to the shot peening 
or, presumably, to the tumbling) de- 
crease the mean stress below zero and 
thereby increase the range of stress re- 
quired to cause fatigue failure. Such a 
mechanism, in contrast to a real increase 
in the intrinsic reversed-stress endurance 
limit of the material, probably plays an 
important réle in causing the nominal 


1 TENSILE 
STRENGTH 
= 
= 
x 
SEVERE GRIND 
8 ae GENTLE GRIND (WITH OR WITHOUT 


marked that there was no background 
available as to optimum conditions of 
tumbling to improve fatigue resistance. 
Whether even greater benefits can be 
obtained from tumbling remains to be 
investigated. 

Most of the effects noted for the flat 
bars can be at least partly explained in 
terms of residual surface stresses. This 
point of view is illustrated in Fig. 11, on 
the basis of an assumed Goodrthan-type 
diagram. The residual surface tensile 
stress due to severe grinding may be 
considered to increase the mean stress 


PEE NING ELECTROPOLISH ) 
+ + 
MEAN STRESS al 
t— SEVERE GRIND + TUMBLING 


GENTLE GRIND + SHOT PEENING 


Fic. 11.—Goodman-Type Diagram Illustrating Possible Interpretation of Effect of Residual Stresses 
on Observed Stress Range at Endurance Limit. 


increased endurance limits reported. 
However, the diagram shown in Fig. 11 
must be considered only schematic 
since (1) the actual shape of the Good- 
man diagram for this steel is unknown, 
(2) residual stress values were not meas- 
ured other than qualitatively by change 
in curvature, and (3) other factors (sur- 
face smoothness, shape and size effects, 
stress gradients, etc.) should not be 
lightly dismissed. 


Evaluation of Data for Round Bars: 


In contrast to the flat bars, the round 


wal 
| 
| 
igh 


~ showed relatively little effect of the 
various surfacing processes upon endur- 
ance limit. However, the round bars did 
have much higher endurance limits than 
the flat bars. 

Table III shows endurance limits for 
bars ground either before or after heat 
treatment. The bars having a hardness 
of Rockwell C 59 ground before heat 
treatment (MG) had a lower endurance 
limit than those ground after heat treat- 
ment (MK);.the same may have been 
true of the softer bars, although the dif- 
ference in this case was too small to be 
reliable. No reason could be found for 
this behavior. The ground and heat- 


TABLE Ill1—EFFECTS OF HEAT TREATING 
BEFORE AND os GRINDING (ROUND 


Processing Rockwell C 45/Rockwell C 59 


Endur- Endur- 
ance | & | ance 

Limit, | © | Limit, 
psi. psi. 


Preliminary 


Additional 2 


Gentle 
grinding.....| Polishing | MA 
and heat 
treat- 
ment 


94000 | MG 128 000 


Heat treat- 
ment Gentle 102 000 | MK (140 000 
grinding | 
Dry grind- | ... ML /|136 000 
ing | 


Heat treat- 


treated bars were uniform in carbon 
content, microstructure, and microhard- 
ness out to the surface; they were ex- 
pected to have the same endurance limits 
as the bars gently ground after heat 
treatment. 

The dry grinding was intended to be 
severe, in contrast to the very gentle 
wet grinding; actually, no signs of burn 
could be detected upon subsequent ex- 
amination of dry-ground bars. The en- 
durance limit was the same as for those 
ground wet in the heat-treated condition. 
It should be noted that all values for 
groups of equal hardness in Table III 
are within a +5 per cent scatter band. 
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The endurance limits for other groups 
of round bars are shown in Table IV. 
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Again, values for groups of equal hard- i 


ness lie mostly within a scatter band of 
+5 per cent so that differences may not © 
be significant. Hand polishing appeared 
to lower the endurance limit for the bars 
with a hardness of Rockwell C 59 and — 
to raise the endurance limit for the oe 
having a hardness of Rockwell C 45. No 
reason for this behavior was found; the 
only explanation that can be offered is 
that some unknown factor associated 
with the polishing or with the material 
varied sufficiently to affect the two sets 
of bars so differently. * 
TABLE IV.—EFFECTS OF MECHANICAL 


PROCESSING FOLLOWING GENTLE 
GRINDING (ROUND BARS). 


Rockwell C 45 


Additional 
Processing 


Hand Polishing 
Shot Peening . 
Abrasive Tumbling .. 
Grit Blasting 


Shot peening did not have any sig- 
nificant effect on the endurance limit. — 
Tumbling raised the endurance limit 
slightly for the bars with a hardness of | 
Rockwell C 45 but not for the others. 
Only one set of bars was grit blasted and | 
their endurance limit was not signifi- 
cantly influenced. 

While the processing of round bars 
and flat bars could not be considered 
identical for all types of surfacing, this 
difference does not simply explain the 
widely different magnitudes of endurance 
limits. It is probable that a part, at least, 
of the difference was due to the difference 
iri shape and size of the test bars (flat 
versus round) and the difference in load- 


= 
| Rockwell C59 | 
| Endur- Endur- 
| Limit, | | Limit, 
| psi. | | psi, 
ME | 102000 | MK | 140 000 see 
MD | 122 000 | 127 000 be 
MC | 102000 | M 147 000 
/MB | 120000 | MH | 137 000 
MF | 97000 | .. vi 
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TABLE V.—SOME COMPARISONS OF ENDURANCE 
LIMITS FOR ROUND AND FLAT STEEL BARS. 


Endurance 


Specimen Di- | 
Limits, psi. 


mension, in. 


ound Bar 
Diameter 


| Width 


| Ratio, Flat/Round 


| R 


Re Re 
ann 


| 


| 


* Sources: 1.—from Discussion by Dolan (13). 
2.—from paper  ! Fuller and Oberg (13). 
3.—from paper by Grover, Bennett, and 
Foley (14). 
4.—present paper: groups ME, I, MK, and 

>Value adjusted for slight difference in tensile 

strengths of bars. 

© Estimated from Rockwell hardness, Metals Hand- 

book, p. 99 (1948). 


ing (reversed plane bending versus ro- 
tating bending). 

H. F. Moore (11) and others have 
shown that rotating-bending fatigue 
strength tends to decrease with increas- 
ing diameter of specimen—particularly 
in the range from § to 3 in. One interpre- 
tation has been size effect: that larger 
specimens have larger volumes of highly 


stressed material and that such larger 


_ volumes have, statistically, a greater 


number of weak spots. Another sugges- 
tion has been that stress gradient (paper 
by Peterson (12)) is important in deter- 
mining fatigue strength and larger diam- 
eter specimens have, for a given outer 
fiber stress, lower stress gradient than 
smaller specimens. The flat bars used in 
this investigation had about twice the 
volume of critically stressed material as 
the round bars; the flat bars also had 
about twice as high a stress gradient as 
the round bars. In addition, the flat bars 
had sharp corners in contrast to the 
round bars; however, failure did not 
always occur at corners. Testing speeds 
were also different for the two sets of 
bars; however, speed effects in this range 
usually have been considered negligible 
for steels at room temperature in non- 
corrosive environment. 

Whatever the cause or causes of the 
difference in results of tests on flat bars 
and on round bars, this difference is not 
out of line with some other published 
results. Table V shows some comparisons 
of endurance limits determined on flat 
bars in plane bending and on round bars 


2) 


RATIO ENDURANCE LIMIT FLAT BARS 
TO ENDURANCE LIMIT ROUND BARS 
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4 Fic. 12.—Ratios of Flat-Bar Enduranc 
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in rotating bending. Only values for 
gently ground bars have been included 
from this investigation, since it seems 
likely that only these have similar sur- 
faces in the two shapes; for details of 
surfacing specimens in previously re- 
ported studies, the references cited 
should be consulted. Figure 12 shows the 
ratio of flat-bar endurance limit to 
round-bar endurance limit plotted 
against ultimate tensile strength. A 
trend for this shape factor to decrease 
with increasing hardness of the steel is 
apparent. Results of the present inves- 
tigation are in line with this trend. 


Scatter of Points on S-N Curves: 


Since extreme care was used in sur- 
facing the test specimens in this investi- 
gation, it appeared interesting to observe 
to what extent scatter of points might 
correlate with surface conditions of indi- 
vidual specimens. In view of the limited 
number of specimens for any curve, 
such observations must be considered 
wholly speculative. 

For the data on flat bars, scatter could 
not be correlated with changes in cur- 
vature during processing, with burn 
depth, or with small variations in Rock- 
well hardness. However, there appears 
a possibility that the degree of scatter 
was influenced by the manner of proc- 
essing. Scatter was low for gently 
ground bars (C and I) and for the elec- 
tro polished ones (K). It was also low 
for the severely ground bars with hard- 
ness of Rockwell C 59 (E) but medium 
for the severely ground group with 
hardness of Rockwell C 45 (L). Hand 
polishing increased the scatter both 
after gentle grinding (D) and after 
severe grinding (F). Shot peening (J and 
M) resulted in medium scatter, and 
tumbling (N) in high scatter. It thus 
appears that the gentle grinding, whether 
or not followed by electrolytic polishing, 
resulted in the most uniform test speci- 
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mens and that the hand polishing de- 
stroyed some of the uniformity. This 
seems reasonable since the gentle grind- 
ing employed might be expected to be 
more reproducible in its effect on the 
surface than polishing by hand with 
abrasive cloth. Operations like severe 
grinding, shot peening, and tumbling 
might also be expected to result in some 
nonuniformities in surface. ; 

A similar analysis of the scatter of 
data on the round bars failed to corrob- 
orate the trends shown by tests on flat 
bars. This apparent lack of agreement 
may be partly due to the appreciable 
roughness of the round bars in the gently 
ground condition which was not com- 
pletely eliminated in subsequent proc- 
essing; occasional scratches in an other- 
wise smooth surface are not recorded by 
the profilometer. Moreover, most surface 
treatments of round bars were not so well 
documented (for example, by observa- 
tion of change of curvature) as treat- 
ments of flat bars; therefore, unnoticed 
variations in surfacing may have oc- 
curred. It is worth noting that in the 
two groups (MA and MG) of bars heat 
treated after grinding and polishing in 
the annealed state, the polishing was 
much more effective in removing the 
grinding scratches, and the scatter was 
low. 

These speculations on possible origins 


of scatter in S-N curves suggest that — 


further work along the lines of careful 
study of surface conditions might be 
profitable in uncovering some of the 
variables contributing to scatter of re- 
sults of fatigue tests. 


CONCLUSIONS 


1. Very careful longitudinal grinding 


of hardened steel fatigue test bars, 
whether flat or round, did not have any 
adverse effect on their fatigue strength. 
Contrary reports, published and other- 
wise, are attributed to unrecognized 
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defects resulting from faulty grinding 
practice. 

2. Severe grinding in a longitudinal 
direction appreciably lowered the re- 
versed-bending endurance limits of flat 
bars. The decrease was roughly 20 to 25 
per cent for the particularly severe 
grinding conditions used—a much harder 
wheel than proper, and a 0.002-in. unit 
downfeed. The harder bars (Rockwell 
C 59) so ground were badly overtem- 
pered, while the medium hard (Rockwell 
C 45) bars were not detectably burned; 
however, bars of both sets were severely 
stressed in tension. The grinding was not 
abusive enough to reharden the surface 
or to cause surface cracking of the steel 
used, or the drop in endurance limit 
might have been correspondingly greater. 

3. Shot peening and abrasive tumbling 
both increased the endurance limits ob- 
served for the flat bars. The endurance 
limit of severely ground flat bars was in- 
creased by these processes to values above 
that for bars left in the gently ground con- 
dition. This does not imply that defects 
resulting from poor grinding practice can 
necessarily be corrected in this manner. 

4. Reversed-bending endurance limits 
of flat bars were lower, roughly by a fac- 
tor of two, than rotating-bending en- 
durance limits of round bars. The ratio 
of flat to round-bar endurance limits of 
steel apparently decreases with in- 
creasing tensile strength. 

5. Effects of surface processing on the 
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round-bar endurance limits were less 
pronounced (and less obviously explain- 
able) than in the case of flat bars. 

6. In view of items 4 and 5 above, 
results of rotating-bending tests of 
round bars do not afford adequate evalu- 
ation of surfacing processes for all design 
purposes. 

7. In the preparation of fatigue test 
specimens, attention should be paid not 
only to the geometrical nature of the 
finish but also to possible physical 
changes in the surface layers during 
preparation. 
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DISCUSSION 


Mr. J. O. ALMEN! (presented in writ- 
ten form).—It is a pleasure to find that 
the Norton Co., through Messrs. Tarasov 
and Grover, is earnestly seeking for the 
truth in regard to the effects of grinding 
upon the fatigue strength of ground sur- 
faces. Although the evidence will neces- 
sarily confirm my oft-repeated conten- 
tions that actual and extensive loss of 
fatigue strength is inflicted on ground 
machine parts, the publication of these 
facts will go far to reduce abusive grind- 
ing room practices. 

It is hoped that future papers will in- 
clude actual measured residual stresses in 
the surfaces of fatigue specimens, since 
the data will not become intelligible 
until the actual stress is known. The 
present paper misinterprets many impor- 
tant findings because of unwarranted 
assumptions. Until measurements are 
made of the residual stress magnitude at 
the extreme surface of the specimen the 
conclusions regarding the failure stress 
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are little more than guesses. The state- 
ment on page 669 of the paper that 

. the physical effects of grinding were 
studied rather than those connected 
with the resulting surface geometry,” 
would be justified if the actual stress had 
been measured. 


FATIGUE STRENGTH GAIN OR © 
Loss EXPLAINED 


The reasons for the gain or loss of 
fatigue strength that results from the 
various surface finishing operations that 
are discussed by Tarasov and Grover 
have been presented in a number of 
publications’: *: that apparently have 
escaped the attention or the serious 
consideration of the authors. These pub- 
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lications advance the concepts and pre- 
sent supporting data which, when the 
actual stresses are known will be further 
confirmed by the Tarasov and Grover 
paper, that 

1. The fatigue strength of surfaces is 
much lower than the fatigue strength of 
sound sub-surface metal. 

2. Fatigue failures are tensile failures. 

3. The yield strength of metals under 
repeated loads is much lower than the 
yield strength as measured by gtatic 
tests. 


the wheel at any instant is severely 
heated by the local work of rapidly cut- 
ting and tearing metal particles from 
the surface. The hot metal seeks to ex- 
pand thermally, but being restrained by 
adjacent cold metal, the hot area be- 
comes compressively stressed. When this 
stress exceeds the transient yield strength 
of the metal at the instantaneous tem 
perature of the hot spot, compressive 
plastic yielding occurs. As the grinding 
wheel advances, the plastically deformed 
metal cools and contracts, whereupon 


200 000 


Tension, psi. 


Fic. 13.—Residual Stress Caused by Grinding. 


Although normal commercial grinding 
may sometimes increase the fatigue 
strength of severely “notched” speci- 
mens by reducing the magnitude of local 
tensile stress raisers, it decreases the 
fatigue strength of surfaces that are 
reasonably smooth. Since commercial 
grinding induces residual tensile stress 
in a thin surface layer, the fatigue 
strength of smooth specimens is reduced 
by an amount approaching the magni- 
tude of the relained residual tensile 
stress that is induced by grinding. 

Commerical grinding induces resid- 
ual tensile stress in the ground surface 
because the metal immediately under 


residual tensile stress is developed in 
magnitude and depth proportional to the 
extent of plastic compressive yielding. 


GRINDING STRESS MEASURED 


Residual stress measurements by the 
Research Laboratories Division of the 
General Motors Corp. indicate that, de- 
pending upon the manner of grinding, 
tensile stress may approach the ultimate 
strength of hard steel without cracking 
as is shown in Fig. 13 which is repro- 
duced from an earlier publication.* This 
chart records residual tensile stress in 
spring steel 275,000 
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When metal is removed by a cutting 
tool at a rate that does not develop 
appreciable heat, the residual stress that 
is induced is found to be compressive. 
This is presumably the result of plastic 
“smearing” of the surface metal by the 
cutting tool. Thus honing and filing 
induced residual compressive stress as 
is shown in Fig. 14(6) and (c) by the fact 
that these specimens are curved convex 
on the honed and filed surfaces in con- 
trast to the concave curvature of the 
ground specimen (Fig. 14(a)). Normal 
grinding also “‘smears”’ the surface metal, 
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easily broken away as they become dull, 
whereas strong binders retain dull gran- 
ules which increase local pressure and 
frictional heat. Local heat also decreases 
as the depth of the cut is decreased. 


GRINDING STRESS REDUCED 


By the use of very soft wheels and ex- 
tremely shallow cuts the Research Labo- 
ratories Division of the General Motors 
Corp. has shown that it is possible to 
reduce the residual tensile stress induced 
by grinding to a lower magnitude than 
the residual compressive stress that is 


(a) Grinding (Tension). (b) Filing (Compression). (c) Honing (Compression). 
Fic. 14.—Curvature of Specimens Shows Stress Induced in Surface by Various Treatments. 


and residual compressive stress would 
result except for the transient heat and 
consequent compressive plastic yielding 
that occurs. The local heat of grinding 
and the resulting residual tensile stress 
is reduced as the local work of cutting 
away metal particles is reduced. A grind- 
ing wheel having sharp cutting edges 
generates less heat than a wheel having 
dull cutting edges. Sharper cutting 
edges are assured when the wheel is 
frequently dressed. Also a wheel having 
a weak binding material will be sharper 
than a wheel having a strong binding 
material because dull granules will be 


developed by “‘smearing”’ of the surface. 
The result is that thin, stress-free strips 
are found to curve convex on the ground 
side, indicating residual compressive 
stress instead of curving concave, indi- 
cating residual tensile stress, as occurs 
when the strips are ground with harder 
wheels or with deeper cuts. 

The grinding technique described by 
Tarasov and Grover as “gentle grind- 
ing” presumably is an approach to the 
General Motors Research experiments. 
Although these “gentle grinding” ex- 
periments are interesting and informa- 
tive, it must not be assumed that “gentle 
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grinding” can be practiced in commer- 
cial work. Commerical grinding demands 
methods that will not unduly hamper 
production. Grinding wheels of the soft- 
ness that is required for “gentle grind- 
ing’”’ reduce production rates because in- 
creased wheel wear makes it is necessary 
to dress the wheel more frequently. The 
shallow depth of cut that is necessary in 
“gentle grinding” cannot be tolerated in 
high rate production shops because of 
the limitations on output that would be 
imposed. 

Since it will continue to be necessary 
to grind a large variety of machine parts 
and since “gentle grinding” as used by 
Tarasov and Grover is impractical in 
production, the best that can be ex- 
pected is a compromise in the grinding 
practice as applied to highly stressed 
parts. The probable compromise, which is 
already in extensive use, will be to grind 
in such manner as to reduce the induced 
residual tensile stress to values well below 
the spontaneous fracture (stress-corro- 
sion cracking) point. The ground sur- 
faces, as well as other surfaces of the 
part, may then be subjected to a pre- 
stressing treatment such as shot peening, 
rolling or tumbling, whereby the harm- 
ful residual tensile stress is converted to 
beneficial residual compressive stress. 


GRINDING DAMAGE REMOVED 


The above procedure will result in 
fatigue strength of ground surfaces 
greater than is possible by the most 
“gentle” grinding alone as is indicated 
by the results that were obtained by 
Tarasov and Grover from test groups I 
and M, Fig. 6. In fact, the gain will 
probably be greater than is indicated 
by the above tests because a greater 
portion of the residual compressive stress 
will be retained in machine parts than in 
the rotating-beam fatigue specimens as 
will be described. 

The nee limit of residual ten- 


sile stress that may be induced by grind- 
ing can probably be measured by the 
etching method discussed by Tarasov 
in an earlier paper.® It must not be as- 
sumed, however, that the low-tempera- 
ture annealing treatment that is recom- 
mended by Tarasov’ is an adequate relief 
of the induced residual tensile stress for 
the purpose of restoring fatigue strength. 
All that this low-temperature annealing 
treatment can accomplish is to reduce 
the stress sufficiently to avoid spontane- 
ous cracking of the ground surface before 
the part is put to practical use. That is, 
suppose that the residual tensile stress 
induced by grinding is 250,000 psi. and 
the spontaneous cracking stress after 
etching is 225,000 psi. A low-temperature 
annealing treatment may be sufficient 
to reduce the residual stress from 250,000 
to 220,000 psi., which would prevent 
spontaneous cracking, but the fatigue 
strength of specimens that had not de- 
veloped spontaneous cracks would not 
be improved. Adequate stress relief from 
the standpoint of fatigue strength is 
impossible in hard steel because the an- 
nealing temperature would necessarily 
be so great as to soften the metal. This 
is shown in the present paper by Tarasov 
and Grover which presents fatigue data 
in test groups I and L (Fig. 6) showing 
that damaging residual stress is still 
present after tempering for 1 hr. at 890 
F, 

The authors state that their observa- 
tion ‘‘...is thought to be the first evi- 
dence that tumbling can have a beneficial 
effect on fatigue strength.” I do not know 
when this effect was first observed, but it 
has long been well known. Tumbling has 
been mentioned as an alternate pre- 


stressing process in several publica- 

tions.” 

¢L. P. Tarasov, “Detection, Causes and Prevention of 

Injury to Ground Surfaces,” Transactions, Am. Soc. 
Metals, Vol. 36, p. 389 (1946). 
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AcTUAL STRESS UNKNOWN 


The data presented by Tarasov and 
Grover purport to show the fatigue 
strength of specimens in terms of pounds 
per square inch. Since all specimens 
tested were residually stressed and since 
the magnitude of the residual stress was 
not measured the data should properly 
be presented in terms of nominal stress. 

In future tests, the residual stress 
should be measured by processes that 
are capable of precision equal to or 
greater than is obtained by the dissec- 
tion stress measurements as made by the 
Research Laboratories Division of the 
General Motors Corp. This process dif- 
fers from dissection processes frequently 
reported in the literature only in the de- 
gree of accuracy that is considered neces- 
sary. The stress in rotating-beam, 
cantilever, and similar specimens is 
usually measured only in the direction 
of the principal applied tensile stress with 
special attention to the stress magnitude 
at the extreme surface. This requires 
the removal of many layers of metal not 
exceeding 0.0005 in. in thickness.’ The 
special gentle grinding technique de- 
scribed above was developed to avoid 
introducing new residual stresses of 
appreciable magnitude, since such 
stresses would detract from the accuracy 
of the measurements. 

In the absence of surface residual com- 
pressive stress of great magnitude, to- 
gether with great surface yield strength 
such as may be developed by nitriding 
and carburizing, fatigue failures will al- 
ways originate at the surface for the 
reason that the fatigue strength of sur- 
faces is lower than sound sub-surface 
metal. The significant stress in fatigue 
is, therefore, the actual stress at the ex- 
treme surface, that is, the sum of the 
residual stress and the applied stress. 
Since fatigue failures are tensile failures, 
the important surface stress is that 
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which acts in the direction of the maxi- 
mum applied tensile stress. 


Stress CHANGE DuRING TEST 


It is not enough to measure the resid- 
ual stress in specimens as processed be- 
cause the magnitude of this stress 
changes continually during fatigue test- 
ing. The residual stress changes vary 
with the manner of loading and with 
the dynamic yield strength of the metal 
being tested. The dynamic yield strength 
is lower than the yield strength measured 
by static loads. 

In fatigue specimens subjected to re- 
versed bending such as were used by 
Tarasov and Grover, the surfaces are 
alternately stressed in tension and com- 
pression. Let us assume that pre-stressing 
as by shot peening has induced residual 
compressive stress equal to one half of 
the nominal yield strength of the metal. 
Let us further assume that the applied 
bending stress is equal to 75 per cent of 
the nominal yield strength of the metal. 
The actual strain on the compression 
side of the specimen will then be 50 + 
75 = 125 per cent of the nominal yield 
strength. Compressive yielding will nec- 
essarily occur which, on the basis of the 
above assumptions, will reduce the re- 
sidual compressive stress from 50 to 25 
per cent of the nominal yield strength. 


DyNAMIC YIELDING 


The loss of residual stress will, how- 
ever, be greater than 25 per cent be- 
cause the dynamic yield strength is less 
than the static yield strength. Assuming 
that the dynamic yield strength is equal 
to 90 per cent of the static yield strength, 
we find that the retained residual com- 
pressive stress will be reduced to 15 per 
cent of the nominal yield strength or 
three-tenths of its original value. Many 
instances are known in which most 
or all of the residual compressive 
stress from pre-stressing operations has 
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been lost forrotating-beam and reversed- 
bending specimens. In such instances the 
interpretation of the test data usually 
advanced is that the pre-stressing treat- 
ments were of little or no value. This is, 
of course, true for the particular test 
specimens but is incorrect when the 
treatments are applied to machine parts 
or to uni-directional-bending fatigue spec- 
imens. 

Actual reduction of fatigue strength 
of shot-peened specimens is occasionally 
reported. These losses are found to be 
due to almost complete loss of the resid- 
ual compressive stress by dynamic yield- 
ing. With the loss of the protective com- 
pressive stress, the stress raisers that 
are formed by the shot peening, such as 
bruises, folds, and sharp indentations, 
become effective in increasing local ten- 
sile stresses and early failure results. 

The magnitude of the residual tensile 
stress that can be retained is also limited 
because of tensile yielding in bending, 
torsion, and repeated tension-fatigue 
fatigue tests. The residual stresses in- 
duced by severe grinding will be ad- 
justed downward during normal fatigue 
testing. The fatigue damage from grind- 
ing will, therefore, automatically ap- 
proach a common level providing the 
metal is sufficiently ductile to plastically 
elongate without damage. 


CONVENTIONAL FATIGUE TESTS 
HAVE LITTLE VALUE 


The loss of residual stresses from 
rotating-beam, reversed-bending, and re- 
versed-torsion specimens acts to decrease 
the fatigue strength of specimens proc- 
essed to develop residual compressive 
stresses. It is, therefore, important to 
recognize that few machine elements are 
loaded in such manner that the stresses 
are reversed, and of the few in which the 
load is reversed, in practically none is the 
stress magnitude the same in both direc- 
tions. 
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It follows that rotating-beam, re- 
versed-bending, and _ reversed-torsion 
specimens are incapable of measuring the 
worth of residual stresses in so far as these 
stresses will add to the fatigue strength 
of machine parts or to arbitrary uni- 
directional-loaded laboratory specimens. 
It is also true that our conventional tests 
do not measure the fatigue strength of 
the specimen metal; all that is measured 
is the fatigue weakness of the surfaces. 
Even this measurement is in error be- 
cause the accepted procedure for pre- 
paring fatigue specimens is to cold polish 
the surface in the belief that this re- 
moves most of the extraneous effects and 
thus establishes “par” for the specimen 
material. It seems not to be understood 
that polishing induces residual com- 
pressive stress which, in the only in- 
stances in which quantitative values are 
available,’:® increased the apparent sur- 
face strength by 11 to 15 per cent. 

These facts suggest that future tests 
should include variously processed spec- 
imens loaded in uni-directional bending 
and uni-directional torsion. Interpreta- 
tion of the data will require measuring 
the residual stress to the highest possible 
accuracy. The measurements should be 
made on specimens that have not been 
fatigue tested and in other specimens 
after prolonged fatigue testing. 

Mr. S. A. Gorpon.*—I should like to 
ask Mr. Tarasov to describe the tum- 
bling abrasive used. Also, was the direc- 
tion of grinding the same in the flat and 
round bars? 

The authors pointed out that the 
effect of shape and size was a matter of 
conjecture in fatigue testing. It is my 


7H. F. Moore, “Size Effect and Notch Sensitivity in 
Fatigue Tests of Steel,’’ Proceedings, Am. Soc. Testing 
Mats., Vol. 45, p. 516 (1945). 

* D. Morkovinand H. F. Moore, “Effect of Size of Speci- 
men on Fatigue Strength of Three Types of Steel,” Report 
of the Research Committee on Fatigue of Metals (Ap- 
pendix), Proceedings, Am. Soc. Testing Mats., Vol. 44, pp. 
143, 144 (1944). ; 

* Chief Structural Test Engineer, The Glenn L. Martin 
Co., Baltimore, Md. 
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opinion that substantial evidence exists 
to prove that size and shape have defi- 
nite effects on fatigue that must be con- 
sidered in the evaluation. 

Mr. Haakon (by letier)—It 
has been very interesting to study the 
tests described in this paper and the 
authors’ evaluation of the effect of vari- 
ous surface finishes on flat bars in re- 
versed bending and on round bars in 
rotating bending. 

The values of endurance limits arrived 
at seem too uncertain because of the 


if lives to failure at the higher loads may 
not be of more significance than the 
endurance limits in evaluating the per- 
formance of the product. That is the 
method used in estimating capacities of 
rolling bearings. 

In addition to the effect of surface 
finish, there are other factors in the en- 
durance of heat-treated high-carbon 
steels which are of importance, namely, 
the quality of the material and the 
direction of strain applied relative to 
grain direction. 


d 


limited number of tests, particularly at 
loads near the endurance limit. In 
group D we find that more specimens 
have failed at longer lives than in C, 
yet the endurance limit for C is higher; 
in group F more lives are longer than in 
E but both have the same endurance 
limit. In group MJ the lives are much 
higher than in MG, but endurance limits 
are respectively 128,000 and 130,000 
psi., and in group MK much higher than 
in MH but with only slightly higher 
endurance limits. It may be questioned 


© Director of Research, SKF Industries, Inc., Philadel- 
phia, Pa. 


Fic. 15.—Krouse Fatigue Specimen for Sheet Metal. 
+ = starting point of failure 
Showing Distribution of Failures Occurring in Hardened S.A.E. 52100 Steel. 


About eight years ago some tests 
were run in our laboratory on specimens 
taken from a tubing 3% in. in outside 


diameter with a 3 in. wall, made of | 


S.A.E. 52100 steel. From one length of 
tubing the outside diameter was 
machined down to 3.557 in. and the bore 
was machined to 3.432 in., so that the 
remaining wall would represent the 
outside portion of the original tube 
From another length of tubing the bore 
was machined to 2.825 in. and the out- 


side diameter machined to 2.950 in. © 


which gives material from the inside of 


the original tubing. These pieces of © 
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tubing were split lengthwise, annealed, 
flattened and reannealed. From the 
flat pieces, specimens of the Krouse 
type shown in Fig. 15 were blanked out, 
some in direction of the tube axis, 
others crosswise to the axis. The speci- 
mens were quenched in oil from 840 C. 
and tempered to 175 C. for 1 hr. They 
were then carefully ground on both 


the tube and tested normal to the axis of 
the tube gave the lowest values. 

The conclusions drawn from this are 
(a) that harmful impurities, or other 
defects, are more prevalent in the bore 
than in the outside parts of the tube, 
which must be expected, as it is well 
known by direct observation that the 
core of the ingot has more impurities 
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Fic. 16.—Endurance of 0.050 in. Flat Cantilever Specimens of S.A.E. 52100 Steel. 


sides to a: finish of 20 microinches 
rms. in a direction which would be 
parallel to the direction of straining 
reversed bending, and the edges were 
carefully rounded by stoning. The lives 
are plotted in Fig. 16 and show clearly 
that the specimens taken from the out- 
side of the tube and tested with the 
direction of the grain parallel to the 
direction of strain gave the best values, 
while the specimens from the inside of 


100 OO! Ol 


Rce=621 


Oil Quenched From 825C, 
Tempered |75C. | Hr 


than the outer portion, and (6) that 
tests run with the direction of strain 
normal to the grain direction give lower 
endurance values than when the strain 
is applied parallel to the grain direction. 

The marks + which are plotted in 
Fig. 15 give the location of the fractures 
in the specimens from all four groups, 
and indicate that the fractures have 
random starting points. 
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Messrs. L. P. Tarasov anv H. J. 
GROVER (authors’ closure)-——Mr. Al- 
men’s interesting comments, based as 
they are upon considerable experience in 
the practical evaluation of fatigue data, 
include an exposition of his ideas con- 
cerning the proper way to perform 
fatigue tests when the effects of processes 
resulting in residual stresses are under 
investigation. However, he does not 
offer any experimental evidence to sub- 
stantiate his conclusion that the com- 
monly used fatigue tests, in which the 
specimen surfaces are stressed alternately 
in tension and compression, are worthless 
for predicting the fatigue behavior of 
machine parts. According to this picture, 
there would be little if any improvement 
in reversed-bending fatigue strength as 
a result of shot peening or tumbling, 
contrary to what was actually found. 

His remarks deserve careful con- 
sideration in planning future tests along 
this line, but they do not justify his 
contention that we have misinterpreted 
many important findings because of un- 
warranted assumptions and failure to 
measure the residual surface stresses in 
the test specimens. The fundamental 
purpose of this paper was to show what 
happened to the fatigue strength of two 
shapes of hardened and tempered steel 
bars as a result of grinding or other 
final operation, and not why it happened. 
Granted that it would be highly in- 
teresting to relate the fatigue data to the 
actual residual stresses originally present 
in the test specimens, this is not neces- 
sary in order to find out how grinding 
severity, for instance, affects the fatigue 
strength under specified conditions of 
test. In this exploratory work, we chose 
to study the physical effects of grinding 
and not of grinding stresses. 

We must also take exception to the 
statement that “extensive loss of fatigue 
strength is inflicted on ground machine 
parts,” since this is bound to be mis- 
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interpreted by the casual reader. Were 
Mr. Almen to say “can be” instead of 
“is,” we would be in full agreement. 
We do not know of any real evidence 
that good commercial grinding practice 
lowers the fatigue strength measurably, 
although it is true that certain processes, 
like shot peening, may raise it above the 

* value for a completely stress-free 
surface. Abusive grinding, which does 
lower it, is known from _ extensive 
trouble-shooting experience to be the 
exception rather than the rule. It should 
also be kept in mind that even when the 
fatigue strength is lowered by improper 
grinding, many parts are designed so 
that they do not fail from fatigue, and it 
is inadvisable to raise grinding costs, as — 
might be necessary to attain perfection 
from the standpoint of fatigue, when the 
service life is considered satisfactory. 

We agree that surface stresses have 
an important effect upon fatigue 
strength, as evidenced by our discussion 
centering about the admittedly specu- 
lative Goodman-type diagram of Fig. 
11, but we do not believe that everything 
can be explained by stresses. The effects 
of cold work may be equally important. 
We suspect that had we measured the 
surface stresses as suggested, we would | 
have found it difficult to explain some of | 
the fatigue results in terms of the 
stresses alone. For example, the data in 
Table I show no increase in endurance — 
limit resulting from the hand polishing 
of the flat bars, yet they were known to 
have been considerably stressed in com- — 
pression by the polishing operation; at 
the same time, tumbled or shot-peened 
bars, also stressed in compression, had > 
very much higher endurance limits. 

A great deal of research will have to | 
beperformed before the effects of grinding © 
(and other surface-affecting processes) — 
upon the fatigue strength can be properly — 
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may be found to be involved. The im- 
portance of obtaining detailed knowledge 
about grinding stresses and related 
phenomena is recognized by the grinding 
wheel manufacturers. H. R. Letner is 
currently studying these problems at the 
Mellon Institute of Industrial Research 
under a fellowship maintained by the 
Grinding Wheel Inst. When sufficient 
knowledge has been obtained about 
grinding stresses, it is considered likely 
that a study will then be undertaken to 
determine the effects of both grinding 
conditions and grinding stresses upon 
fatigue strength. 

Mr. Almen’s statement that “the 
fatigue strength of smooth specimens is 
reduced by an amount approaching the 
magnitude of the retained residual 
tensile stress’”” may be very misleading. 
The reduction in conventionally defined 
(nominal stress amplitude) endurance 
limits, predicted by a Goodman-type 
diagram such as that in Fig. 11, would be 
approximately: 


S.—S/= 


where: aha 


SoS 


S,. = endurance limit, 
grinding stress, 
endurance limit, 
grinding stress, 

S, = residual tensile stress, 
due to grinding, and 

S, = ultimate tensile strength, in psi. 


in psi., with no 


in psi., with 


in psi., 


Thus, for a steel of 300,000 psi. ultimate 
strength and an endurance limit of 
80,000 psi., the reduction in endurance 
limit due to a residual tensile stress of 
100,000 psi. would be about 27,000 psi. 
Severe grinding of the flat bars used in 
our investigation introduced a maximum 
tensile stress of about 100,000 psi., this 
value being estimated from stress data 
obtained by us in connection with other 
experiments. Table I shows that the 
endurance limit in the severely ground 
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condition was only 15,000 to 20,000 psi. 
less than in the gently ground or gently 
ground and polished conditions. 

Since Mr. Almen uses Fig. 13 to il- 
lustrate the stress gradient that may be 
found in a ground surface, it should be 
pointed out that his value of 275,000 
psi. for the maximum residual tensile 
stress is several times higher than has 
been found by Frisch and Thomsen" 
for somewhat different surface grinding 
conditions, or by Letner,” and also by 
ourselves, for quite similar grinding 
conditions. Moreover, the depth of stress 
penetration shown in Fig. 13, even when 
reasonably extrapolated to zero stress, is 
several times lower than found by any 
of the investigators just mentioned. In 
view of the general agreement among the 
numerous individual determinations of 
grinding stress gradient, it appears that 
the single determination cited by Mr. 
Almen is not at all representative. It may 
be that considerable unsuspected error 
was introduced in his pioneering study of 
grinding stress gradient by the use of a 
honing operation to remove successive 
thin layers from the stressed surface in 
order to determine the stress distribu- 
tion. The compressive stresses set up in 
honing may have so disturbed the 
changes in curvature resulting from the 
removal of successive layers that the cal- 
culated stresses were much too high; 
likewise, the compressive stresses may 
have masked the rather small tensile 
stresses present as much as several 
thousandths of an inch below the ground 
surface. It might also be remarked at 
this point that the ground strip in Fig. 
14, used to illustrate the curvature 
induced by tensile surface stresses, has 
been ground so abusively, as shown by 
the outstanding burn pattern, that it 
should not be considered as representa- 


1 J. Frisch and E. G. Thomsen, ‘‘Residual Grinding 
Stresses in Mild Steel,” 


Preprint 50-F-10, Am. Soc. 
Mechanical Engrs. (1950). 
12 [bid., discussion by H. R. Letner. 
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tive of even poor commercial grinding 
practice. 

The purpose of our “gentle grinding” 
was to establish a base line from which 
the effects of grinding severity could be 
conveniently determined. This gentle 
grinding does not measurably lower the 
endurance limit, and even though such 
grinding is not practicable under high 
production conditions, it is an ideal that 
can be approached as closely as 
economics warrants. We do not yet have 
any data to show the effect on the en- 
durance limit of commercial grinding 
practice in which care is taken to avoid 
burning the surface, but on the basis of 
our unpublished flat-bar curvature data 
obtained under conditions representative 
of such practice we do not expect to 
find any significant drop in the en- 
durance limit. Only further experimenta- 
tion will tell just how severely a surface 
must be ground in order for the en- 
durance limit to be lowered appreci- 
ably. 

Mr. Almen may be right in saying 
saying that low-temperature stress relief 
of severely ground hardened steel will 
not restore the fatigue strength to its 
“uninjured” value, but we know of no evi- 
dence one way or the other. His citation 
of our data to support his stand is due to 
a misunderstanding since the tempering 
operation at 890 F. to which he refers 
was performed prior to grinding inorder 
to lower the hardness to Rockwell 
C45, and not after grinding so as to 
stress relieve the ground surfaces. 

The references cited by Mr. Almen 
with regard to the beneficial affect of 
abrasive tumbling upon fatigue strength 
contain no data but are unsupported 
assertions that tumbling is beneficial 
because it introduces compressive 
stresses. We do not consider it safe to 
assume that the presence of such stresses 
necessarily leads to an improvement in 


the fatigue strength. As was mentioned 


earlier, hand polishing of the gently 
ground flat bars introduced compressive 
stresses, conceivably of the same order 
of magnitude as did the tumbling 
operation, yet there was no increase in 
fatigue strength. If Mr. Almen has 
corroborative experimental data show- 
ing the improvement of fatigue strength 
as a result of tumbling, we would 
certainly be glad to see them published. 

The stresses in the S-N diagrams were 
the nominal maximum applied stresses 
as described under “Fatigue-Test Pro- 
cedures,’ and this should perhaps have 
also been stated in the diagrams them- 
selves. However, even if we knew the 
magnitudes of the residual stresses, 
we would still use the maximum applied 
stresses in plotting since the residual 
stresses may be insufficient to define 
the condition of the surface with respect 
to fatigue strength; moreover, the resi- 
dual stresses will probably be altered 
in the course of the fatigue test so that 
it would not be possible to choose a 
meaningful value of applied plus residual 
stress for plotting purposes. 

While unidirectional bending may 
lead to different results than does re- 
versed bending, it still does not follow 
that the latter method is incapable of 
measuring the beneficial or detrimental 
effects of various surface processing 
treatments from the standpoint of the 
fatigue strength of actual machine parts. 
Only experimentation will reveal which 
testing methods are reasonably satis- 
factory for this purpose. Unidirectional 
bending tests should certainly be tried, 
as suggested by Mr. Almen, but we have 
our doubts about the value of unidirec- 
tional torsion tests for evaluating the 
effect of grinding severity on fatigue 
strength for the reason that it is so 
difficult to obtain reproducible degrees 
of grinding severity in round specimens. 
(See discussion under Group ML. Dry- 
Ground Bars). Finally, not — should 
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the magnitudes of the residual stresses 
be determined at various stages of the 
fatigue test but also the degree of cold 
working introduced by the various 
surface-processing treatments, if we are 
to understand the manner in which the 
treatments affect the fatigue strength. 

In reply to Mr. Gordon, the tumbling 
abrasive consisted of electric-furnace 
aluminum oxide in rounded blocky form, 
the average dimension being in the 
range of 3 to 2 in. The grinding direction 


expected service usage of this product. 
One purpose of presenting the complete 
S-N diagrams in the paper was to make 
the data available for comparison with 
any future results, when the factors 
affecting the sloping portion of the curve 
may be understood better than they are 
at present. 

Since our test bars were all cut with 
their lengths parallel to the rolling 
direction, the fatigue data were not 
influenced by the directional effect 
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was longitudinal for both the flat and 
round bars. That the fatigue strength is 
affected by the size and shape of the 
test specimens is clearly indicated by 
the results of this and previous work, but 
we feel that the reason for this effect is 
still a matter of conjecture. 

Mr. Styri brings up the point that 
improvement in life above the endurance 
limit did not correlate with improvement 
in endurance limit resulting from suit- 
able changes in surface processing. A 
possible explanation is that not nearly 
enough test specimens were available to 
establish the sloping portions of the S-V 
curves with any degree of reliability. 
However, it is not necessarily surprising 
to find different results of surface treat- 
ment on high-stress short-lifetime be- 
havior and on the endurance-limit be- 
havior. Which of these regions is more 
important in evaluating the performance 
of a product depends largely on the 


described by Mr. Styri. Metallographic 
examination of the broken test bars 
showed only occasional inclusions, with 
no essential difference in cleanliness 
between the flat and the round bars, 
both of which came from the core 
portion of the original bar stock. Thus 
the inclusion content was not a factor in 
the pronounced difference between the 
fatigue data for the two types of bars. 

In conclusion, the following are some 
of the important problems requiring 
detailed study if we are to understand 
how fatigue strength may be affected by 
surface processing: 

1. Effect of test method, involving a 
comparison of unidirectional and_re- 
versed bending. 

2. Effect of processing severity in 
terms of residual stress and cold work. 

3. Effect of surface finish with respect 
to roughness and directional character- 
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EFFECT OF CHROMIUM PLATING ON THE ENDURANCE LIMIT OF 
STEELS USED IN AIRCRAFT*:! 


By Hucs L. Locan? 


Chromium plating reduced the endurance limits of both normalized and 
hardened (quenched-and-tempered) S.A.E. X4130 steels; the reduction was 
larger for the hardened steel. The endurance limits for steel of a given hard- 
ness decreased with increased plating bath temperatures. Baking of the 


400 to 440 C. 


During the period of 1930 to 1936 the 
Bureau of Aeronautics, Navy Depart- 
ment, submitted for examination a 
number of chromium-plated hollow- 
steel airplane propeller blades that had 
failed by fatigue in service. Preliminary 
fatigue tests in the laboratory confirmed 
conclusions, based on the examination 
of the propeller failures, that the en- 
durance limit of the steel was materially 
reduced by chromium plating. In ad- 
dition to the plating of propeller blades 
and other parts for protective purposes, 
manufacturers and maintenance shops 
were exploring the possibilities of re- 
claiming by chromium plating worn and 
undersize parts. These considerations 
prompted the Bureau of Aeronautics to 
support an extensive investigation con- 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
1 Reprinted from Journal of Research, Nat. Bureau 
er Vol. 43, August, 1949. 
Metallurigist, National Bureau of Standards, Wash- 
ington, D. 


plated steel, at temperatures up to 350 C., reduced the endurance limit; bak- 
ing at 440 C. increased the endurance limit of the plated steel. However (for 
hardened steel) baking did not restore the endurance limit to that of the 
unplated steel. Damaging effects of chromium on the endurance limits of 
plated steels are attributed to stresses in the chromium or steel, which are 
increased by low-temperature baking but are relieved in part by baking at 


ducted by the National Bureau of Stand- 
ards on the effect of chromium plating 
on the endurance limits of steels used in 
aircraft. 

Two steels designated S.A.E. X4130 
and 6130 were used in the investigation. 
However, most of the tests were made 
on X4130 steel, heat treated to a hard- 
ness of about Rockwell 40 C, with an 
ultimate tensile strength of approxi- 
mately 180,000 psi. 

The first phase of this study provided 
for the determination of the effects of 
chromium, as plated, on the endurance 
limit of the steels. The variables studied 
were: (1) plate thickness, (2) hardness 
of the steels plated, (3) current densities 
and temperatures of the plating baths, 
(4) surface grinding of the chromium 
after plating, and (5) interruptions of 
the plating process. 

A second phase of the investigation 
was a apateatic amy of the effect of 
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heating on the endurance limit of speci- 
mens of chromium-plated X4130 steel. 
If the decrease in the endurance limit 
of the plated steel is attributable to the 
large quantities of hydrogen evolved at 
the cathode during the process of 
chromium plating, then it appears that 
the endurance limit may be increased 
by the removal of hydrogen by heating. 
However, Swanger and France (1)* 
found that heating the specimens for 
5 hr. at 350 F. (182 C.) reduced the 


TABLE I.—COMPOSITION OF STEELS. 


S.A.E. X4130 Steel 
Element 


Lot A|Lot BiLot C| * 


Carbon, per cent 
Manganese, per cent 

Phosphorus, per cent 

per cent 


V anadium, per cent 
Nickel, per cent. 


* Not 


endurance limit of the plated steel to 
about 70 per cent of that of the plated 
but unheated material. Wiegand and 
Scheinost (2) also reported that heating 
of chromium-plated steel at 250 C. 
decreased its endurance limit. Other 
workers have spot checked the effect on 
the endurance limit of heating chro- 
mium-plated steel. However, no system- 
atic study of the effect of heating had 
been made. 

A theory has been developed to ex- 
plain, at least in part, the effects of 
chromium plating on the endurance 
limit of the steels studied. 

Publication of this material, including 
data circulated during wartime in re- 
ports (3) that at that time were restricted 
but have since been declassified, has 
been approved by the Bureau of Aero- 
nautics, sponsor of the investigation. 


3 The boldface numbers in parentheses refer to the list 
of references a to this paper, see p. 712. 


MATERIALS 


The materials, from which the speci- 
mens for this investigation were 
machined, consisted of three lots of 
S.A.E. X4130 rod and one lot of 6130 
rod. The compositions of these steels, as 
determined by chemical and _ spectro- 
chemical analyses, are shown in Table I. 

Lot A of the X4130 steel was supplied 
by the Naval Aircraft Factory in two 
heat-treated conditions, normalized to 
Rockwell hardness 89 B, and quenched 
and tempered to Rockwell 39 C. The 
6130 steel was also supplied by the 
Naval Aircraft Factory but only in 
the quenched-and-tempered condition, 
Rockwell 33 C. The other lots of X4130 
rod were heat treated at the National 
Bureau of Standards; they were 
quenched in oil from approximately 
1600 F. and subsequently tempered to 
about Rockwell 40 C. 

Typical microstructures of transverse 
sections of the steels are shown in Fig. 1. 
A longitudinal section of the normalized 
X4130 steel (not illustrated) showed 
definite indications of banding and 
segregation, which are not unusual for 
this type of steel. 


SPECIMENS AND Test METHODS 
Preparation and Testing of Specimens: 


Specimens for the fatigue tests were 
of the usual R. R. Moore type (4) with 
nominal diameters of 0.30 in. in most 
cases; however, 0.25-in.-diameter speci- 
mens were used in some _ instances. 
Computation of the stresses in the 
outer fibers of the specimens, and hence 
the endurance limits, were based on the 
diameters of the specimens prior to 
plating. Diameters of all specimens 
machined at this Bureau were deter- 
mined, before and after plating, with a 
dial gage comparator reading to 0.0001 
in. 

Prior to the final polishing, the speci- 
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mens prepared at this Bureau were 
ground with a Norton “38” alundum 
wheel. Subsequently these grinding 
marks were removed with metallographic 
polishing papers by one of the following 
methods: (a) circumferential polishing 
of specimens in a lathe for fixed periods, 
determined by experiment to be sufficient 
to remove grinding marks or marks of 
coarser papers previously used (papers 
used were Behr-Manning emery 1, 
Aloxite 400, Behr-Manning emery 0 
and 00); or (6) longitudinal polishing of 
specimens using Aloxite 400 paper 
followed by the Behr-Manning emery 
0 polishing paper in the form of belts 
mounted on a rubber-backed wheel. 
In some instances, commercially avail- 
able coarse and medium emery-im- 
pregnated rubber wheels were used in 
place of the abrasive paper belts. 
A few of the mechanically polished 
specimens were subsequently polished 
electrolytically as follows: Specimens 
were made the anodes in a bath con- 
taining 50 per cent by volume of con- 
centrated H,SO; and 50 per cent by 
volume of 75 per cent H;PO,; a current 
density of 250 amp. per sq. ft. was (6) Quenched-and-tempered X4130 steel 
maintained for 5 min.; the temperature xa. 
was 42 C. This reduced the diameters of 
the specimens by 0.0004 to 0.0006 in. 
Details regarding the preparation of the 
fatigue specimens are given in Table II. 
Fatigue tests were made in R. R. 
Moore type rotating-beam fatigue test- 
ing machines operating at 1800 or 3600 
rpm. with stresses generally applied in 
increments of 1000 psi. Generally, eight 
to ten specimens were required to obtain 
the endurance limit in any one case. 
Specimens that had run 10,000,000 or e at 
more cycles without failure were con- 
sidered to have been stressed at or (¢) Quenched-and-tempered 6130 steel (X500). 
below the endurance limit and were Fic. 1.—Typical Microstructures of Trans- 


verse Sections of Steels Investigated. All 
removed from the machines. sy Etched in 1 per cent Nital. 
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Electroplating of Specimens: 


Specimens were plated at the National 
Bureau of Standards by personnel of the 
Electrodeposition Section. The process 
prior to plating was as follows: Speci- 
mens were cleaned by scrubbing with 
fine pumice powder and _ rinsed 
thoroughly with water. The light oxide 
film that formed during the time re- 
quired to assemble the specimens in the 
plating rack was removed by dipping 
for a few seconds in 20 per cent hydro- 
chloric acid solution. The specimens 
were again rinsed, placed in the chro- 
mium plating solution, and made anodic 
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amp. per sq. ft. were employed for the 
second condition in order to check 
certain results previously obtained in this 
investigation on specimens similarly 
plated at the Naval Aircraft Factory. 
A bath-temperature of 85 C. and a 
current density of 700 amp. per sq. ft. 
were selected for the third condition, 
since chromium deposited in this way is 
supposed to be subject to less contraction 
when heated than is chromium plated 
under the other conditions, and it ap- 
peared advisable to determine the extent 
to which this factor might affect the 
endurance limit of the steel. 


TABLE II.—DETAILS OF PREPARATION OF SPECIMENS USED IN THE INVESTIGATION. 


. | Steel 
Lot | 


Pre 
for 


Heat Treatment ed 


bya 


Specimens 


lating 


Plat- 


Specimens 
Chromium 
Plated by 


Nominal Thickness 
of Plating, in. 


oo 


to 1600 F. drawn at 
900 to 925 F. 


NBS 


"s quenched from 1575 


NAF { 


; 0.005; 0.010; 0.017 


} Nps | 


* Includes heat treating, machining, and usually 
Two groups of 


ishing. 
plated to a thickness of about 0.008 in. One of these groups was stated to have 


had been 
been plated to a thi of 0.010 in. with about 0.001 in. of plate subsequently removed by grinding. 


for 1 min. at the same current density 
used in plating. After the anodic treat- 
ment, full plating current was im- 
mediately applied. 

The plating electrolyte contained 250 
g. per liter of CrO; and 2.5 g. per liter 
of H,SO,. Specimens were plated at three 
different bath temperatures and current 
densities. A bath temperature of 55 C. 
and a current density of 350 amp. per 
sq. ft. were selected as one condition, 
because they were within the range 
(45 to 60 C. and 70 to 450 amp. per 
sq. ft.) generally used in industrial 
chromium plating. A temperature of 
70 C. and a current density of 1000 


In order to determine the effect of 
interrupted plating on the endurance 
limit, two sets of specimens were plated 
to the same final thickness; one set 
being plated continously and the other 
by an interrupted operation. Plating 
was resumed following the interruption 
only after the employment of the proper 
commercial technique for plating chro- 
mium on chromium; this involved a 
short reversal of the current and the 
gradual increasing of the current from a 
low value to the plating current. 

No information was provided by the 
Naval Aircraft Factory as to the surface 
preparation, after the final machining 
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and prior to plating, of fatigue speci- 
mens prepared at that agency. The 
composition of the plating bath used by 
the Naval Aircraft Factory in plating 
of fatigue specimens was the same as 
that used at this Bureau and described 
above; specimens were stated to have 
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trically-heated laboratory oven, with 
forced air circulation, thermostatically 
controlled to +2 C. Temperatures of 
300, 350, 400, and 440 C., controlled 
to +3 C., were obtained with an 
electrically-heated tempering furnace 
with forced air circulation. 


TABLE III.—ENDURANCE LIMITS OF UNPLATED AND CHROMIUM-PLATED STEELS. 


Nominal Plating Thickness, in. 


Ah 


5 
5 


| 
| 


0.001 in, 


Ground to 
0.009 in. 0.009 in. 


3 


t, 


Steel® 


Unplated Steel | 


a 


psi. 
psi. 


Endurance Limit, 
Endurance Limit,| 
Endurance Limi 


Percentage of 


| Percentage of 


Unplated Steel 
Unplated Steel 


Unplated Steel 
Unplated Steel 
Unplated Steel 


Endurance Limit, 
psi. 


Percentage of 
Endurance Limit, 
Percentage of 
Endurance Limit, 
psi. 
Percentage of 
Endurance Limit, 
Percentage of 


Pratep at 70 C.—Current DeNsiTy 1000 AMP. PER SQ. FT. 


Normalized X4130. Hard- | | | 


ness, Rockwell 89 B 44 000 36500; 83 | 33000) 75 | 37000 40 000 


Q & T 6130. Hardness, Rock- 


well 33 C 83000 48000; S8 | 47000; 57 | 51000/ 61 55 000 


Q & T X4130. Hardness, 
Rockwell 39 C....... 


| 93 000 | 59 000 63 | 61000} 66 | 50000) 54 45 000 


Pratep at 55 C.—CuRRENT 


Density 200 AMP. PER SQ. FT. 


Normalized X4130. Hard- 


ness, Rockwell 89 B 41000} 93 | 42.000| 95.5 | 40 000 
| 

83.000 | 64.000! 77 | 65000} 78 | 60000| 72 | s6 000 

Rockweil 39 C to 40 C...".| 93000 73000} 79 | 69000) 74 |67000| 62 | 49 000 


Q & T 6130. Hardness, Rock- 


PLATED aT 55 C.—CURRENT 


Density 350 AMP. PER SQ. FT. 


Q & T X4130. Hardness, 


Rockwell 39 C to 40 C | 71 | Jor 6 


PLatTepD at 85 C.—CuRRENT 


Density 700 AMP. PER SQ. FT. 


Q & T X4130. Hardness, | 
Rockwell 39 C to 40 C 3 


“6 &T = Quenched and tempered. 


been plated in a bath maintained at 
55 C. at a current density of 200 amp. 
per sq. ft. and at 70 C. and 1000 amp. 
per sq. ft. 


Heat Treatment of Chromium-Plated 
Specimens: 


Some specimens were heated in oil at 
about 100 C., in boiling ethylene glycol 
at 193 C., or in N-butal phthalate at 
297 C. Other specimens were heated to 
temperatures up to 200 C. in an elec- 


RESULTS AND DISCUSSION 


Effect of Chromium Plating on the 
Endurance Limits of S.A.E. X4130 
and S.A.E. 6130 Steels: 


Normalized S.A.E. X 4130 Steel.—The 
results of fatigue tests on the normalized 
X4130 steel (heat A) are given in Table 
III and shown graphically in Fig. 2. 
The decrease in the endurance limit of 
the normalized steel caused by chro- 
mium plating was generally small; the 
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minimum endurance limit of any group 
of plated specimens was 75 per cent of 
the endurance limit of the unplated 
steel. This value was obtained on speci- 
mens plated to a thickness of 0.001 in. 
at a current density of 1000 amp. per 
sq. ft. Most sets of specimens had en- 
durance limits ranging from 83 to 95.5 
per cent of that of the unplated steel. 
Specimens plated in the bath at 55 C. 
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Table III. Most of the data are also 
shown graphically in Fig. 2. The en 
durance limits of the quenched-and 
tempered steel specimens were reduced 
much more by chromium plating tha 
were those of the normalized specimens 
(hardness, Rockwell 89 B). The maxi- 
mum endurance limits of specimens 
plated to a thickness of 0.008 to 0.010 
in. at a bath temperature of 55 C. 


Ploted 55 C., 200 0Mp per sq ft 
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Quenched and Tempered x4130 Steel 
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Plate Thickness, in 
Fic. 2.—Relationship Between the Endurance Limits and Plate Thicknesses of X4130 and 6130 


Steels. 


Data obtained on specimens plated at National Bureau of Standards are shown by curve A and points D and E. All 
other data were obtained on specimens plated at the Naval Aircraft Factory 


and a current density of 200 amp. per 
sq. ft. had endurance limits equal to or 
greater than those plated at 70 C. and 
1000 amp. per sq. ft. 

Quenched and Tempered S.A.E. X 4130 
Steel—The results of fatigue tests on 
quenched-and-tempered S.A.E. X4130 
steel (lots A, B, and C), hardness ap- 
proximately 40 Rockwell C, bare, and 
plated to various thicknesses under 


various puting conditions are given in 


and tested as plated were 68 to 69 
per cent of that of the unplated steel. 
Endurance limits of the specimens in 
general decreased with increased bath 
temperatures. Specimens plated at 70 
C. to the same thickness as_ those 
plated at 55 C. and discussed above had 
endurance limits 40 to 48 per cent of 
that of the unplated steel, and those 
plated at 85 C. only 11 per cent of that 
of the unplated steel. 


. 
3 | 
“lg | 
» (O00 amp. per sg 8 
r 20- | 
i | 
100 
| 20 
| 
40 
60 
—— 
> 


cent 


LoGAN ON CHROMIUM PLATING EFFECTS ON AIRCRAFT STEELS 


Endurance limits of specimens of the 
quenched-and-tempered steel, plated at 
the Naval Aircraft Factory (Table IT), 
generally decreased with increased plate 
thickness (Fig. 2, curves B and C). 
There was no significant change in en- 


TABLE IV.—ENDURANCE PROPERTIES OF S.A.E. 
X4130 STEEL SPECIMENS (HARDNESS, APPROXI- 
MATELY ROCKWELL 40 C) CHROMIUM PLATED 
AND SUBSEQUENTLY HEATED. 


Heat Treatment Endurance 


Plating, 


Medium 


deg. Cent. 


Temperature, 


Lor C SrTeet, PLATING Bata TEMPERATURE 55 
CurreNT Density 350 Amp. 


0085} .... 
00 


010 

0095 | 193 

0105 |193 
3 


Lor B Street, Pratinc Bato TEMPERATURE 70 C., 
CuRRENT Density 1000 AMP. PER SQ. FT. 


C Sreet, PLratinc Temperature 70 C., 
CurRENT 1000 AMP. PER SQ. FT. 


300 
440 


G2 30 


Lor C Sree, Pratinc Bata Temperature 85 C., 
Current Density 700 AMP. PER 


0.010 |:...| Ni 
0.010 |193 6 
0.010 |440 1 


durance limit with increased plate thick- 
ness for specimens plated at 55 C. at 
the National Bureau of Standards (Fig. 
2, curve A). Plating at this Bureau in 
the bath at 55 C. was at a current 
density of 350 amp. per sq. ft. as com- 
pared to a current density of 200 
amp. per sq. ft. at that temperature 
at the Naval Aircraft Factory. Speci- 
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mens plated by the Naval - Aircraft 
Factory to a thickness of approximately 
0.009 in. at 70 C., current density 
1000 amp. per sq. ft., had a 14 per cent 
higher endurance limit than specimens 
plated under the same conditions at this 
Bureau. Curve C, Fig. 2, represents 
Naval Aircraft Factory specimens, and 
point D, National Bureau of Standards 
specimens. 

There was no significant difference in 
the endurance limits of two sets of 
specimens, both plated to the same final 
thickness under similar conditions, of 
which one was plated continuously and 
the other by an interrupted operation. 

Quenched-and-Tempered S.A.E. 6130 
Steel.—The results of fatigue tests on the 
quenched-and-tempered S.A.E. 6130 
steel (Rockwell hardness 33 C), bare 
and plated to various thicknesses at 
current densities of 1000 and 200 
amp. per sq. ft., are given in Table III 
and are shown graphically in Fig. 2. 

Endurance limits of specimens plated 
at 70 C. increased as the plating thickness 
was increased above 0.001 in.; on the 
other hand, the endurance limits of 
specimens plated at 55 C. decreased with 
increased plate thickness above that 
value. The endurance limits of speci- 
mens with 0.009-in. thick plating were 
approximately the same for both sets 
of plating conditions and amounted to 
66 to 67 per cent of that of the unplated 
steel. Specimens plated to thicknesses 
of 0.0001 and 0.001 in. had endurance 
limits of 77 to 78 and 57 to 58 per cent 
of that of the unplated steel for bath 
temperatures of 55 and 70 C., respec- 
tively. 

The data obtained on the ground and 
unground specimens having approxi- 
mately the same final plate thickness 
(0.009 in.), in general, indicated that the 
ground specimens had endurance limits 
equal to or greater than those of the 
“as-plated” specimens (Table TIT). 
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Effect of Heating on the Endurance 
Limit of Chromium-Plated S.A.E. 
X4130 Steel: 


The results of fatigue tests on speci- 
mens of lots B and C of the S.A.E. 
X4130 steel, chromium plated to thick- 
nesses of 0.001 to 0.017 in. and sub- 
sequently baked at temperatures ranging 
from 100 to 440 C., are given in Tables 
IV, V, and VI; some of the data are 
shown graphically in Figs. 3 and 4. 
The endurance limits of these specimens 


TABLE V.—EFFECT OF SPECIMEN DIAMETER 
AND PLATING THICKNESS ON THE ENDUR- 
ANCE LIMIT OF QUENCHED-AND-TEMPERATED 
5.A.E. X1430 STEEL, HARDNESS ROCKWELL, 40 C. 
JOT C, CHROMIUM PLATED AT A CURRENT 
DENSITY OF 350 AMP. PER SQ. FT., BATH TEM- 

PERATURE 55 C. 


Ratio of _ Baking 


Cross- [Treatment Per- 


centage 


Speci- | Nomi- Jf 
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reached a minimum value for tempera- 
tures between 193 and 300 C.; at higher 
baking temperatures the endurance 
limits increased, and at temperatures of 
400 and 440 C. exceeded those of the un- 
baked: plated specimens. The endurance 
limit of one set of specimens heated in 
air for 1 hr. at 193 C. was 27 per cent of 
that of the unplated steel (Table IV). 
The endurance limit of specimens heated 
in ethylene glycol at 193 C. was some- 
what higher than that of specimens 
heated in air and was independent of the 
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time specimens were held at the baking 
temperature. Specimens plated to a 
thickness of 0.002 in. and heated for 1 
hr. at 440 C. had an endurance limit as 
high as 87} per cent of that of the un- 
plated steel compared to 68 to 69 
per cent for unbaked plated specimens. 
However, the endurance limits of the 
plated specimens heated 1 hr. at 440 C. 
decreased as the ratio of the cross- 
sectional area of chromium plating to 
steel increased, reaching values less than 
for the unbaked steel for very thick 
plating. 

TABLE VI.—EFFECT OF TYPE OF SURFACE PREP- 
ARATION OF THE BASIS STEEL PRIOR TO PLAT- 
ING, ON THE ENDURANCE PROPERTIES OF 
§.A.£. X4130 STEEL (LOT C) CHROMIUM PLATED 


TO A THICKNESS OF 0.008 TO 0.009 IN. AT A CUR. 
RENT DENSITY OF 1000 AMP. PER SQ. FT. 


Bath temperature 70 C. 


Heat 


Percentage 
Treatment 


of Endur- 
Endu- | ance Limit 
rance | of Unplated 


bw of Surface anc t 
Limit, | Mechani- 


reatment® 


Mechanical’. . . 
Electrochemical? 
Mechanical 
Electrochemical...... 
Mechanical 
Electrochemical = 200 
Mechanical 440 
Electrochemical | 440 


@ All specimens were mechanically polished in a longi- 
tudinal direction with “400A’’ Aloxite paper. Subse- 
quently, specimens labeled ‘‘Electrochemical’’ were made 
anodes in fsSO. + HsPOs solution and were reduced about 
0.0005 in. in diameter by electrochemical means. 

> Not plated. 

The endurance limit of specimens 
polished electrolytically prior to plating 
and tested without subsequent heating 
was lower than that of mechanically 
polished specimens (Table VI). How- 
ever, the endurance limits of the plated 
and heated specimens were independent 
of the original surface preparation prior 
to plating. 


Discussion of Causes of Effects of Chro- 
mium Plating on Endurance Limits of 
Steels: 

Three possible explanations for the 
fact that the endurance limits of the 
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LoGan on PLATING 
steels were reduced by the chromium 
plate have been proposed: The em- 
brittlement due to hydrogen; cracks in 
the chromium plate at which stress 
concentrations occur; and the presence 
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efficiency for depositing chromium is 
low, approximately 15 to 20 per cent of 
the current being used to deposit 
chromium. Large quantities of hydrogen 
are produced at the cathode, and the > 
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Fic. 3.—Influence of Baking Temperatures on the Endurance Limits of Quenched-and-Tempered 


X4130 Steel Specimens Chromium Plated at 55 C. 
to a Thickness Approximately 0.008 in. 


and a Current Density of 350 amp. per sq. ft. 


* As Plated 


“Endurance Limit, percent 
Unploted Steel 


° Plated ond Boked | hr. at 440C. 


05 O10 
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Area of Chromium/ Area of Steel 


Fic. 4. ‘~eeeae Between Endurance Limit and Ratio of Cross-Sectional Chro :, 
Area to Steel Area for Quenched-and-Tempered S.A.E. X4130 Steel Specimens 0.250 and 0. 


in Diameter. 


of residual stresses in the chromium or 
steel or both as the result of the plating. 
It is of course recognized that these 
factors may be interrelated and possibly 
be manifestations of one another. 

It is well known 


chromium plate has been shown to 
contain as much as 128 volumes of 
hydrogen per volume of chromium 
(5, 6). Theories explaining the manner in | 
which the cathodic hydrogen is held in 
the chromium (7) have been proposed 
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but are not pertinent to the discussion 
at this point. Zapffe (8) has explained 
brittleness observed in bend tests on wire 
plated with chromium as due to hydro- 
gen. Brenner, Burkhead, and Jennings 
(9) showed that approximately 95 per 
cent of the hydrogen is removed by 
heating chromium at 450 C. These 
facts suggest that the improvement in 
endurance limit of specimens heated at 
440 C. is due to the expulsion of hydro- 
gen. However, specimens heated at 200 
C. had in some cases only 50 per cent of 
the endurance limit of unheated speci- 
mens, whereas data given by Brenner 
and co-workerss howed that approxi- 
mately half of the hydrogen was re- 
moved from the chromium by heating at 
200 C. It is difficult, therefore, to see how 
the results of the fatigue tests reported 
here can be attributed directly to 
hydrogen embrittlement. 

At a magnification of 250 diameters, 
the surfaces of the electroplated chro- 
mium samples studied had a pebble- 
grained appearance. The specimens 
plated at 55 and 70 C. also exhibited 
surface cracks having the appearance of 
grain boundaries (Figs. 5 and 6). The 
cracks were less numerous in the speci- 
mens plated at 70 C. than for those 
plated at the lower temperature. No 
cracks were found on specimens plated 
at 85 C. Metallographic examinations of 
longitudinal sections of the chromium- 
plated specimens at distances of 0.01 
in. or more from the fatigue fracture 
failed to reveal cracks penetrating 
through the chromium, or to reveal 
cracks extending any appreciable dis- 
tance into the chromium from the 
outer surface. There were, however, 
numerous inclusions and voids in the 
chromium. 

Mehr, Oberg, and Teres (10) reported 
that, in general, the number of cracks in 
a given area increased as the chromium 


ON PLATING EFFECTS on 


had noted that heating of the chromium 
plate at a temperature as low as 100 
C. tended to widen the cracks. The 
author found this crack-widening ten- 
dency to be more pronounced as the 
temperature of heating was increased 
(Fig. 7). 

Bennett (11) has shown that notches 
reduce the endurance limit of normalized 
X4130 steel approximately 20 per cent 
and that fine cracks reduce the en- 
durance limit by more than 50 per cent. 
The presence of cracks in the chromium 
plated at 55 and 70 C. might explain the 
reduction in the endurance limits of 
steel specimens plated at these tempera- 
tures. However, no cracks were found in 
chromium plated at 85 C., and speci- 
mens plated at this temperature had the 
lowest endurance limit of any specimens 
tested. Furthermore, preliminary results 
of an investigation, now in progress, 
indicate that fatigue damage in chro- 
mium-plated steel specimens starts below 
the surface of the chromium and does 
not appear to be associated with the 
surface cracks developed during the 
plating of the chromium. It must be 
concluded, therefore, that cracks in the 
chromium do not have the same effect 
on the endurance limit of specimens as 
cracks in the basis steel. 

It is well established that residual 
stresses in a metal markedly influence 
its endurance limit. The increased en- 
durance limits, obtained by the shot 
peening (12) of steel parts, are believed to 
be the result of residual compressive 
stresses in the surface of the metal. 
Conversely, residual tensile stresses in 
the surface layers of the specimens are 
considered to lower the endurance limit 
of the material. Hume-Rothery (13) 
reported tensile stresses as high as 50,000 
psi. in electrolytically deposited chro- 
mium. Brenner, Burkhead, and Jennings 
(9) reported that the residual tensile 


plate was heated. Other observers (3) 


stresses in chromium plated to a thick- 
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Fic. 5.—Surface of Chromium Plated on Steel 
at 70 C. (Current Density 1000 amp. per sq. ft.). 
Unetched, 500. 


Areas bounded by sharpl 


) : defined cracks are larger 
than those in chromium plate 


at 55 C. (see Fig. 6). 


Fic. 7.—Cracks in Chromium Plated at 55 C. (350 amp. per sq. ft.). 
A, as plated; B, heated 1 hr. at 193 C.; C, heated 1 hr. at 296 C.; D, heated 1 hr. at 440 C. 
= 


Fic. 6.—Surface of Chromium Plated on Steel _ 
at 55 C. (Current Density 200 amp. per sq. ft.). < 
Unetched, X500. 


Unetched, 250. 
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_ ness of 8 X 10~‘ in. increased from ap- 

proximately 15,000 psi. for a bath 
temperature of 50 C. to over 60,000 
psi. for chromium plated from a bath at 
85 C. The endurance limit of specimens 
plated at 55 C. was higher than that of 
specimens plated at 70 C. and very 


rupture of the deposit as the result of 
high residual tensile stresses (9). The 
presence of cracks in the chromium, 
therefore, indicated at least partial 
relief of residual stresses. Specimens 
having the largest number of cracks 
per unit area, discussed above, would be 


> Fic. 8.—Chromium-Plated Steel Tubes. 
A, Top view of tube showing —— B, C, and D, side views of tubes showing deflections of “tongue. oP B, tube 


plated, heated at 200 C. and “tongue 


sequently cut; C, tube plated, ‘ 


“tongue” cut and tube subsequently heated 


at 200 C.; D, tube plated, heated at at 440 C. and “tongue” cut. A y¥s-in. ball bearing (indicated by arrow) is resting on the 


depressed “tongue” surface. 


much higher than that of specimens 
plated at 85 C. This is to be expected if 
the internal stress in the chromium plate 
increased with the temperature of the 
plating bath in accordance with Bren- 
ner’s findings. 

The formation of cracks in chromium 
is attributed to the 


expected to have the lowest residual 
stresses, and the residual stresses would 
be greater as the cracks per unit area 
decreased (and as the plating tempera- 
ture increased). 

Hidnert (14) showed that an electro- 
deposited chromium specimen, on the 
first — 500 C., decreased in 
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length and that during the cooling to 
room temperature it continued to de- 
crease in length. The net decrease in 
length amounted to 1.1 per cent. Hid- 
nert’s results showed an inflection in the 
heating curve at about 300 C. Prelimi- 
nary results of a current investigation by 
the author indicate that there is an 
inflection in the temperature - electrical 
resistivity curve at about this same 
temperature. Hidnert did not give any 
data for specimens heated to 200 C. 
and cooled to room temperature. In the 
present investigation, the densities of 
tubes of chromium were determined for 
each of the following conditions: “as 
deposited,” after heating at 193 C. 
(in boiling ethylene glycol) and after a 
second heating in helium at 440 C. 
The densities were 6.95 g. per cu. cm. 
as plated, 7.01 g. per cu. cm. after 
heating at 193 C., and 7.09 g. per cu. 
cm. after heating at 440 C. Brenner 
(9) indicated that changes in the volume 
of chromium on heating were isotropic. 
Hence, heating at 200 C. would tend to 
reduce the volume of the plated chro- 
mium. If the chromium was restrained 
from contracting, as for example by 
being plated on steel, residual tensile 
stresses would be set up in the chro- 
mium that might be expected to lower 
the endurance limit. That such stresses 
do exist in chromium plated on steel is 
shown in Fig. 8 (B and C). Thin-walled 
steel tubes were annealed, pickled to 
remove scale, and chromium plated. 
Tube B, Fig. 8, was heated at 200 C. 
for 6 hr., and a “tongue” was sub- 
sequently cut in the tube. The deflection 
shown indicated that there had been 
residual tensile stresses in the chro- 
mium. The tongue was cut in tube C 
after plating and was deflected only a 
small amount. Heating at 200 C., how- 
ever, caused the chromium to contract 
in volume and produced the deflection 
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Heating of chromium at a temperature 
of 440 C. produced, as indicated by the 
density data, more than twice the con- 
traction obtained by heating at 193 C. 
It is suggested that if a chromium- 
plated steel specimen is heated to 440 
C., the concurrent expansion of the 
steel and contraction of the chromium 
stresses the chromium above its ultimate 
tensile strength at that temperature, 
consequently relieving the internal 
stresses at least in part. This is illustrated 
on Fig. 8, tube D, which was heated to 
440 C. for 1 hr., after plating, but prior 
to cutting of the tongue. In the figure, 
a °/\,-in. ball is resting on the free end of 
the tongue, which is depressed below the 
surface of the tube. The tongue deflected 
so that the chromium was on its con- 
vex surface. This indicated that the 
chromium had _ been permanently 
elongated during the heat treatment due 
to expansion of the steel; there had been 
either plastic flow or fractures in the 
chromium or both. 

On the basis of the foregoing 
discussion, it is postulated that the 
residual tensile stresses in electrode- 
posited chromium are a major factor in 
adversely affecting the endurance limits 
of steel upon which the chromium is 
plated. Heating at temperatures of 100 
to 300 C. tends to contract the chro- 
mium; the underlying steel resists this 
contraction, thus producing increased 
tensile stresses in the chromium and 
further reducing the endurance limit. 
Contraction of the chromium during 
heating at 400 and 440 C., coupled with 
the expansion of the steel at these 
temperatures, stressed the chromium 
beyond its ultimate tensile strength, 
produced permanent deformation, and 
hence relieved the stresses in the chro- 
mium to some extent with resulting 
increases in endurance limits of the 
plated specimens so treated. 


. 
‘ 
; 
fr 


LoGAN ON CHROMIUM PLATING EFFECTS ON 


SUMMARY 


1. Chromium plating of S.A.E. X4130 
and 6130 steels reduced the endurance 
limits of these materials, as determined 
in the rotating-beam type of test. 

2. The endurance limits of these 
steels plated under a given set of con- 
ditions generally decreased with increased 
hardness of the steel. For a steel of a 
given hardness (Rockwell 40 C), the re- 
ductions in endurance limit increased 
with increased plating bath tempera- 
tures. 

3. The endurance limits of specimens 
plated, and subsequently surface ground, 
were equal to or greater than those of 
unground specimens having the same 
final plating thickness. Interruption of 
the plating process did not affect the 
endurance limit of the plated specimens, 
provided that proper precautions for 
plating chromium on chromium were 
_ taken before the plating was resumed. 

4. The endurance limits of speci- 
mens heated after plating and tested at 
room temperature reached a minimum 
value for a baking temperature between 
190 and 300 C. Endurance limits of 
specimens heated for 1 hr. at 440 C. 
were significantly higher than those of 
the “as-plated”’ steel. 

5. Reduction of the endurance limits 
of steel by chromium plating is believed 
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to be due, in part at least, to residual 
tensile stresses in the chromium. Heat- 
ing of chromium increased its density 
and hence decreased its volume. It is 
postulated that heating at low tempera- 
tures increased the residual tensile 
stresses in the chromium; at sufficiently 
high temperatures, the concurrent con- 
traction of the chromium and expansion 
of the steel stressed the chromium above 
its ultimate tensile strength, thus reliev- 
ing some of the residual tensile stresses 
in the chromium and increasing the 
endurance limit of the plated specimens. 
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Effect of Fatigue Stressing on SAE 


Mr. L. R. Jackson (presented in 
written form)..—The author is to be 
congratulated on his careful handling of 
an intricate experimental problem. 

The fact that chromium plate usually 
has an adverse effect on the fatigue 
strength of plated steel parts has long 

been known. There has been confusion, 
however, regarding the mechanism by 
- which this adverse effect is achieved. 
__ The present paper goes far toward re- 
ducing that confusion. 

---* From this paper, the three mecha- 
nisms, arranged in the order of their 
roe importance, by which chromium plate 
rede the fatigue strength of steel, 
appear to be: 

Unfavorable residual stresses. 

2. Cracks in the chromium plate. 

3. Hydrogen embrittlement. 

Furthermore, as Mr. Logan demon- 
strated, the third of these mechanisms 
js, at most, of minor importance. 

In view of the fact that it is often 
desirable to chromium-plate parts that 
will be subjected to repeated stress, 

Mr. Logan’s results should be of value 
_ in guiding research on chromium plating 

in useful channels. 
Mr. GEORGE DUBPERNELL (presented 
in written form)2—In connection with 
the Bureau of Standards’ work, it may 
be of interest to call attention to the 
development of a special type of chro- 
- mium plate which can be heat treated 

without cracking, and which has a 

minimum effect on the fatigue strength 


1 Battelle Memorial Institute, Columbus, Ohio. 
2? Manager, Waterbury Electroplating Lab., United 
_ Chromium, Inc., Waterbury, Conn. 


of steel. This process found application 
on the chromium plating of propeller 
blades at the Curtiss-Wright plant at 
Caldwell, N. J. The process of producing 
this special type of chromium plate has 
been disclosed in U. S. Patent No. 
2,462,615, February 22, 1949. It has 
also been disclosed to some extent in 
several published discussions by S. 
Weisman.’ 

Mr. R. L. Tempiin.*—The author 
has presented one of the typical messes 
that the fatigue investigator gets into. 
We have done a little work with chro- 
mium plating on aluminum, and I was 
sorry that he failed to mention some 
work, I believe, done at the National 
Bureau of Standards in attempting to 
evaluate the modulus of elasticity of 
chromium plating and reveal the ab- 
sence of ductility of such plating. 
If a metal having a high modulus is 
plated on one that has a low modulus 
and the plating has a very low ductility, 
I think it would be reasonable to expect 
that under suitable stressing the plating 
would crack. And if the cracks occur, 
the assumption is that they would be 
reasonable causes of early fatigue failure, 
because of stress concentrations. 

The N.B.S. investigation referred to 
resulted in the author’s suggesting that 
a reliable value for Young’s modulus 
of elasticity for good chromium plate 
was in the neighborhood of 36,000,000 


3 Transactions, Electrochemical Soc., Vol. 86, pp. 454- 
455 (1944) and Proceedings, Thirty-sixth Convention, Am. 
Electroplaters’ Soc., pp. 136+137 (1949). 

* Assistant Director of Research and Chief Engineer of 
Tests, Research Laboratories, Aluminum Company of 
America, New Kensington, Pa. 


DISCUSSION 
‘psi., although the highest experimental 
value they obtained was about 
33,000,000 psi. Some experimental work 
done at the Aluminum Research Labora- 
tories gave a value of 32,800,000 psi. 
which is considerably higher than 
Young’s modulus for aluminum. In the 
Aluminum Research Laboratory tests 
the chromium plating cracked when the 
tensile stress in the chromium-plated 
aluminum specimen reached a value of 
about 28,000 to 29,000 psi., or at a 
strain value of 0.0026 in. per in. These 
cracks, in the case of fatigue specimens, 
apparently act as stress raisers and 
have a deleterious effect on the fatigue 


_ strength of the material. 


The problem presented is of particular 


interest in chromium-plated steel dies 


which in use may be expected to with- 


- stand stresses and strains beyond those 


1. 
| é.. 


which can be withstood by the plating. 
Consequently the plating cracks and 
separates from the steel. Often an 


analysis of the problem presented results 


in the conclusion that the coating failed 
to adhere properly, but in view of the 
strength and deformation limits just 
mentioned it is difficult to understand 
_ how the plating could be expected to 
adhere when the stresses and strains 


are in excess of those the plating will 


withstand. 


Mr. G. R. Gonn.i—In 1937, Mr. 
Greenall and I plated both chromium 
and nickel separately and nickel and 
chromium together on some phosphor 
bronze strip specimens and subjected 
them to bending fatigue stresses. We 
observed that there were residual tensile 
stresses in the ‘“ds-plated” material 
which materially reduced the fatigue 
strength of the plated parts. However, 
when compressive stresses were put in 
the specimens by polishing, prior to 


&’ Member of Technical Staff, Bell Telephone Labora- 
tories, Inc., New York, N. Y. 
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plating, the normal fatigue strength of 
the unplated material was obtained in 
test. Further improvement was obtained 
if, after plating, additional compressive 
stresses were imposed by buffing or 
polishing the plated material. These data 
may be found in the 1937 Proceedings.® 

Mr. H. L. LoGAn (author’s closure).— 
I wish to thank those who took part in 
the discussion for their contribution to 
the paper. 

The work at the National Bureau of 
Standards on Young’s modulus of elas- 
ticity of plated chromium, discussed by 
Mr. Templin, was done by Mr. Brenner’ 
and his co-workers. They reported values 
ranging from 12 X 10° to 33 X 108 psi. 
The higher values were obtained on 
specimens plated in baths maintained at 
85 C. or above. 

Cracking of the plating such as Mr. 
Templin postulates would unquestion- 
ably lead to early fatigue failures. How- 
ever, results of an investigation to de- 
termine whether fatigue cracks origi- 
nated in the chromium or steel failed to 
reveal cracking to which we could at- 
tribute the fatigue failures. Applied 
stresses in that case were slightly above 
the fatigue limit obtained for similar 
specimens in the present investigation. 
A strain of 0.0026 in. per in., which Mr. 
Templin stated caused cracking in 
chromium plated on an aluminum alloy 
would of course correspond to stresses 
in steel 2.6 to 2.9 times the values of 
28,000 to 29,000 psi. which Mr. Templin 
reported. Stresses of that magnitude were 
well above any endurance strengths 
which we obtained for the unbaked 
specimens. 

In an investigation of the effect of 


¢ C. H. Greenall and G. R. Gohn, ‘‘Fatigue Properties 
of Non-Ferrous Sheet Metals,’’ Proceedings, Am. Soc. 
Testing Mats., Vol. 37, Part II, p. 160 (1937). 

‘A. Brenner, P. Burkhead, and C. Jennings, Physical 
Properties of Electrodeposited Chromium,” Journal of 
Research, National Bureau of Standards, Vol. 40, p. 31 
(1948). (RP 1854). 


716 


chromium plating on the plastic deforma- 
tion of S.A.E. 4130 steel® we found no 
separation of the plating from the steel 


*H. L. Logan, “Effect of Chromium Plating on the 
Plastic Deformation of S.A.E. 4130 Steel,”’ to be published 
in Journal of Research, Nat. Bureau of Standards about 
June, 1951. 
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in the elastic range. The material tested 
had a yield strength (0.2 per cent offset 
from modulus line) of about 175,000 psi. 
Mr. Gohn’s observations appear logical 
since we have found that the fatigue 
limit of specimens, in general, was in- 
creased by grinding 
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FATIGUE NOTCH-SENSITIVITIES OF SOME AIRCRAFT MATERIALS* 


By Horace J. Grover! 


Most service fatigue failures of struc- 
tural parts occur at notches, grooves, 
holes, fillets, or other sharp changes in 
geometrical section. These failures usu- 
ally occur in lifetimes far shorter than 
would be expected for the material con- 
cerned, under the nominal stresses im- 
posed. Special allowance for the effects 
of necessary notches may thus be of con- 
siderable importance in the design of 
structures to withstand repeated stresses. 
Design allowance for notches is of par- 
ticular interest in aircraft structures 
where notched parts are expected to 
undergo varied stresses and yet weight 
penalties for over-design are serious. 

In the course of a partly completed 
survey, at Battelle, of available infor- 
mation on the fatigue properties of struc- 
tural materials, there has been occasion 
to review data on fatigue notch sensi- 
tivities of a number of materials used in 
aircraft. This paper presents the results 
of this review in a form that permits 
some appraisal of the nature and extent 
of information available to the designer. 


COLLECTED EXPERIMENTAL DATA 


Tables I through IV show data col- 
lected from available reports of notch- 
fatigue tests on the following materials: 
three S.A.E. steels (4130, 4140, and 
4340), two aluminum alloys (24S-T and 
75S-T), and 18-8 stainless steel. 

For convenience in later discussion, 
these data have been arranged according 
to the type of repeated loading: 

Table I.—Rotating-beam test results. 

Table II.—Repeated-bending test re- 

sults. 


* This paper was presented at the Session on Fatigue 
of Metals held at the First Pacific Area National Meeting 
of the Society, San Francisco, Calif., October 10-14, 1949, 

1 Battelle Memorial Inst., Columbus, Ohio. 


Table III.—Repeated-torsion test re- 

sults. 

Table IV.—Axial-loading test results. 
All data available for the first three tables 
are for tests in which outer fibers of 
specimens were subjected to fully re- 
versed nominal stresses (although this is 
not a necessary limitation in plate bend- 
ing or repeated torsion). Results of axial- 
loading fatigue tests include several in- 
stances in which the mean nominal stress 
differs from zero. 

Within each table, data from various 
sources have been arranged in a form 
suitable for some intercomparison. In 
several instances this has required slight 
interpolation or extrapolation of avail- 
able results; moreover, compact sum- 
mary has necessitated omission of some 
experimental details. For more complete 
account of specific items, reference should 
be made to original reports and papers. 

Before attempting appraisal of the 
whole body of data in these tables, it is 
desirable to examine separately the in- 
formation available from each type of 
test. 


EFFECTS OF NOTCHES ON ROTATING- 
BEAM FATIGUE STRENGTHS 


In Table I (Tables II, ITI, and IV as 
well) there is listed, for each notch form, 
a value Ky. This is the “theoretical 
stress-concentration factor’ and desig- 
nates, for an ideal, homogeneous, iso- 
tropic, and completely elastic material,’ 
the ratio of maximum local stress to 
nominal stress. 

One can define a “fatigue-strength re- 


2 Values of Kr listed in the tables are either those 
quoted in original references or values obtained (from 
quoted notch dimensions) by the nomograph for ar in 
Neuber’s book (11). 
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duction factor” for a particular specimen against K, for all items listed in Table I; 


tested in rotating bending as Fig. 2 shows Ky at 10° cycles for all 
items for which values at this lifetime 
fatigue strength of unnotched are listed. Several observations may be 

: specimen at N cycles drawn from these figures: 
== fatigue strength of notched 1. Ky is usually less than Ky. (Actu- 
specimen at N cycles ally, the few cases in which Ky 


TABLE III.—TORSION NOTCH-FATIGUE STRENGTHS OF 75S-T ALUMINUM ALLOY. 
Note.—Torsion Modulus Rupture 57,000 psi. Torsion Yield Strength 44,700 psi. 


| Fatigue Strengths Indicated Numbers of Cycles 
4|8 | ¢ | typeot 
5 | ype o 
| Kr | 50 000 | 100 000 soo 000) 3 
86.2 76 9 16 1/4 Unnotched 32 500 | 30 000 | 24 000 | 22 000 19 000 | 19 000 
86.2 76 9 16 1/4 Semi- 1.5 | 25 000 | 22 500 | 17 500 | 15 500 | 12 500 | 12 000 
circular 
roove 
| 
.02 in. 


a These numbers refer to the test of references appended to this paper, see p. 729. 


\ . 


Steels 
ff © Aluminum Alloys 
LS 2 2.5 3 3.5 a 45 5 


Kr 
Fic. 1.—Variation of K; (Fatigue-Strength Reduction Factor at 10’ Cycles) with Kr (Stress 
Concentration Factor) for Rotating-Beam Test Data Listed in Table I. 


It should be emphasized that K,, so appears slightly greater than Kr 
defined, may vary with lifetime as well are believed to be ascribable to ex- 
as with type of notch even for specimens perimental error.) 
of one material under one type of re- 2. K;/Kr seems to decrease as Kz in- 
peated loading. creases, although not many values 
Figure 1 shows Ky, at 10’ cycles plotted _ are available for high Kr 
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3. K;/Kr is generally larger for the 
ad larger value of N (compare Figs. 1 
and 2). 

In the partly completed survey of addi- 
tional structural materials, these obser- 
vations appear also valid for other alloys. 
It thus seems that using unnotched 
fatigue strength values* and theoretical 
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stress-concentration factors will generally 
lead to conservative design for members 
subject to reversed bending of the type 
present in these rotating-beam tests. 
Further analysis of the data shown in 
Fig. 1 (and of available data on other 
materials) has not shown systematic 
trends. Thus, while one group of test 


= Steels 


© Aluminum Alloys 


LS 2 2.5 


Kr 


TABLE V.—ILLUSTRATION OF COMPUTATION OF 
FATIGUE-STRENGTH REDUCTION FACTORS 
FOR A PARTICULAR CASE 
(NO. 12, TABLE IV). 


Nominal Stress Values for Lifetime of 
10’ Cycles 


Specimen Load Maxi- | Mini- | | Mea Fane 
Ratio, | | Stress Amp 
R ’ | Stress,| Stress,| ~ si tu 
psi. | psi. pe. psi. 
Notched ..ceeees| $0.40) 35 000) 14 000) 24 500 10 500 


Unnotched. ......| | +0.40) 62 000 24 800 43 400] 18 600 
Unnotched’*. . +0.13, 44 000 5 000, 24 500] 49 500 


K;'= Stress omplitade unnotched specimen 
is: Stress amplitude notched specimen at same mean stress 


19.5 
Maximum stress unnotched Specimen 

I Maximum stress notched specimen at same R 
35 
Maximum stress unnotched Specimen _ 
f ™ Maximum stress notched specimen 
at same mean stress 
= = 1.26 
® Values from interpolation, for unnotched ae. 
between results at R = +0.25 (N No. 14, Table IV) and re- 


-_ at R = +0.02 (not shown in Table IV—see reference 
ci 


2 Until the size effect in fatigue is better understood, 
unnotched fatigue strength values should be chosen for 


the size of notched member under consideration. 


3 3.5 3 4.5 5 


Fic. 2.—Variation of Ky (Fatigue-Strength Reduction Factor at 10° Cycles) with Ky (Stress 
Concentration Factor)for Rotating-Beam Test Data Listed in Table I). 


results shows, for a particular notch, an 
apparent relation between Ky (at fixed 
lifetime) and the strength level of a steel 
or between Ky and ductility indicated 
by a yield ratio, such relations have not 
been found applicable to accumulated 
data from many sources. Factors that 
may be responsible for some variations 
will be discussed later. For the present, 
the data in Table I do not afford any 
apparent simple measure of fatigue notch 
sensitivities of the materials concerned. 


EFFECTS OF NOTCHES IN PLATE BENDING 
AND IN REPEATED TORSION TESTS 


Tables II and III, showing information 
from plate-bending fatigue tests and from 
torsion fatigue tests, are included mainly 
to illustrate the meager extent of such 
data in comparison to those from tests 
under other types of loading. Results 
available for inclusion in these two tables 
are too few to warrant discussion, although 
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it may be observed that values of Ky 

are again generally less than values of 

Kr. 
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24 are results of axial loading fatigue 
tests in which the nominal stress was 


fully reversed each cycle; for these, a 


TABLE VI.—SOME FATIGUE-STRENGTH REDUCTION FACTORS FROM AXIAL-LOADING FATIGUE TESTS 
AT NON-ZERO MEAN STRESSFS. (FROM DATA IN TABLE IV.) 


Values at 105 Cycles 


Values at 10’ Cycles 


Kr | Mean 


Mean Ky 


Stress, 
Ky’ 


psi. Ky’ | Kf” 


Table V for definitions of Ky’, Ks”, and 


LS 2.5 3.5 


Fic. 3.—Variation of Fatigue-Strength Re- 
duction Factor, Ky at 10’ Cycles with Kr for 
Reversed Axial-Loading Tests of Sheet Speci- 
mens with Center Holes. (Table IV Items 1 to 8 
and 24 to 27.) 


Errects OF NoTCHES IN REPEATED 
AXIAL LOADING 


Table IV lists values obtained from 
axial loading fatigue tests. It may be 
noted that (with one exception) only 
aluminum alloys are listed and that all 
values reported are from tests on sheet 
specimens; relatively few axial-loading 
notch-fatigue data appear to be available 
for structural materials in general. 

Item Nos. 1 through 9 and 21 through 


® Denotes case where maximum stress was less than yield strength. 


(See Text) 


w 


0.032 in. Sheet, 24S-T 
* For 0.064 in. Sheet, 24S-T 
4For 0.032 in. Sheet, 75S-T 


Kr, Ks (107 Cycles) 


d/w 


Fic. 4.—Variation of Ky at 10’ Cycles for 
Reversed Axial-Loading Fatigue Tests of Sheets 
with Center Holes, with Ratio of Hole Dia- 
meter to Sheet Width for 4-in. Wide 24S-T 
Sheet. (See Table IV.) 


fatigue strength reduction factor, Ky, 
may be defined in the same manner as 
for rotating-beam fatigue tests. Figure 3 
shows a plot of Ky (at 107 cycles) against 
Kr for the results of fully-reversed axial- 
loading tests; this shows two features in 


ly 
ic 
6 
24 S-T 
We iiecevenessaek 2.6 | 37500 | 2.56 1.53 | 1.31 32 000 2.50 1.73 1.30 - 
33 000 1.55 27 000 2.00 1 83 1.25 
1.72 24 500 | 1.84 1.77 1.26 
26 | 1.82 15100 | ... | 2.08 
24 S-T ALcLap 
No. 26 | 48100 | 1.94 | 1.22 | 442 | 23800 | 2.44 | 1.20 
33 600 2.10 1.50 | 1.22 17 600 | 1.84 1.22 
25 200 1.77 | 1.56 1.23 12 2007 | 1.664 1.26% 
18 200 1.33 81007 | ... ie 
12800 | 1.50 | 1.60 | |. 5 900% | 1.834 
40007 | 1.71% 
2 200° | 1.784 
q 
2] 3 
d ° 
. } 
rt | } ! 
} 
h 
a 0.2 0.6 0.8 lO 
G 
4% 
| 
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72062 
common with Fig. 1 for results of rotat- 
ing-beam tests: 

1. Ky appears less than Kz, and 

2. K;/Kr decreases as Kr increases. 
Somewhat similar observations are pos- 
sible for Ky at 10° cycles, although for 
these data, one may not conclude that 
Ky at 10° cycles is always less than Ky 
at 10’ cycles. As Brueggeman and Mayer 
(9) have pointed out, these test results 
show another interesting feature if Ky is 
plotted against the ratio d/w (hole diam- 
eter to sheet width) for fixed sheet width. 
This is illustrated in Fig. 4.4 It is par- 
ticularly interesting that, for very small- 
diameter holes, Ky is small. Thus, the 
fatigue strength reduction decreases 
toward unity as the size of the notch 
decreases toward zero. 

Analyses of notch-fatigue tests in 
which the nominal stress cycles are not 
fully reversed requires careful attention 
to the definition of the term “fatigue 
strength reduction factor.” The illustra- 
tive example in Table V shows three 
possible definitions of K, for loading con- 
ditions such that the nominal mean stress 
differs from zero. Clearly, other defini- 
tions are possible; the three shown in- 
clude those that have been rather gen- 
erally advocated in the literature. Table 
VI lists values of each of these differently 
defined fatigue-strength reduction fac- 
tors, for two lifetimes, for the test 
results in Table IV. The following points 
are of interest: (1) For any of these de- 
finitions, Ky is less than Kz for all entries 
and (2) while available data are too few 
for adequate discrimination, K,’”’ is 
generally smallest of the three. This 
second observation suggests that most 
conservative design might be effected 


‘This figure includes a plot of values of Ky, the 
“Technical stress-concentration factor’ advocated by 
Neuber. In this instance, the value 0.0189 in. suggested 
by Neuber, was used for the material constant concerned. 
While it is interesting to note that this K 7 predicts low 
values at small d/w, it should be mentioned that Neuber’s 
hypothesis has not been wholly successful in other cases. 


AFT MATERIALS 


con- 
centration factor to the maximum stress 
for an unnotched specimen having the 
same lifetime at the same nominal mean 
stress as the notched specimen under 
consideration. (For the data tabulated 
in Table VI, K’, is generally closest to 
Kr; some unpublished results indicate 
that, in certain instances, use of this may 
be slightly unconservative.) 


THe FaticuE SENSITIVITIES OF 
MATERIALS 


The illustrative experimental data re- 
viewed in previous sections indicate that 
geometrical notches usually reduce the 
fatigue strength of a member. In gen- 
eral, the fatigue strength reduction fac- 
tor, Ky, increases with the severity of 
the notch (as measured by the stress- 
concentration factor, Kr); however, be- 
yond the observation that Ky < Kz, 
plots (such as Figs. 1 through 3) of re- 
sults assembled from a number of sources 
do not show any simple relation valid for 
different materials. 

It is commonly believed that one rea- 
son K; is often less than Kz is that local 
yielding and work hardening decrease the 
peak stresses under a notch below the 
value predicted by elastic theory and 
strengthens this region of the member. 
It then seems plausible to expect that 
different materials, having different char- 
acteristics, would show different rela- 
tions between Ky and Kr. It has been 
suggested that such behavior should be 
expressible by some sort of notch-sensi- 
tivity index. One of the simplest of 
suggested indices is 


Ky; 


According to this, a material which shows 
no reduction in fatigue strength due to a 
notch (K;= 1) would have a notch- 
sensitivity index g = 0; a material which 
shows as much reduction as predicted 


LIRCR 
| 
= 
aye 
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(on a maximum-stress theory of failure) 
by the theoretical stress-concentration 
factor (Ky; = Kr) would have a notch- 
sensitivity index g = 1. 

Table VII gives values of g (for a life- 
time of 10’ cycles) for all rotating-beam 


TABLE VII—VALUES OF Ky AND FROM 
ROTATING-BEAM DATA IN TABLE I. 


Material 


Strength, 
at 10’ 

Cycles 

at 10° 

Cycles 


Ky 
| 


SAE 4130 
SAE 4130 
SAE 4130 
.| SAE 4130 
..| SAE 4130 
..| SAE 4130 
...| SAE 4130 
...| SAE 4130 
..| SAE 4130 
SAE 4130 

.| SAE 4130 


.| SAE 4140 
SAE 4140 
SAE 4140 
.| SAE 4140 
SAE 4140 
SAE 4140 


SSassk 


PS 


NNN 


229 


Nou 


RRR 
§ 


es 
awe w 


1 
Al 
-6 

1 
-6 
2.0 
2.0 
2.0 
2.0 
2.0 
2.6 
2.0 
5.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.6 
2.6 


ee 


18-8 annealed 
18-8 


woo 
NR 


fatigue test results listed in Table I. 
Examination indicates: 
. Values of g vary nearly as much 
among results of different tests on 
one material (note Item Nos. 1 
through 6 for S.A.E. 4130 and Item 
Nos. 26 and 27 for 18-8) as among 
different materials and 
. While trends are evident within 
limited groups of data (note ap- 
parent effect of hardness for Item 
Nos. 12 and 13), such trends do not 
appear to hold for all data listed. 
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Investigation of these and other data 
has, to date, shown no systematic varia- 
tion of the index g with hardness, or 
yield point, or yield ratio that holds for 
a wide range of results assembled from 
many sources. It appears that g (or any 
simple relation involving only Ky and 
Kr) may be inadequate as a general 
fatigue notch-sensitivity index for struc- 
tural materials. 

Consideration of factors which may be 
expected to influence the response of a 
material to notches suggests a number 
of reasons why available data can hardly 
be expected to afford valid fatigue notch- 
sensitivity indices for materials and in- 
dicates some types of investigation which 
might lead toward more useful informa- 
tion than now exists. 

Probably the most important factor 
resulting from the presence of a notch 
is the existence of /ocalized peak stresses 
exceeding the nominal stress. Magnitudes 
of peak stresses are commonly estimated 
in terms of the nominal stress imposed 
and the approximate stress-concentration 
factor. In comparing results from differ- 
ent sources, however, there are often 
additional factors difficult to evaluate. 
For example: 

1. Values of Kr are not known with 

equal precision for different notches. 
For most actual cases, available 
theory is approximate; use of dif- 
ferent types of notches may involve 
different types of approximation in 
evaluation of Kr. In some instances, 
the precision of notch form actually 
machined may be questionable; not 
all reported data give information 
adequate to judge this. In general, 
some recent papers include careful 
consideration of estimation of Ky 
but many early reports leave this 
point in question. 

. Machining and polishing a sharp 
notch may leave the surface at the 
root of the notch in a different state 
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(for example, with more cold work) 
than that of the comparison un- 
notched specimen.® 
. Peak local stresses due to notches 
are not generally expected to ex- 
ceed the yield point of the material 
under consideration; values esti- 
mated from stress-concentration 
factors deserve special attention 
when they are high compared to 
material yield stresses. Examination 
of Tables I through IV suggests 
that such high peaks are uncommon 
in rotating-bending tests except for 
specimens of low yield-strength ma- 
terial or specimens with very severe 
notches; that high peak stresses are 
relatively common in axial-loading 
tests at high nominal mean stress. 
For such reasons as these, comparison of 
results obtained with different notch 
forms and different surface finishes do 
not afford basic knowledge of material 
properties. 

There appears to be cumulative evi- 
dence that not only peak stresses but 
also local stress distribution may affect 
the fatigue strength of a notched mem- 
ber. Figure 4 illustrates the low ratio of 
K; to Kr for sheet specimens notched 
by small holes. Item No. 20 in Table I 
shows a similar small ratio for a sharp 
V-groove in a rotating-beam specimen. 
Other scattered results also indicate that 
very small notches may be less serious 
than implied by their stress-concentra- 
tion factors. A number of ideas have 
been advanced to explain such “size ef- 
fects of notches”: that not peak stress 
but average stress over some small region 


§ Attention to this is increasing, and different expedi- 
ents have been considered for comparison of unnotched 
and notched specimens. H. A. Wills mentioned (in private 
discussion) experiments at Melbourne in which deep 
notches are cut by a sharp tool and not thereafter polished 
but fatigue strengths of notched specimens are compared 
to fatigue strengths of unnotched specimens with a ma- 
chine finish. In some work in progress at Battelle, electro- 
polishing is being used as a means of obtaining comparable 
surface finish on unnotched and on notched fatigue test 


is critical; that failure may start below 
the surface; that stress gradient is a 
factor; that there is a statistical size 
effect; that fatigue failure depends on 
stresses transverse to the peak stress, 
etc. The point to be emphasized here is 
that available experimental data suitable 
to examine the importance of local stress- 
distribution effects are meager. With the 
exception of results for aluminum alloy 
sheets with holes, there seem to be few 
reported investigations in which either 
the severity of a particular type of notch 
or the nature of notches of a particular 
severity (Kr) has been systematically 
varied over a very wide range for any 
one material and kind of loading. 
Notch-fatigue test data now available 
for most structural materials appear in- 
adequate, both in nature and extent, to 
separate effects characteristics of ma- 
terial properties from effects that may 
be due to variation among the many 
notch forms, notch severities, surface 
preparations, and loading conditions 
that have been used. As Paterson (12) 
suggests, there is need for systematic in- 
vestigation on such aspects as: the 
influence of Kr on Ky for significant 
ranges of Kz, theinfluence of relative sizes 
of notches of similar Kz, detailed stress 
analyses of notch forms, and criteria of 
multi-axial stress conditions. Until more 
basic information of this kind is available, 
it seems unwise to characterize materials 
by any sort of fatigue notch-sensitivity 
indices with the expectation that such 
indices will be generally valid in design. 


CONCLUSIONS 


1. Examination of data assembled 
from various sources has not afforded 
characterization of fatigue notch sensi- 
tivities of a number of materials of in- 
terest in aircraft structures. 

2. Available information seems inade- 
quate, not only in extent but also in 


| 
| 


y nature of notch fatigue test investiga- 
1 tions of materials. 

e 3. While the assembled data, there- 
" fore, do not afford rules for accurate 
, design, they suggest that the following 
S principles may be conservative: 


(a) For completely reversed stress 
c. loading, apply appropriate theoretical 


h (1) T. T. Oberg and J. B. Johnson, “Fatigue 
Properties of Metals used in Aircraft Con- 


struction at 4350 and 10600 Cycles,” Pro- 
y ceedings, Am. Soc. Testing Mats., Vol. 37, 
195-205 (1937). 
(2) H. F. Moore and D. Morkovin, “Progress 
le Report on the Effect of Size of Specimen 
| on Fatigue Strengths of Three Types of 
Steel,” Proceedings, Am. Soc. Testing Mats., 
0 ; Vol. 42, pp. 145-154 (1942). Also, Second 
1- ar Progress Report on same, Proceedings, Am. 
y Soc. Testing Mats., Vol. 43, pp. 109-124 
(1943). 
y ’ (3) H. J. Grover, R. W. Bennett, and G. M. 
€ Foley, “Fatigue Properties of Flash 
1S Welds,” Welding Journal, Research Supple- 
2) ment, November, 1945, pp. 5995-6185. 
n- (4) Unpublished data, Battelle Memorial In- 
stitute. 
1€ (5) T. J. Dolan and B. C. Hanley, “Effect of 
at Size and Notch Sensitivity on Fatigue 
PS Characteristics of Two Metallic Materials,” 
an Part II, AF Technical Report, 5726, October, 
1948, pp. 78-153. 
of (6) G. H. Found, “The Notch Sensitivity in 
re Fatigue Loading of Some Magnesium Base 
le and Aluminum Base Alloys,” Proceedings, 
a. Am. Soc. Testing Mats., Vol. 46, pp. 715- 
740 (1946). 
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stress-concentration factors to fatigue 
strengths of unnotched specimens. 
() For partly reversed stress load- 
ing, apply appropriate theoretical 
stress-concentration factors to maxi- 
mum stress values for unnotched 
specimens having the same lifetime at 
the same nominal mean stress. oe 


(7) H. F. Moore, “Effect of Size and Notch 
Sensitivity on Fatigue Characteristics of 
Two Metallic Materials,’ Part I, AF 
Technical Report 5726, October, 1948, pp. 
1-77. 

(8) W. C. Brueggeman, M. Mayer, Jr., and 
W. H. Smith, ‘Axial Fatigue Tests at Zero 
Mean Stress of 24S-T Aluminum Alloy 
Sheet With and Without a Circular Hole,” 
Technical Note No. 955, Nat. Adv. Com- 
mittee Aeronautics, November, 1944. 

(9) W. C. Brueggeman and M. Mayer, Jr. 
“Axial Fatigue Tests at Zero Mean Stress 
of 24S-T and 75S-T Aluminum Alloy Strips 
With a Central Circular Hole,” Technical 
Note No. 1611, Nat. Adv. Committee 
Aeronautics, August, 1948. 

(10) H. W. Russell, L. R. Jackson, H. J. Grover, 
and W. W. Beaver, “‘Fatigue Strength and 
Related Characteristics of Aircraft Joints,”’ 
Technical Note No. 1485, Nat. Adv. Com- 
mitte® Aeronautics, February, 1948. 

(11) H. Neuber, “Theory of Notch Stresses,” 
Translation No. 74, David Taylor Model 
Basin, November, 1945. 

(12) M. S. Paterson, “Notch Sensitivity of 
Metals, the Failure of Metals by Fatigue,” 
Melbourne University Press (1947). 
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Mr. R. E. Peterson'.—Mr. Grover 
points out that the g values vary greatly 
for a given material. While it might be 
hoped that this would turn out to be 
constant, there are reasons why this 


stress, Smax (Fig.5). This can be expressed 
in terms of stress gradient®, which is 
roughly proportional to the notch radius, 
r. Plots of g versus r show‘ (Fig. 6) small 
q values for small radii and larger g 
values, in some cases approaching 1.0, 
for larger radii. 

The data given in Mr. Grover’s paper 
on 75S-T and 24S-T aluminum alloy 
sheets containing a central hole’ seem to 
show the above-mentioned trend (Fig. 
7). In computing g values, the basic 
endurance strength value for the un- 
notched specimen should, from proba- 
bility considerations”, correspond to the 
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Fic. 6.—Ratio of Notch Sensitivity, g, to Notch Radius, r. 


should not be expected. For a given 
material (given grain size and structure) 
one would expect from probability con- 
siderations? that failure should be a func- 
tion of the volume of material near peak 


1 Manager Mechanics Division, Westinghouse Research 
Laboratories East Pittsburgh, Pa. 
Properties of of Metals in Materials ee Am. 
Soc. Metals, Cleveland, Ohio, p. 68 (194 


largest specimen available; 17,000 psi. 
was used for 75S-T and 18,000 psi. for 
24S-T in all calculations. Referring to 


*Stephen Timoshenko 60th Anniversary Volume, 
Macmillan Co., p. 180 (1938). 

. Peterson, ‘ ‘Relation betw een Life Testing and 
Tests of Materials,’’” ASTM Buttetin, No. 
133, March, 1945, p. 13. 

’W.C. rueggeman and M. Mayer,“Axial Fatigue Test 

at Zero Mean Stress of 24S-T and 75S- T Aluminum Alloy 
Strips with a Central Circular Hole,’’ Technical Note 1611, 

Nat. Adv. Committee Aeronautics. ; 
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Fig. 7, one would consider the average 
curve in comparing behavior of various 


materials; for design purposes the upper 
curve would be the “safe” one to use. 


tion), but there is so much work in 
determining this that the method would 
not be useful for ordinary design pur- 
poses. This is why the “notch” radius, 
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Fic. 7.—“q” Values for Flat Strips Having a Transverse Hole. (Based on Nat. Bureau of Standards 
Data-Alumium Alloys.) 
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Fic. 8.—“g” Values for Test Bars with Grooves, Holes, Shoulder Fillets. (Based on British Data— 
Heat-Treated Alloy Steels.) | 


Strictly speaking, a more logical ab- 
scissa variable would be the volume of 
material at peak stress* (assuming prob- 
ability to - the governing considera- 


r, which is known, is used. This is also — 
why the curves are labeled 24S-T and 
75S-T sheet, rather than merely 24S-T 
and 75S-T, independent of form. 
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Recently extensive British work® on 
combined stress has become available. 
This is particularly valuable in that it 
includes tests of notches of very small 
radius (less than 0.001 in.). It was inter- 
esting to find (Fig. 8) that these show 
the same general tendency described in 
the foregoing. 

Mr. Grover’s paper presents a large 
amount of useful material in a clear and 
orderly manner, and this will be of great 
value to the airplane designer. 

Messrs. D. ROSENTHAL’ and G. SINEs.’ 
—It is indeed heartening to see that 
such an intensive research on the sub- 
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failure of the structure. In machine parts 
that have been heat treated or welded 
there are usually residual stresses, often 
of high magnitude, induced at the 
notches. The loading cycle itself plays 
a large rdle in the residual stress picture. 
It may relieve or increase the residual 
stresses present in a part or impart resid- 
ual stresses to an initially stress-free part. 
These residual stresses may be either 
beneficial or deleterious. Residual stresses 
can also be induced intentionally by 
many means to increase the life of a 
machine component subjected to re- 
peated stress. 


2=0.002 in. 


p=0.0/0 in. 


p=0.020in 
32=0.050in. 


P= 0.200in. 


0.5 


Notch Radius, rf, in. 


Fic. 9.—Variation of g’ (Based on Neuber’s Technical Stress-Concentration Factor) with Notch 
Radius, r. 


ject of notch fatigue is in progress. This 
large quantity of data taken under iden- 
tical conditions on carefully identified 
notches should make closer examination 
of the theories feasible. 

One aspect of this problem, the effect 
that residual stress at the notch has on 
the fatigue life, is being studied at the 
University of California at Los Angeles. 
As Mr. Grover has stated, stress dis- 
continuities in machine parts and at the 
welds have been the points of initiation 
of many fatigue cracks that have con- 
tinued to advance and cause complete 


J. Gough, ‘Engineering Steels under Combined 
Cyclic and Static Stresses,’ ’ Presidential Address, Institu- 
tion of Mechanical Engrs., October 21, 1949 ( London). 

7 University of California, Los Angeles, Calif. 


We should like to present briefly a 
few of the test results that we have al- 
ready obtained in this study: 

The tests were performed on an alum- 
inum alloy 61 S, in a fully hardened con- 
dition, 61 S-T, and also in a partially 
softened condition. For each of these 
conditions tree sets of specimens were 
tested: (a) without notch, (6) notched, 
but with no residual compression, and 
(c) notched, with residual compression. 
The residual compressive stress at the 
notch was set up by deforming plastic- 
ally the region around the notch in ten- 
sion. The amount of deformation was 
deemed to be sufficiently small to neglect 
the effect of strain hardening. 
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Two series of fatigue tests were per- 
formed, one with complete reversal of 
stress and the other under relieved load- 
ing, that is, the variation of stress from 
zero to a tensile stress. 

For the particular type of notch, no 
benefit from the residual compression 
induced by prestraining was found in the 
partially softened aluminum alloy for 
which the ratio of yield to fatigue stress 
was rather low (1.5). X-ray diffraction 
stress measurements showed that in con- 
sequence of this low ratio all residual 
compression was practically removed in 
reverse bending, while in relieved bend- 
ing an amount of residual stress nearly 
equal to that induced by prestraining 
was set up in the stress-free specimens 
by the loading itself. On the other hand, 
in the fully-hardened aluminum alloy 
with a high yield-fatigue stress ratio 
(3.0) an improvement up to 30 per cent 
of the notch-fatigue stress was obtained 
in both reversed and relieved bending 
due to residual compression for the same 
notch. This result agrees with the X-ray 
stress measurements which showed no 
change of residual compression in re- 
versed bending even after 10’ cycles at 
the stress slightly below the endurance 
limit. 

The above findings also were in reason- 
able agreement with values computed 
from a modified Goodman diagram for 


the material and the strength reduction. 


ratio for the type of notch investigated. 


Tests are now in progress to extend ¢ 


the investigation by studying the effect 
of residual tensile stresses. 

Mr. H. J. Grover (author’s closure). 

-Mr. Peterson points out that g values 
vary with notch radius, r, and he pre- 
sents some interesting examples of the 
tend of this variation in specific cases. 
He suggests that this variation of g with 
r may be due to variation of the volume 
of material near peak stress. 

It is interesting to note an alternative 
explanation of some, at least, of the vari- 


ation of Ky from Kr Neuber suggests 
that anisotropy of metals in regions of 
sharp stress gradients would lead to an 
effective stress-concentration factor 


_Kr-1 

1+ Vp/r 

where p is a value characteristic of the | 
metal under test. If one supposes that 
the fatigue strength reduction factor, 


K;, may be indentified with Ky, then 
one may define a quantity gq’ as follows: 
Figure 9 shows a plot of gq’ versus r for 
several values of p. General similarity 
of the shapes of these curves with those 
of curves in Mr. Peterson’s Figs. 6, 7, 

and 8 is apparent. 

It is entirely possible that neither 
probability considerations connected 
with the volume of material at peak 
stress nor Neuber’s concept of effects of 
anisotropy in regions of stress gradients 
contain all of the factors important in 
determining the fatigue-strength reduc- 
tion of a notched part. In any event, it 
seems important that, until this situa- 
tion is more completely understood, the 
design engineer avoid using one value 
of any present index of fatigue-notch 
sensitivity as a qualification of a material 
applicable to all cases of design against 
fatigue failure. As Mr. Peterson shows, 
a value of g for a notch of small radius 
may be unsafe for design of a part with a 
notch of the same type, but of larger 
radius. Moreover, present information 
seems inadequate to tell to what extent 
qg may be constant for one material, in 
one condition, with notches of the same 
root radius but of different character 
(for example, fillets compared to grooves 
or to transverse holes). 

Messrs. Rosenthal and Sines have 
emphasized another factor of consider- 
able importance in fatigue-strength re- 


Ky =1+ 
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duction-residual stress at the root of a 
notch. As they note, such stress may be 
induced either in fabrication or pre- 
loading of a specimen (or structural 
part), or in the loading cycle of the 
fatigue test (or service loading) itself. 
This is another reason why an index 
such as the g value is not simple to use 
in design for all kinds of cyclic loading. 
One may expect plastic flow at the root 
of a notch under a load such that the 
material there exceeds its yield stress. 
Such local deformation may: (1) produce 
an effective stress-concentration factor, 
at the peak of the loading cycle, less than 
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Kr, and (2) leave residual stress on un- 
loading. Under such conditions, as one 
might expect, one often finds Ky less 
than under cyclic loading at lower nom- 
inal maximum stress. Examination of 
Tables I to IV in the paper indicates 
that such local yielding may occur: 
(1) under fully reversed loading, mainly 
in the finite-lifetime region but (2) under 
tension-tension loading, at high R, even 
at long lifetimes. 

The author would like to express his 
appreciation to Mr. Peterson and to 
Messrs. Rosenthal and Sines for their 
helpful comments and discussion. 


=< 


1 
ei, 


EFFECTS OF ANODIC COATINGS ON THE FATIGUE STRENGTH OF 
ALUMINUM ALLOYS* 


By G. W. STICKLEY? AND F. M. Howe tt? 


Anodic treatments of aluminum alloys 
produce coatings of aluminum oxide that 
have various desirable properties. The 
coatings are hard, providing improved 
resistance to abrasion. They are adher- 
ent, providing good protection against 
the weather and chemical attack; and 
where such protection is the main con- 
sideration, those coatings may be impreg- 
nated with a corrosion inhibitor and also 
serve as an excellent base for paint. 

There are anodic treatments in consid- 
erable variety, each designed to provide 
certain useful combinations of prop- 
erties. The properties of the oxide coat- 
ings will vary not only with the treatment 
but also with the composition and struc- 
ture of the alloy being treated. Some of 
the variations in characteristics result 
from the differences in thickness of coat- 
ing. Others result from the fact that 
during anodic treatment some constitu- 
ents in the alloy are dissolved or oxi- 
dized while other constituents are not.*: 4 

The effects of anodic treatments upon 
the tensile properties of the coated 
articles generally are so small as to be 
well within the range of variation in test- 
ing. In structural parts subjected to re- 

* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

1 This paper which is a contribution to the work of 
Subcommittee VI on Anodic Oxidation of Aluminum and 
Aluminum Alloys of Committee B-7 on Light Metals and 
Alloys, Cast and Wrought was prepared at the request of 
Committee E-9 on Fatigue. 

2 Assistant Chief and Chief, respectively, Mechanical 
Testing Division, Aluminum Research Laboratories, New 
Kensington, Pa. 

3F. Keller and G. W. Wilcox, “Anodically Oxidized 
Aluminum Alloys—Metallographic Examination,” Metals 
and Alloys, Vol. 10, June, 1939., p. 187. 

4F. Keller, G. W. Wilcox, M. Tosterud, and C. J. 
Slunder, “Anodic Coating of Aluminum—Behavior of 


Alloy Constituents,’’ Metals and Alloys, Vol. 10, July, 
1939, p. 219, 


th 


peated loads, however, it is possible that 
the effects on fatigue resistance may 
sometimes be significant. 

The effects of anodic coatings on the 
fatigue strengths of aluminum alloys 
have been studied by several investiga- 
tors. Gerard and Sutton® reported that 
at 50 million cycles the fatigue strength 
of duralumin was increased from 20,200 
psi. to 24,600 psi. when an anodic coat- 
ing was applied,® while Mueller® found 
that an anodic coating reduced the fa- 
tigue strength (cycles not stated) of 
Avional about 20 per cent.’ In another 
case, Mueller reported an anodic coating 
had no effect on the fatigue strength.’ 
Mauksch reported a slight improvement 
at large numbers of cycles for an alumi- 
num-magnesium-silicon alloy with an 
anodic coating 0.0004 in. thick. He stated 
further that “‘if, for instance, the tests 
had been carried out for only 3 million 
stress reversals, it could have been stated 
that the endurance strength of the anodi- 
cally-coated bars considerably 
lower.” In some other tests, Mauksch 
found that the fatigue strength of duralu- 
min ZB1/3 at 10 to 12 million cycles was 
increased from 22,000 psi. to 23,000 psi. 
by coatings 0.00015 to 0.00045 in. in 
thickness. Further tests of duralumin 
681B by Mauksch with coatings 0.00025 


5 “Bending Fatigue Strength of Anodized Aluminum,” __ 


Light Metals (London), Vol. V, June, 1942, p. 223. 

* Although the thickness of the coating is not stated, 
the details of the treatment indicate that a coating about 
0.0001 in. thick would have been produced. 

1 Thickness of coating not stated, but since it was pro- 
oo in a sulfuric acid solution it was probably relatively 

ick. 

8 Thickness of coating not stated, but since it was pro- 
duced in a chromic acid solution it was probably relatively 
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TABLE I.—COMPOSITION OF ALLOYS. 
Composition, per cent 

Cop-| siti- | Mas-| \chro- 
oe per | con | nese | sium | — 

ater 0.5 | 0.5 
4.5 | 0.8 | 0.8 

1.6 2.5 | S.6 | 0.3 

1.3 | 5.0 0.5 0.15 


0.330" Diam 


Radius about 0.0002" 
Notched 


Fic. 1.—Types of Rotating-Beam 
Fatigue Specimens. 


in. thick also indicated slight improve- 
ment. Dolan? found that anodizing 
(thickness of coating not stated) had no 
effect on the fatigue strength of 25S-T6, 
but raised the endurance limit (500 
million cycles) of 76S-T6 about 3000 psi. 
(14 per cent). Henshaw, Wallerstein and 
Zand'® reported the results of tests of 
some 75S-T6 aircraft-engine-mounting 
components with anodic finishes; these 
data indicated that coatings 0.0004 to 
0.0008 in. thick reduced the fatigue 
strength, but coatings 0.00004 to 0.00008 
in. thick apparently did not. 

In the study of certain applications in- 


*Thomas J. Dolan, “Certain Mechanical Strength 
Properties of Aluminum Alloys 25S-T and X76S-T,”’ N.A. 
C.A. Technical Note No. 914, Nat. Adv. Committee for 
Aeronautics, October, 1943. 

1° R. C. Henshaw, Leon Wallerstein, Jr., and S. J. Zand, 
“Fatigue Life of Aircraft Engine Mounting Components,”’ 

resented at the S.A.E. Annual Meeting, Detroit, Mich., 
anuary, 1950. 


TABLE II.—MATERIALS AND COATINGS TESTED. 
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STICKLEY AND HOWELL 


volving anodic coatings, Aluminum Re- 
search Laboratories has at various times 
made fatigue tests involving the use of a 
particular anodic treatment for a given 


~ Anodic Coating 


sarily an indication of the effects that 
will obtain when using other conditions 
of anodic treatment or when using a 
different aluminum alloy. 


F 1G. 4.—Cross-Section of 75S-T6 Alloy Notched Fatigue Specimen After Alumilite 204 
Dark Field Illumination 


40.000 


° As-Rolled Surface 
@ Alumilite 205 Finish 
—= Did Not Fail 
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a Fr. Fic. 5.—Flexural Fatigue Data for 17S-T3 Sheet. 


alloy. The results of these tests are pre- 
sented in this paper. They, of course, 
represent only a few of the many combi- 
nations of alloys and treatments that 
might be used. Also, they are not neces- 


The tests involved a total of four alloys 
(17S, 25S, 75S and B355), three in 


wrought forms and one in the form of 
sand-cast test bars. Five different anodic 
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treatments were employed, but only one 
alloy (75S) was tested with more than 
one type of anodic treatment. The thick- 
nesses of the oxide coatings ranged from 
about 0.0001 to 0.0010 in. The composi- 
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made with the Aluminum Research 
Laboratories’ constant-deflection _ re- 
peated-flexure machine, using a canti- 
lever specimen subjected to reversed 
bending stresses at 1500 cpm., as previ- 
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“i Fic. 10.—Rotating-Beam Fatigue Data for B355-T6 Sand-Cast Test Bars. 


tions of the several alloys tested are 
shown in Table I, and the products" and 
the anodic treatments used are shown in 
Table II. 


EQUIPMENT AND METHODs oF TEST 
Tests of the 17S-T3 alloy sheet were 


" The fatigue properties of the 17S and 25S alloys are 
not representative of these alloys as currently produced. 
Improvements in fabrication practices since these particu- 
lar lots were made have resulted in consistently higher 
Vv — for the endurance limits of these alloys. The evalua- 
tion of the coating is, however, unaffected by this fact. 


ously described.” Tests of the other prod- 
ucts were made in R. R. Moore rotating 
simple-beam machines at speeds of 3500 
and 10,000 cpm., using smooth speci- 
mens. In addition, rotating-beam tests of 
the 75S-T6 rod were made, using speci- 
mens containing a sharp V-notch. The 
two designs of rotating-beam specimens 
are shown in Fig. 1. 


wR. L. Templin, “The Fatigue Properties of Light 
Metals and Alloys,” Proceedings, Am. Soc. Testing Mats., 
Vol. 33, Part Il, pp. 364-380 (1933). 
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Sheet specimens for these tests were 
machined in packs to the required con- 
tour by cross milling, using a profile 
cutter. To minimize the possibility of 
any notches at the edges, the corners 
were rounded slightly by polishing longi- 
tudinally with metallographic paper. 
Smooth specimens for the rotating-beam 
tests were machined to approximately 
the desired diameter using successively 
smaller cuts; they were then polished 
with No. 000 metallographic paper, the 
final polishing being in the longitudinal 
direction. For the notched-type speci- 
mens, the notches were cut with a care- 
fully ground tool of very fine-grained 
high-speed steel. The radius at the root 
of the notch was about 0.0002 in., as 
illustrated in Fig. 2. 

Tests of each material were made using 
specimens with and without the anodic 
treatments; the treatments were applied 
to the specimens after all machining was 
completed. Photomicrographs illustrat- 
ing the two extremes of thickness of 
coatings investigated in the tests of 75S- 
T6 are shown in Figs. 3 and 4. 

In Figs. 5 to 10, inclusive, the results 
of the fatigue tests of the uncoated speci- 
mens are represented by open symbols, 
and smooth curves have been drawn 
through these points. The results of the 
tests of coated specimens are represented 
by solid symbols. 


DISCUSSION OF RESULTS 


The results of the tests of the 17S-T3 
alloy sheet are shown in Fig. 5. The data 
show no definite effect of the Alumilite 
205 treatment, except possibly at stresses 
below 24,000 psi., where the treatment 
may be slightly beneficial. 

The anodic treatment used in the tests 
of the 17S-T4 alloy rod was the same as 
in the tests of 17S-T3 alloy sheet. As 
shown in Fig. 6, similar results were ob- 
tained in that the effect, if any, of the 
treatment was slightly beneficial. 
In the tests of the 25S-T6 alloy-forged 
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slab, the thicker anodic coating produced _ 


by the Alumilite Black 100 treatment — 
was used. As shown in Fig. 7, this coating 
had no definite effect on the endurance 
limit (15,000 psi., 
cycles of stress), but at stresses of about 
17,000 psi. or higher, the coating defi- 
nitely decreased the fatigue life. At one — 


million cycles the decrease in fatigue 


strength was about 25 per cent. Appar- — 
ently, the coating did not have sufficient 
ductility to withstand cracking at the 
higher stresses. 

Two coatings having thicknesses of — 
about 0.0001 and 0.0005 in., respectively, | 
were used in the tests of 75S-T6 alloy | 
rod and extruded bar. As shown by the 
data from the tests of smooth specimens 
in Figs. 8 and 9, the thinner coating pro- 
duced by the Alumilite 1224 treatment 
had a slightly beneficial effect, while the 
thicker coating produced by the Alumi- © 
lite 204 treatment had a slightly harmful — 
effect. 

These effects of the Alumilite 204 treat- 
ment on 75S-T6 alloy were observed 


throughout the entire range of stresses at 


which tests were made. While this differs _ 
in one respect from the results of the — 
tests of 25S-T6 alloy with the Alumilite | 
Black 100 treatment, where there was — 


no harmful effect at stresses near the 


endurance limit of 25S-T6 alloy, it will © 
be noted that the stresses in the tests of 
75S-T6 alloy exceeded the minimum 
stress at which there were harmful ef- _ 
fects on the fatigue strength of the _ 
25S-T6 alloy. } 

The tests of 75S-T6 alloy rod contain- 
ing a sharp V-notch indicated, as can be — 
seen in Fig. 8, that neither of these two 
coatings had any definite effect on the 
fatigue strength in the presence of severe 
stress concentrations. As can be seen 


from a comparison of the photographs 


in Figs. 2 and 4, the Alumilite 204 treat-_ 
ment tended to increase the radius at the 
root of the notch. Any detrimental effect 
of the coating then probably was offset 


based on 500,000,000 
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by this increase in notch radius. Since 
machine and structural parts seldom are 
free from stress concentrations, the lack 
of any effect of these coatings in the tests 
of notched specimens seems even more 
significant than the small effects observed 
in the tests of smooth specimens. 

The results of the tests of B355-T6 
alloy sand-cast bars are plotted in Fig. 
10. As in the tests of the wrought alloys 
with similarly thin coatings, they show 
no definite effect of the Alumilite 704 


treatment. 
CONCLUSIONS 


From the fatigue tests reported herein, 
involving complete reversal of stress, the 
following conclusions regarding the ef- 
fects of anodic coatings on the fatigue 
strengths of aluminum alloys can be 
drawn: 

1. Thin anodic coatings (about 0.0001 
to 0.0002 in. thick) on smooth surfaces 
have little, if any, effect on the fatigue 
strengths of aluminum alloys. Such effects 
as exist seem to be beneficial rather than 
detrimental. 


2. Thick anodic coatings (about 0.0005 
to 0.0010 in. thick) on smooth surfaces 
seem to have slightly detrimental effects 
at higher stresses, but no shortening of 
fatigue life has been noted at stresses 
below 17,000 psi. 

3. The findings of other investigators 
support the foregoing conclusions. 

4. Since anodic coatings 0.0001 and 
0.0005 in. thick were found to have no 
harmful effect on the fatigue strength of 
75S-T6 alloy specimens with sharp 
notches machined in them before anodiz- 
ing, it appears that aluminum alloys in 
the presence of severe stress raisers are 
not adversely affected by anodic coatings. 


Acknowledgment: 


The authors are grateful to Aluminum 
Company of America for permission to 
publish the data presented herein, to 
those members of the staff of the Alumi- 
num Research Laboratories who con- 
ducted the tests, and to R. L. Templin, 
Chief Engineer of Tests and Assistant 
Director of Research, under whose gen- 
eral direction the work was performed. 


& 
af 


= 
r. 


Mr. Leo Scuapiro.- 


DISCUSSION 


I recall that a 
paper on a similar subject was presented 
before a meeting of the Society of Auto- 
motive Engineers in 1949 by Messrs. R. 
C. Henshaw, L. Wallerstein, and S. J. 
Zand entitled “Fatigue Life of Aircraft 
Engine Mounting Components.” In this 
paper, however, the emphasis seemed to 
be on the type of coating, that is, whether 
sulfuric or chromic acid; in the present 
paper the emphasis seems to be on thick- 
ness. I should appreciate having the au- 
thors’ comments on this. 

Messrs. G. W. STICKLEY AND F. M. 
HowELL (authors’ closure)-—The paper 
to which Mr. Schapiro referred included 
the results of comparative tests of some 
75S-T6 aluminum alloy links that had 
been given anodic coatings using the sul- 
furic and chromic acid processes. Higher 


1 * Caled Metallurgist, Materials Lab., Douglas Aircraft 
, Inc., Santa Monica, Calif. 
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fatigue strengths were obtained when the 
chromic acid process was used. While the 
authors did seem to put the emphasis on 
the type of coating, rather than the thick- 
ness of coating, they also stated that 
“Anodic films formed in sulfuric acid are 
much thicker than those formed in , 
chromic acid,” the difference being in the 
order of 10 to 1. They also noted that the — 
differences in behavior of coatings pro _ 
duced by the two processes are not _ 

due to differences in chemical composi 
tion or molecular aggregation.” 

The evidence seems to indicate that — 
differences in thickness of coating are ‘= 
much more important factor than the 
type of electrolyte. To substantiate this q 
tests similar to those described in our 2 
paper are being made using both thin © 
and thick coatings produced by each 
process. When these studies are com- 
pleted, we hope to present the results in 
another paper. 
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EFFECT OF VARIOUS TREATMENTS ON THE FATIGUE STRENGTH 
OF NOTCHED S-816 AND TIMKEN 16-25-6 ALLOYS AT 


ELEVATED TEMPERATURES* 
W. E. Jones, Jr anv G. B. JR. ace 
Synopsis 

A rather extensive program has been undertaken to determine the fatigue 
strength of notched specimens of S-816 (a cobalt-base alloy) and Timken 
16-25-6 (a highly alloyed iron-base alloy) from room temperature to 1200 F. 
Various corrective treatments were tried, such as shot peening, coining, and 
heat treating, to improve the notched strength. 

Ground notches tend to contain tensile stresses to a degree depending upon 
the severity of grinding. Shot peening overcomes these stresses and introduces 
compressive stresses, improving the fatigue strength. On the alloys tested there 
is additional improvement in strength by the cold work applied by shot 
peening. Alloy S-816 was tested with ground notches, and improvements in 
the order of 250 per cent were obtained at room temperature by shot peening, 
the effect diminishing to approximately 40 per cent at 1200 F. 

Notches (in such materials) produced by machining do not have a high degree 
of tensile stress, in fact a compressive stress is indicated so that improvement 
by shot peening is of much less degree. Timken 16-25-6 was tested with 
machined notches; an improvement of 20 per cent was obtained at room 
temperature by shot peening, diminishing to essentially 0 per cent at 1200 F. 

Several general conclusions can be drawn regarding notches and concerning 


treatments intended to reduce their damaging effect which should be of value 
to designers. 


The object of this work was first to de- 
49 termine the fatigue strength of notched 
specimens of both S-816 and Timken 


FATIGUE-TESTING EQUIPMENT 


Vibrating cantilever type machines 


16-25-6 as compared with tests on 
smooth bars. This was done for tem- 
peratures from 75 F. to 1200 F. Assum- 
ing then that a part must be made with a 
notch, the second phase of the work was 
to devise corrective treatments that would 
improve the strength. It was desired 
that these improvements also be effective 
at elevated temperature and hence a 
large amount of elevated temperature 
testing was done. 


were used for all tests and were of two 
different types: one pneumatically op- 
erated and the other electromagnetically 
operated. The pneumatically driven units 
have been described previously.2? As a 
brief review, however, the general con- 
struction of the machine is shown in 
Fig. 1. It is of the vibrating cantilever 
type with vibration maintained (at res- 
onance) by air supplied to a tuned air 
column. The basic principle of the driving 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 


1 Metallurgical Engineers, Thomson Laboratory, Gen- 
eral Electric 


P. 


‘o., West Lynn, Mass. Proceedings, 


inlan, ‘“‘Pneumatic Fatigue Machines,” 
. Soc. Testing Mats., Vol. 46, p. 846 (1946). 
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mechanism is simply that as the piston 
moves away from one nozzle, the air ve- 
locity increases and the pressure drops 


Fic. 1. 


vibration. The electromagnetic machines _ 
are similar except for a longer armature 
and electromagnets driven by an oscil- 
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Pneumatic Fatigue Machine Used for Part of These Tests. 
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2.—Sketch of the Standard Test Bar and the Two — of ee Which Were Substituted 


for the Reduced Section in the Standard Bar. 


while at the same time the other piston 
is closing the nozzle, reducing the ve- 
locity, and increasing the pressure. This 
unbalance of pressures in each half cycle 
of vibration is sufficient to maintain 


lator replacing the air column. A small 
capacity pickup serves to match the 
oscillator frequency to that of the speci- — 
men and to control the amplitude. The — 
frequency of test in both types of ma- 
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chines varies with the temperature and 
the bar, but was generally between 150 
cps. and 200 cps. 

The basic type of test bar and the 
various modifications is shown in Fig. 2. 
The standard bar is rectangular in cross- 
section (R in Fig. 2). The notched bars 
((A, B, and C) Fig. 2) were of two 
types; the second, C, being used in the 
latter part of the program because of 
better vibrating characteristics. For con- 
venience in the following discussion, the 
types of bars used are designated as 
follows: 


Standard Bar.—R in Fig. 2—This is the 
standard test bar for the machines used and 
is assumed to have no stress concentration. 

Notch A—A and B in Fig. 2—This is a 
ground notch finished in one pass and ex- 
hibits considerable evidence of overheating. 
To better describe the degree of overheating, 
the entire notch was ground in about 5 sec. 
without any coolant. Near the end of the 
cut there was a definite bright red color in 
the metal at the surface of the notch, which, 
combined with the character of the oxide 
built up, indicate a temperature of at least 
1500 F. The discoloration extended for 
about ;’,; in. away from the base of the notch 
on the side of the bar. The theoretical stress 
concentration factor® is about 2.7. 

Notch B—A and B in Fig. 2—This notch 
is the same as A in all respects except 
that it was ground with a first pass of 0.070 
in. and a second finish pass of 0.005 in. The 
discoloration on the ground surface due to 
overheating in the first pass was removed 
in the second pass. Better dimensional 
tolerances and finish were also obtained. 

Notch C—C in Fig. 2—This notch is 
identical to notch B except for the slightly 
reduced cross-section prior to notching. 
The theoretical stress concentration factor 
is about 2.4. 


DEFINITION OF TERMS 


Throughout this paper, unless other- 
wise stated, all reference to “fatigue 
results” refers to the fatigue strength at 

*G. H. Naugebauer, ‘“‘Stress Concentration Factors 


and Their Effect on Design,” Product Engineering, Vol. 14, 
February, 1943, pp. 82-87. 
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108 cycles. The term “strength reduction 
factor” or the abbreviation “SRF” is 
defined as the ratio of the smooth bar 
strength to the notched bar strength at 
10° cycles.‘ The strength reduction fac- 
tors obtained are applicable only to the 
specific conditions of these tests. If used 
judiciously, however, the general con- 
clusions may be applied qualitatively to 
other applications. All stresses were 
calculated from the formula S = MC/I 
by the inertia method (see Appendix 
for details) where: 


0 


K = constant made up of conversion 
factors, 

1 = distance from notch to free end of 
bar, 

p = lb. per linear inch of bar (a function 
of x depending on dimensions 
and density), 

A = amplitude (a function of x), 

f = frequency, Tos 

x = distance above notch, ; 

C = distance from neutral axis to base 
of notch, and 

I = moment of inertia of area between 
notches. 

MATERIALS TESTED 


The two alloys chosen for this program 
were a cobalt base alloy known as S-816 
and an iron-base alloy, Timken 16-25-6. 
Their nominal analyses are as follows: 


Analyses, per cent S-816 
4 6.5 
0.15 


* “Symbols and Nomenclature for Fatigue Testing,” 
ASTM Buttetin, No. 153, August, 1948, p. 36; also 
“Manual on Fatigue,” Am. Soc. Testing Mats., p. 3 (1949) 
(issued as separate publication, STP No. 91). 
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During the course of the testing, several 
heats of each analysis were used with 
reasonable correlation of results indi- 
cating that the results are typical of the 
alloy rather than of a specific heat. 

The S-816 test bars were cut from 
g-in. round bar stock water quenched 
after 2150 F. for 1 hr. and then aged for 
12 hr. at 1400 F. The material for the 
Timken 16-25-6 specimens was forged 
from a billet to a 12-in. thick slab, re- 
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Figure 3 shows the normal smooth bar 
fatigue curve at 75 F., as well as two 
curves for untreated notched specimens. 
The lower curve is for a notch ground in 
one pass without coolant, with consider- 
able overheating of the remaining metal 
(notch A). The middle curve is for the 
same notch ground very carefully with 
many passes, which showed no signs of 
any discoloration due to overheating. 
From these curves it can be seen that the 
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Fic. 3.—Fatigue Curves for S-816 at Room Temperature for Conditions Indicated. 


heated to 1350 F. and cold worked 20 
per cent, and stress relieved for 8 hr. at 
1200 F. Smaller pieces from which to 


make the bars were then sawed from the 
slab. 


@ 


RESULTS OF TEST 
Resul S-816: 
ts for 


The basic problem with regard to 
S-816 was to determine the fatigue 
strength of a bar with a ground notch, in 
which the grinding was quite severe and 
then determine the degree of improve- 
ment obtained by various treatments. 


50 100 500x10® 


possible loss in strength is rather large, | 


the strength reduction factors being 4.6 
for the single pass grind and 2.4 for the 
careful grind. This means that with the 
notch . carefully ground the loss of 
strength due to the stress concentration 
is slightly less than that calculated by 
elastic theory, and therefore the material 
may be capable of partially relieving such 


y 


a condition. It is obvious (and not sur- 
prising) that overheating during grinding ~ 


is very damaging over and above the 
effect of the notch. 
A few specimens notched in one pass 
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(notch A) were coined and then tested at 
room temperature. The coining consisted 
of applying pressure to the radius at the 
base of the notch sufficient to upset the 
metal increasing the notch depth by 
0.0015 in. The punch used to apply the 
pressure was shaped to fit the base of 
the notch exactly and was relieved on the 
sides so that the load was applied only in 
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complete heat treatment after notching 
(held at 2150F. for 4} hr.—water 
quenched, held at 1400 F. for 12 hr.—air 
cooled). This produced an essentially 
stress-free notch which could be used as 
a basis of comparison. The results (Fig. 
3) fall very nearly on the curve for the 
carefully ground notch indicating that 
this also is essentially a stress-free notch. 
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the radius at the base of the notch. A 
distinct improvement over the untreated 
notch is noted (Fig. 3). Since the coining 
amounted to severe cold work only at the 
very bottom of the notch, the point of 
failure was moved to the side of the 
notch beyond the coined area; the results 
are a consequence of coining but not the 
strength of coined material. The degree 
of improvement, therefore, is a function 
of the area on the sides of the notch that 
is coined until the true strength of the 
coined material at the base of the notch 
is reached. 

A limited amount of data was obtained 
on notch A specimens which were given a 
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“Fic. 4. abla Curves for S- 816 at Room Temperature for Conditions Indicated. 


Considering some of the results to 
come, it might be well to point out that 
the two lower curves of Fig. 3 show 
points from two different laboratories, 
two types of fatigue machines, and two 
heats of the alloy. The agreement be- 
tween them indicates the order of 
accuracy of the testing equipment as 
well as the similarity of the heats. 

The first attempt at a corrective treat- 
ment consisted of shot peening the 
surface of the notch before testing. 
(Details of shot peening procedure and 
its effects on the surface are covered in 
the Appendix.) In this case the notch 
was of the one or 
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variety (notch A), and the marked im- 
provement obtained is shown on Fig. 4. 
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being probably somewhat short and 
anything over 30 sec. of no advantage. 
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The SRF has been lowered from 4.6 to 
about 1.3. The shot peening was done 
for et times on curve, 15 sec. 


Cycles to Failure 
Fic. 6.—Fatigue Curves for S-816 at Temperatures and Conditions Indicated. 


The scatter in the results is apparently 
typical of notched specimens. 
As an indication of the effect of tem- 
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perature on the shot-peened notch, a test 
was run at room temperature on bars 
given a stress-relief anneal of 24 hr. at 
1200 F. after shot peening (Fig. 4). The 
SRF was increased by the stress-relief 


to reduction of compressive stresses. 
Complete tests were then run at 
1200 F. The basic curves are shown in 
Fig. 5. The top curve is that for un- 
notched S-816. The lower curve indi- 


treatment from 1.3 to 1.9, probably due. 


JONEs AND WILKES 


peened strength, it is unlikely that 
cracks were present and since the 1200 F. 
testing temperature is not high enough 
to cause any marked change in structure 
it must be assumed that the increase is 
due to the relief of the tensile stresses. 
By the same token the compressive 
stresses left by shot peening are some- 
what relieved in testing at 1200 F. This 
relief of stresses would cause an increase 
in the notched unpeened curve and a 
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cates the notch effect, and the curve in 
between averages the somewhat scat- 
tered points from notched and shot- 
peened bars. By comparison with the 
room temperature tests, it can be seen 
that when tested at 1200 F., the effect 
of the one pass grind is much less severe 
and the effect of the shot peening isless 
beneficial. A possible explanation of this 
is the relief of internal surface stresses. 
The only reasons for an SRF greater 
than the theoretical stress concentration 
factor for the one-pass notch are actual 
cracks formed, structural change in 
material, or high surface tensile stresses. 
Since testing at 1200 F. raises the un- 
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to _ Fic. 7.—Fatigue Curves for S-816 at 1200 F. for Conditions Indicated. 
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decrease in the shot-peened curve as was 
observed. 

Figure 6 shows the results of tests run 
at 900, 1000, and 1100 F. The scatter 
in the test points appears to be greater 
than the difference in strength due to 
test temperature, and they can only be 
discussed as a group. There is a marked 
improvement in the “as-notched” results 
lowering the SRF from 4.6 at room tem- 
perature to 2.9 in this temperature range 
as against 2.4 at 1200 F. At the same 
time there is some loss in the shot peened 
tests; the SRF rising from 1.3 at room 
temperature to 1.5. 

At this point in the program a slightly 
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different notching practice was intro- 
duced in order to more nearly simulate a 
reasonable production procedure. The 
new notch (designated as notch B) was 


8. The results are similar to the same 
conditions for the other notches, small 
differences being due to the slightly 
different notch as well as a different heat. 


——+ Indicates Unbroken Bor 
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ground in two passes: one heavy pass of 
0.070 in. which produced considerable 
overheating and one light pass of only 
0.005 in. as a finishing cut. In all other 
respects the new notch was identical to 
the previous one. Results of 1200 F. 
tests on this new notch are depicted in 
Fig. 7. The SRF of the shot-peened 
notch has been reduced slightly from 1.9 
to 1.7. This improvement is probably due 
mainly to the removal of the most over- 
heated layer by the light finishing pass. 

A third type of notch (notch C) was 
also used, the shift being made chiefly 
to obtain more stable vibrating char- 
acteristics. This notch was identical to 
notch B except for a radius cut in the bar 
prior to notchnig. The theoretical stress 
concentration factor, however, was about 
10 per cent less, being approximately 2.4. 
The results at 1200 F. are plotted i in Fig. 
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Cycles to Failure 
Fic. 8.—Fatigue Curves for S-816 at 1200 F. for Conditions Indicated. 


TABLE I.—BASIC DATA FOR S-816. 


Strength Reduction 
Factor 
Condition of Test 


900 F. to 


7S 


Notch A shot peened....... 

Notch B shot peened. . 

Notch C shot peened. 

Notch A shot peened—stress re- 
lieved at 1200 F..... 

Multi-pass grind... . 

Notch A heat treated 

Notch A coined 

Notch A untreated 

Notch C untreated 


® Estimated values from only a few points. 


Table I summarizes the basic data for 
S-816 on a strength reduction factor 
basis. It can be seen that at room tem- 
perature the detriment due to grinding 
and the benefits due to shot peening are 
maximum and that the effect of tem- 
perature is to reduce the extremes. If the 
trends continued as the test temperature 
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is raised, it seems possible that shot 
peening would have no lasting effect or 
might even do damage. In fact, limited 
data® obtained at room temperature on 
specimens stress relieved at 1500 F. 
show the not shot peened to be superior 
to the shot peened specimen. 

There are considerable data,*:? as yet 
inconclusive, indicating that S-816 may 

be seriously damaged by prolonged 
1x 
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did not fail were then run at various 
stresses in order to obtain a fatigue 
curve on prestressed material. The object 
of this schedule was to show the effect 
of short periods of overload on the total 
life of any piece of apparatus wherein 
vibration may be a problem. 

Figure 9 shows the results (with notch 
C after shot peening) of prestressing at 
45,000 psi. for 3.5 X 10° cycles at 


|| 


Lines Include Range for 
Notch C Shot Peened (Fig.8) 


Points are Notch C, Shot Peened 
and Prestressed 
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vibration at stresses below the fatigue 
limit, manifested by much shorter than 
expected life if the stress is raised into the 
failure range. With this in mind, a 
series of tests was run on the notched 
test bars at 1200 F. designed to establish 
the effect of prestressing at a high level 
prior to running the fatigue test. The 
particular procedure for these tests called 
for vibrating the test bars at such a 
stress that one-third would fail at or 
before 3.5 X 10° cycles. Those bars that 
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Fic. 9.—Fatigue Curves for S-816 at 1200 F. for Conditions Indicated. 


1200 F.; this caused failure in 42 per 
cent of the bars. The two straight lines 
shown include the range of points for 
notch C shot peened (Fig. 8). It is 
obvious that the prestressing treatment 
has much less effect on future life than 
the scatter in the original test points. 
Two other prestressing tests were run, 
one with a 1200-F., 24-hr. stress-relief 
anneal interposed between the pre- 
stressing and the final test, and the 
other with reshot-peening interposed in 
the same manner. These two tests are 
shown in Figs. 10 and 11. On these curves 
the range of notch C shot peened is again 
shown by lines. Unfortunately, the 
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scatter in the results completelys obscure Results for Timken 16-25-4: 
any effect of prestressing or subsequent A similar series of tests was run on 
treatments, the only pertinent comment Timken 16-25-6. In all cases the notch 
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Fic. 10.—Fatigue Curves for S-816 at 1200 F. for Conditions Indicated. 
100000 | 


Lines Include Range for 
y Notch C Shot Peened (Fig.8) 


Points are Notch C, Shot Peened, 
Prestressed and Shot Peened 


Stress, psi 


ates Unbroken Bor 


05 5 10 50 100 500 x 
Cycles to Failure 
Fic. 11.—Fatigue Curves for S-816 at 1200 F. for Conditions Indicated. 
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being that the prestressing did not have__was identical in shape to notch C (Fig. 
any large magnitude effect as compared 2), the only difference being that the 
to the scatter. notch was cut in a shaper instead of 
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at DA. ground. This difference in manufacture shows the room temperature results. 
changed the notch from one overheated Expressing the notch fatigue strength in 
EF: and probably containing residual tensile the same terms as for alloy S-816, the 
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Fic. 13.—Fatigue Curves for Timken 16-25-6 at 1200 F. for Conditions Indicated. 


stresses (as in the alloy S-816) to one SRF is 1.8 for the “as-notched” speci- 
cold worked and probably containing mens and 1.4 after shot peening. This 
residual compressive stresses. Figure 12 indicates some advantage in shot peening 
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but to a much less degree than for S-816 
due to more favorable notch conditions. 

The 1200-F. tests on ‘as-notched” 
specimens are shown in Fig. 13 along 
with the unnotched curve. The scatter 
prevents any but the most general con- 
clusions. A new heat of material was 
introduced as a check of the shot-peened 
tests with no reduction in scatter, which 
leads to the conclusion that the scatter 
is inherent in notched Timken 16-25-6 
specimens at 1200 F. rather than being 
due to faulty material. The SRF for 


100 000 


Turning now to the shot-peened tests 
on this material, shown in Fig. 14, the 
large scatter of points is still present. 
Here, again, only a rough estimate of 
results can be given; the SRF is in the 
range 1.5 to 2.0 with an average of 1.7. 
The apparent gain in strength by shot 
peening is small (2.0 to 1.7) and appears 
to have been obtained by strengthening 
the weakest bars with no change in the 
strong ones. This could be of more 
value than the change in SRF. Since 
these bars were cut from a larger piece 


Dotted Lines Indicate As Notched Results 
from Fig. 13. 
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Cycles to Failure 
Fic. 14.—Fatigue Curves for Timken 16-25-6 at 1200 F. for Conditions Indicated. 


these “‘as-notched” bars seems to be 
between 1.6 and 2.5, with an average 
somewhere in the neighborhood of 2.0. 
It should be pointed out that, whereas 
the untreated S-816 notch became 
stronger as the test temperature was 
raised, the untreated Timken 16-25-6 
notch becomes weaker at higher tem- 
peratures. This is undoubtedly due to the 
relief of surface stresses which are un- 
desirable tensile stresses in the S-816 and 
desirable compressive stresses in the 
Timken 16-25-6. 


that required cold work, which might 
vary from bar to bar, to develop its 
properties, a hardness check was made 
on each bar. The readings varied over the 
range of 250 to 321 Brinnel with abso- 
lutely no correlation with the fatigue 
strength. 

Prestressing Timken 16-25-6 in the 
same manner as for S-816 gave much the 
same results. Prestressing the notched 
and shot peened bars and then testing 
with no intermediate treatment shows 
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__-value as without the prestressing (Fig.15). in fact, the average of the test points is 
- With an intermediate treatment (after very nearly a horizontal line as seen in 
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Fic. 15.—Fatigue Curves for Timken 16-25-6 at 1200 F. for Conditions Indicated. 
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Notch (Fig. 14). 
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80 000 Peened, Prestressed and Stress Relieved. 
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< ef Fic. 16.—Fatigue Curves for Timken 16-25-6 at 1200 F. for Conditions Indicated. 4 
_-— prestressing) of 1200 F. for 24 hr., the Fig. 16. When notched and shot-peenec 
spread and 10° cycle results are not bars are prestressed and then shot 
changed, but the short cycle failures(up peened again, the results are essentially 
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the same as with no prestressing. The 
results are shown in Fig. 17. 

The following table summarizes the 
basic Timken 16-25-6 results. In the case 
of the 1200-F. results, the range as well 
as the average is shown because of the 
scatter. 


Strength Reduction 


= Factor 
Condition 


is small compared to the spread in the 
results themselves. 


CONCLUSIONS 


While the results of these tests apply 
directly to the specific shapes and condi- 
tions used, there are several broad con- 
clusions that can be drawn from various 
aspects of the work. There is no reason 
to believe that these broad conclusions 
would not be applicable to materials 
in general. 
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Fic. 17.—Fatigue Curves for Timken 16-25-6 at 1200 F. for eee ne 


It is immediately apparent that the 
machined notch is not nearly as severe 
as the ground notch, leaving much less 
room for improvement due to shot 
peening. The room temperature factors 
show the gain for shot peening. At 1200F., 
however, there appears to be only a very 
slight gain (by strengthening weak bars) 
which is of small importance in the light 
of the excessive scatter of the test points. 
The prestressing tests, with or without 
additional treatment, show no apparent 
effect, indicating only that the effect 


Notches: 


It isa w ell- fact that 
or other stress raisers, are not good 
practice for any application including 
one subjected to fatigue. The tests re- 
ported here indicate that there may be a 
large difference in the behavior of a given 
notch depending on how it is made. In 
the case of the notch ground in one pass 
accompanied by considerable overheat- 
ing, the strength was only half as much 
as theory? predicted. Since suitable 
treatment could repair some of this 
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cracks could not have 
been a factor, and it appears logical that 
high residual tensile stresses at the base 
of the notch were an important factor. 
If, however, care is used in the grinding, 
these stresses are not set up and the 
theoretical stress concentration is ob- 
tained. On the other hand, if the notch is 
machined, particularly where the ma- 
terial is not too easily cut, apparently 
some compressive stresses are left which 
tend to enhance the fatigue strength. 

The elevated temperature tests serve 
the dual purpose of (1) supplying the 
actual fatigue strength and (2) when 
compared with the room temperature 
tests giving an important clue to the 
state of stress at room temperature inas- 
much as stress relief takes place under 
these conditions. The ground notch for 
example, becomes stronger (SRF 5.0 to 
2.4) when tested at elevated temperature 
and the machined notch becomes weaker 
(SRF 1.8 to 2.0). 
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Corrective Treatments: 


Assuming that a part requires a notch 
that will be subject to fatigue, there 
are two ways, shown by this work, to 
improve the strength. The best way is 
cold working the surface of the notch by 
shot peening, coining, rolling, etc., in 
such a way as to set up compressive 
stresses in the surface. This increases the 
strength in its own right, as well as 
helping to correct any tensile stresses 
that may have been produced in making 
the notch. If putting the surface of the 
notch in compression is not practical, a 
stress relief anneal or complete heat 
treatment will remove a large part of any 
tensile stresses that may be present. If 
compressive stresses are present, the 
part should not be annealed, as they are 
beneficial. If the part in question is to 
operate at elevated temperatures, the 
gain realized by cold working treatments 
becomes less as the temperature is in- 
creased, probably becoming negligible at 
the higher stress-relieving temperatures. 


APPENDIX 


Details of Shot Peening Procedure: 


Shot size—S.A.E. S110 (average diameter 
0.018 in.) 

Pressure—to give arc height on Almen “A” 
specimen of 0.010 to 0.011 in. i the order of 
80 psi.) 

Nozzle—4 in. suction type 

Nozzle to work distance—2 in. 

Peening time—30 sec. each side on other- 
wise specified) 


It might be well to state that the term 
“shot peening”’ refers to the use of round 
metallic shot, as contrasted to “grit blast- 
ing” using angular metallic particles or 
“sand blasting” using sand. 

The effect of this treatment on S-816 is 
shown in two photomicrographs, Figs. 18 
and 19. Figure 18 shows the depth of the 
cold work imparted by shot peening as a 
recrystalized area. This was produced by 
solution-treating the worked surface 15 
min. at 2050 F. and then aging 4 hr. at 1400 
F. The average depth of effect is in the 


range of 0.002 in. to 0.003 in. The surface 
of a specimen after being vibrated at 1200 
F. for 100 hr. is pictured in Fig. 19. In this 
case the depth of heavy precipitation is an 
indication of the shot-peening effect. The 
particular area shown in Fig. 18 was rela- 
tively unstressed since it was on the side of 
the notch. A similar specimen was examined 
after only 25 hr. of vibration at 1200 F. The 
degree of precipitation was much less except 
at the base of the notch where the high stress 
accelerated the action. 

Timken 16-25-6 did not satisfactorily 
respond to the recrystalizing treatment, 
probably because of the 20 per cent cold 
work used in manufacture of the bars. Pre- 
cipitation occurs, as in S-816, with time at 
1200 F. Figure 20 shows the precipitation 
that occurred in 93 hr. at 1200 F. on the 
shot-peened surface. 

A number of the specimens were checked 
for dimensional change caused by shot 
peening. This was done by placing a 0.100-in. 
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Fic. 18.—Photomicrograph of Surface of S-816 Fatigue Test Specimen After Shot Peening and 
Heat Treating to Recrystallize the Worked Area (500). 
Ihe ke Effect penetrates to about 0.002 to 0.003 in. 


Fic. 19. —Photomicrograph of Surface of S-816 Fatigue Test ‘After Shot Peening 
Testing at 1200 F. for 100 hr. (500). 


Precipitation at surface is another measure of depth of effect of shot peening—0.002 to 0.003 in. or a, 
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diameter pin in the two opposite notches 
and measuring the distance between the out- 
side of the pins. After shot peening, the same 
measurement was made using the same pins 
the difference in distance being due to the 
shot peening. Changes of between 0.0003 in. 
and 0.0008 in. were obtained in a direction 
indicating expansion. The actual motion of 
the surface perpendicualr to its plane is only 
3 of these values, since in the above method 
two surfaces were measured and at an angle 
of 30 deg. from the plane of the surface. 


Jones AND WILKES 


Stress Calculations: 
A graphical solution of the formula 


was obtained by the following procedure: (1) 
Calculate the curve of weight distribution 
versus the length of the specimen from the 
bar and armature dimensions and their 
densities. (2) Experimentally determine the 
curve of deflection versus length of specimen 
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Fic. 20.—Photomicrographs of Timken 16-25-6 Fatigue Test Specimen After Shot Peening and 
Testing for 93 hr. at 1200 F. (500). 
The precipitation at the surface shows the depth of effect of shot peening to be 0.002 to 0.003 in. 


Surface roughness measurements were made 
at a magnification of 100 and showed an 
average maximum peak to valley distance 
of 0.001 in. Comparing this to the pin meas- 
urements it can be seen that the average 
surface was compressed slightly, but the 
peaks raised are above the original surface 
level. It is obvious that the effects of shot 
peening (performed as stated) are well 
within all but the most exacting tolerances 
unless an extremely smooth surface is re- 
quired. 


when vibrating. (3) Calculate the curve of 
acceleration versus length corresponding to 
the measured deflection, the frequency, and 
the peak to peak displacement. (4) Multiply 
the weight distribution curve ordinates by 
the acceleration curve ordinates to obtain 
force distribution curve. (5) Integrate the 
elements of force (product of force per unit 
length and increment of length) multiplied 
by their respective moment arms about the 
notch. This gives M for insertion in the 
formula S = MC/I 
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Mr. MartTIN FLEISCHMANN! (pre- 
sented in written form)—Messrs. Jones 
and Wilkes presented a paper which 
should be of most timely interest to the 
designer of turbo-superchargers, jet en- 
gines, and gas turbines. While consider- 
able data have been published on the 
high-temperature creep and stress-rup- 
ture properties of most “super alloys,” 
information in regard to their fatigue 
strength at elevated temperatures is very 
limited. 

Futhermore, little or no data had been 
available on the effect of notches on the 
fatigue strength at elevated temperature, 
and the authors should be highly com- 
mended for this original work which 
we hope will give some impetus for fur- 
ther investigation. 

While valuable information was ob- 
tained on the two alloys tested, the 
S-816 and the Timken 16-25-6, a direct 
comparison of the properties should only 
be made after due consideration is given 
to the fact that the specimens of the 
S-816 material were cut from {-in. 
round bar stock while the test bars of 
16-25-6 alloy were machined from forged 
slabs. No doubt this was done inten- 
tionally since the S-816 alloy is com- 
monly used for turbine buckets while 
the Timken 16-25-6 material finds its 
most extensive application in_ turbine 
wheels. 

We wonder, however, if the relatively 
large scatter of points reported for the 
16-25-6 alloy may not be due to the 
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1 Metallurgical Engineer, The Timken Roller Bearing 
Co., Canton, Ohio. 


characteristics of the slab, that is varia- 
tions in grain flow and cold reductions 
in different sections of the slab from 
which the samples were taken. It should 
be of interest to obtain test results from 
cold-worked bars of 16-25-6 material 
which could then be compared directly 
with the data obtained on the S-816 
alloy. 

Mr. P. R. Too.in.?— The authors de- 
serve to be complimented on their ex- 
cellent paper which adds considerably 
to our still scant knowledge of the fatigue 
properties of high-temperature alloys. 
It is felt that additional information on 
a few points would further increase the 
value of this paper. 

Any available information on the hard- 
ness and on the tensile properties of the 
alloys would certainly be of interest. 

The preparation of the standard speci- 
mens is not given, and while it is assumed 
that the 16-25-6 specimens were ma- 
chined, an indication of the technique 
employed on the S-816 specimens would 
be worth while. It would also be of in- 
terest to know whether the corners of 
the standard specimens and the ends of 
the root of the notches were left sharp 
or were “broken” and if broken, to 
approximately what radius this was 
done. 

The question naturally arises as to 
whether the fractures started, in general, 
on the face of the specimens or, as is 
frequently the case for rectangular speci- 
mens, at the corners. 


2 Research Laboratories, Westinghouse Electric Corp., _ 


East Pittsburgh, Pa. 
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Perhaps it should be noted that while 
the authors’ source for the (theoretical) 


stress concentration factors gives values 


of 2.7 and 2.4 for notches A and C re- 
spectively, if these factors are calculated 
by Neuber’s derivation,’ values of 2.4 
and 2.2 are obtained. If these values 
are used, both the carefully ground 
notches and the ground and subsequently 
heat-treated notches in the S-816 speci- 
mens tested at room temperature give 
fatigue-notch factors (SRF) equal to the 
stress concentration factor, or a notch 
sensitivity, g,‘ of one. As this is a rather 
unusual occurrence (at least we have 
not observed such large notch sensitivi- 
ties for the high-temperature alloys we 
have tested with round specimens), one 
wonders if the corne? effect at the end of 
the notch may not be more severe for 
the notched specimen than for the un- 
notched specimen.® Similar tests on round 
specimens would be valuable as, while 
much of the current fatigue work 
throughout the country is being done 
on round specimens, the common tur- 
bine blade root designs have rectangular 
cross-sections. 

3G. Neuber, “Kerbspannungslehre,” Julius Springer, 


Berlin (1937); Translated by David Taylor Model Basin, 
J. W. Edwards sae 
‘ Ky 
Kt 
and Ke equals the (theoretical) stress concentration factor. 
- Dolan, “Certain Mechanical Strength Properties 
of Aluminum Alloys 25S-T and X76S-T,” Technical Note 
914, issued i in 1943 by Nat. Advisory Committee Aeronau- 
tics, gives data for round and rectangular machined speci- 
mens of 25S-T whichshows little variation in g between the 
two types of specimens. 


=. where Ky equals the fatigue notch factor 
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DISCUSSION ON FATIGUE STRENGTH OF NOTCHED ALLOYS 


Mr. W. E. Jones (author’s closure) — 
In answer to Mr. Fleischmann’s discus- 
sion, no tests similar to those described 
in this paper were made on cold-worked 
Timken 16-25-6 bars. However, the 
bars tested were cut from forged and 
cold-worked slabs which would closely 
approximate bar stock. 

Mr. Toolin’s comments on this paper 
are appreciated. The method of prepara- 
tion of test specimens is described in the 
paper. All test specimens were machined, 
and then the notch was ground on S-816 
and machined on the Timken 16-25-6. 
The corners on the bars were broken but 
the ends of the root of the notch were 
not. 

The Timken 16-25-6 ranged in hard- 
ness from 252 to 321 Brinell.. Due to 
other variables, there was no apparent 
correlation between individual hardness 
values and the test results. The S-816 
bars were made from production mate- 
rial which ranges in hardness from ap- 
proximately 25 to 32 Rockwell C scale. 
Several heats of each material were used 
during the course of the tests. 

Examination of the fractures indi- 
cated that there was no single area in 
which initial failure occurred. Some fail- 
ures occurred at or near the corner, but 
many started on the face of the notch. 
Although there were some corner fail- 
ures, there is no evidence in this data 
that there is any marked corner effect. 
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Ww ELDING RISTICS OF OPEN HEARTH AND BESSE ME 
SEAMLESS STEEL PIPE* 


3 
A. B. Wizper,! W. B. KEenneEpy,! AND F 


. W. Crovucn! 


SYNOPSIS 


This paper discusses the welding characteristics of A.S.T.M. Specification 
A 53 grade B seamless steel pipe? and in particular the properties which are 
related to deoxidation practice and steel-making process. Deoxidized acid- 
bessemer, silicon-killed and silicon-aluminum-killed basic open-hearth pipe in 
the as-rolled condition were investigated. The deoxidized acid-bessemer steel 
was made by a process which is distinctly different from that used for ordinary 
bessemer steel. 

The properties of girth welds made by a pipe fabricator and laboratory bead 
welds were studied. Tension and bend tests were made on the girth welds. A 
new type of weldability test, the weld bead flattening test for tubular products, 
is described. The internal structure and hardness of the girth and bead welds 
and the advantages of multipass welding are discussed. Impact properties of 
the girth welds were thoroughly investigated. 

The material investigated met welding requirements of the A.S.M.E. 
Boiler Construction Code. For bessemer seamless pipe, lower hardenability, 
lower bead weld hardness and less cracking susceptibility was observed when 
compared with the open-hearth pipe. Bessemer and silicon-aluminum-killed 
open-hearth seamless pipe had higher impact properties at low temperature, 
less martensite and underbead cracking in the small weld bead and lower 
hardenability than silicon-killed open-hearth pipe. 


Industrial piping systems, such as in 
the construction of power stations, oil 
refineries, and chemical plants, usually 
require special fabrication, and seamless 
pipe permits the maximum flexibility in 
piping design. Pipe fabricators make hot 
and cold bends, girth welded joints, and 
perform many other operations which 
are related to properties of the material. 


* Presented at the Fifty-third Annual Meeting of the 

a June 26-30, 1950. 
hief Metallurgist, National Tube Co., U. S. Steel 

Corp. ney ittsburgh, Pa., Chief Metallurgist, 
National Tube C National Works, McKeesport, Pa., 
and Assistant Chief Metallurgist, National Tube Co., 
National Works, McKeesport, Pa. 

2 Standard Specifications for Welded and Seamless 
Sten Pipe (A53 - 47), 1949 Book of A.S.T.M. Standards, 
art 1, p. 7. 


In the present investigation, the types 
of material to be discussed have been 
widely used by pipe fabricators and meet 
their requirements. 

The pressures and temperatures ut’- 
lized in industrial piping systems have 
progressively increased, and, as a result, 
attention has been focused on the design 
of piping systems and, in particular, the 
design of joints. There are in service 
today flanged and bolted joints, also 
screwed fittings, but joints of these 
types are generally costly for high tem- 
peratures and pressures. In addition to 
piping systems operating under high 
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temperatures and pressures, there are 
piping systems with moderate pressures 
and temperatures where tight joints are 
desirable. The continued and even more 
general acceptance, therefore, of welding 
as a reliable method of joining pipe will 
be experienced in the future. 

In the use of carbon steel seamless 
pipe for industrial piping, usually 
A.S.T.M. Specification A 53 grade B 
material? is employed, although in many 
applications A.S.T.M. Specification A 
106% grade B material may be used. 
In the construction of transcontinental 
gas or oil pipe lines, large quantities of 
grade B material made in accordance 
with the American Petroleum Institute 
specifications for line pipe are also em- 
ployed. Grade B material has a 35,000 
psi. minimum yield strength and 60,000 
psi. minimum tensile strength. Preheat 
is generally not employed in welding 
grade B seamless pipe as the chemical 
composition seldom exceeds 0.30 per 
cent carbon and 1.00 per cent manganese. 
Until recently only open-hearth steel 
was used in the manufacture of seamless 
pipe. However, in 1937 when the manu- 
facture of lap-welded pipe from bessemer 
steel was discontinued by the National 
Tube Co., a new type (1)* of seamless 
pipe was developed. This new material 
was made from deoxidized acid-bessemer 
steel and has been included in A.S.T.M. 
Specifications A 53 since 1943. Ordinary 
bessemer steel is not killed or deoxidized 
and, therefore, has not been successfully 
used in the commercial production of 
seamless pipe. 


Steel-Making Practice: 


Ingots with a dense homogeneous 
structure, free from harmful porosity or 
blowholes, are produced from killed 
steel. It is this type of steel with a uni- 
form composition which is usually em- 


Tentative for Seamless Carbon-Steel 
Pipe for High. emperature Service (A 106 -48T), 1949 
Book of A.S.T.M. Standards, Part 1, p. 39. 

4 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 780. 
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ployed in the manufacture of seamless 
pipe. In the production of killed open- 
hearth steel, careful control of the 
furnace charge, working the heat, slag 
practice and finishing the heat are neces- 
sary. During pouring of the steel into 
the ladle, strong deoxidizers such as 
ferrosilicon or aluminum are added. 
During teeming, no additions are made 
and the steel lies quietly in the mold as 
solidification takes place. 

In the production of acid-bessemer 
steel for seamless pipe, a completely 
deoxidized steel is also used. It is this 
feature of the process which is responsible 
for the fact that deoxidized or killed 
bessemer steel for seamless pipe differs 
from regular acid-bessemer steel for butt 
or lap welded pipe. Production of seam- 
less pipe is a difficult forging operation. 
A billet of uniform density and forging 
characteristics is required. Satisfactory 
seamless pipe has rarely been produced 
with uniform practice from either 
rimmed or capped steels. Since the 
introduction of bessemer seamless pipe, 
over 1,000,000 tons have been produced 
in various grades of tubular products. 

Factors responsible for superior qual- 
ity of deoxidized bessemer steel do not 
originate entirely from the fact that a 
killed steel is involved, but more pre 
cisely in the method of killing the stee! 
When ordinary bessemer steel is made. 
carbon, manganese and silicon are re- 
moved during the blow, and ferroman- 
ganese is added to the ladle. A small 
amount of aluminum is added to the 
mold. Satisfactory seamless pipe has 
rarely been produced with uniform prac- 
tice from this type of steel. In the manu- 
facture of deoxidized acid bessemer steel, 
molten iron containing about 4 per cent 
carbon is added to the vessel at the end 
of the blow, and oxygen is removed from 
the molten metal as carbon monoxide. 
This addition of hot metal also adjusts 
the carbon content of the steel to meet 
specification requirements. The removal! 


3 
| ta 


On WELDING CHARACTERISTICS OF SEAMLESS PIPE 


of oxygen as a gas rather than by com- 
bination with silicon or a similar deoxi- 
dizer to form inclusions improves 
cleanliness of the steel. This helps to 
provide a steel which may be satis- 
factorily pierced on a commercial basis. 
After carbon deoxidation, manganese 
and silicon are added to the vessel or 
ladle and aluminum to the ladle. Silicon 
combines with oxygen remaining after 
carbon deoxidation, and aluminum fur- 
ther deoxidizes the steel and combines 
with the nitrogen present. Manganese is 
added to meet specification requirements 


steel including 3 melts of silicon-killed 
basic open-hearth steel, 3 melts of sili- 
con-aluminum-killed basic open-hearth 
steel, and 6 melts of deoxidized acid- 
bessemer steel were studied. All of these 
types of steel are used in the manufacture 
of seamless pipe and, therefore, a com- 
parison of their properties should be of 
interest. The silicon killed open-hearth 
steel is of particular interest because of 
its improved creep and creep rupture 
properties (4). Open-hearth seamless pipe 
is generally manufactured from either 
silicon-aluminum-killed or aluminum- 


TABLE IL—CHEMICAL AND MECHANICAL PROPERTIES OF STEELS, 


Chemical Analysis, per cent 


Melt Process® 


Car- 


Deoxidation 


O.H. 

O.H. 

O.H. 
Average 


Silicon-aluminum 
Silicon-aluminum 
Silicon-aluminum 
Silicon-aluminum 


Silicon 
Silicon 
Silicon 
Silicon 


Carbon-silicon-aluminum 
Carbon-silicon-aluminum 
Carbon-silicon-aluminum 
Carbon-silicon-aluminum 
Carbon-silicon-aluminum 
Carbon-silicon-aluminum 
Carbon-silicon-aluminum 


| 
| 


Phos- | Sul- | Sili- 
phorus| fur con 


Strength, psi. | 
| Elongation in 2 
in., per cent 


-016 | 0.035 
0.033 
0.030 


.018 | 0.033 
-018 | 0.033 
-018 0.028 
-018 


-075 | 0.022 
-077 0.023 
-075 0.020 
-075 | 0.023 
-073 0.022 
-076 


sss | 


Minimum Requirements in Specification A 53 - 47 


*0.H. = Basic open-hearth. 

B = Deoxidized acid-bessemer. 
and to enhance forgeability. The phos- 
phorus content of bessemer steel may be 
used to replace part of the carbon or 
manganese required to meet certain 
tensile properties. This practice results 
in a fully killed bessemer steel and has 
been described in more detail by Wright 
(1) Price (2), and Wilder (3). 

All of the material used in this in- 
vestigation was grade B seamless pipe 
63 in. in outside diameter with a 0.562-in. 
wall made in accordance with A.S.T.M. 
Specifications A 53.2? Various types of 


MATERIALS 


killed steels. The latter type of steel 
with reference to welding characteristics 
should, in general, be similar to silicon- 
aluminum-killed steels and, therefore, 
was not included in the investigation. 

Chemical analysis, tensile properties 
and standard A.S.T.M. austenitic grain 
size’ after carburizing the steels investi- 
gated are shown in Table I. The residual 
alloy content of these steels was very 
low as no alloy scrap was used in steel 
melting. Due to the higher phosphorus 
content of acid-bessemer steel, the car- 


5 Standard Classifications of Austenite Grain Size in 
Steels 19 - 46), 1949 Book of A.S.T.M. Standards, Part 
1, p. 1271. 
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uste- 
uttc 
srain 
nese | 
A 0.26 | 0.80 0.14 | 48 900 | 80000 to 8 
B 0.24 0.83 0.14 47 100 | 77 800 to 8 : 
Cc 0.24 0.88 0.17 | 47 600 | 82 200 to 8 
0.25 0.84 Sie 47 900 | 80 000 to 8 
D O.H. 0.25 0.80 0.16 | 46 200 | 78 500 to 4 ”“ 
E O.H. 0.28 0.87 0.19 | 46800 | 82700 to 4 e A 
F O.H., 0.28 0.71 0.18 | 45 300 | 79 000 to 4 ; 
Average 0.27 | 0.79 ; 46 100 | 80 100 to 4 : 
G B | 0.16 | 0.51 0.22 | 45000 | 71 900 to 8 
H B 0.15 | 0.44 0.22 | 47 000 | 72 500 to 8 : : 
I B 0.14 0.43 0.22 | 46000 | 73 500 to 8 7 J 
J B 0.13 0.43 0.21 | 45600 | 71 200 to 8 t 
K B 0.14 0.42 0.21 | 45700 | 71 400 to 8 
L B 0.13 0.44 0.19 | 43600 | 71 000 to 8 
Average 0.141 0.45 0.075! ... ... | 45500) 71900] 42 |B to8 
35 000 | 60 000 | 30 
q 


bon and manganese required to meet 
similar tensile properties is lower, com- 
pared with basic open-hearth steels. 
Grade B seamless pipe to A.S.T.M. 
Specification A 53? is usually manu- 
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obtained with material quenched from 
2100 F. were similar for the open-hearth 
steels. The bessemer steel, however, had 
a lower hardenability due to its chemical 
composition. 


- 
iN (St KILLED OPEN HEARTH 
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{si.- AL. KILLED OPEN HEARTH 


‘Si. AL. KILLED BESSEMER , 
Distance From Water-Coocen OF Diamerer Bar, IN 
4 . Fic. 1.—Hardenability of Grade B Steels. ; 
factured so that the product is reason- 1 3° 
ably uniform with respect to tensile 7 4 32 
» 


properties. All of the steels had a fine 
austenitic grain size with exception of 
the silicon-killed open-hearth steel which 
was coarse grained. All material was 
tested in the “as-rolled” condition. 
Hardenability tests of end-quenched 0.5 
in. diameter solid bars made in accord- 
ance with A.S.T.M. Method A 255° are 
shown in Fig. 1. The hardenability 
curves represent the average results of 
all heats quenched from 1600 F. The 
bessemer steel had the lowest hardena- 
bility due to chemical composition and 
austenitic grain size. The silicon-killed 
open-hearth steels had the _ highest 
hardenability which may be associated 
with the chemical composition and 
coarse grain size. Hardenability results 


Tentative Method of End-Quench Test for Harden- 
ability of Steel (A 255-48T), 1949 Book of A.S.T.M. 
Standards, Pert p. 505. 


| - ROOT - E6010 ELECTRODE 
2- 4FILLER 2- 6010 ELECTRODE 
FACE 32 
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TACK WELD if 
Fic. 2.—Welding Sequence. - 


Test MetHops 
Girth Welds, Tension, and Bend Tests: © 


Circumferential manual metallic arc 
welds of full pipe sections were used in 
this investigation. The welds were made 
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with ‘‘as-rolled”’ pipe by a pipe fabri- 
cator in accordance with the A.S.M.E. 
Boiler Construction Code.’ The type of 
joint and welding sequence are shown in 
Fig. 2. Preheat, postheat or stress re- 
lieving were not used during welding. 
The pipe was rolled during welding and 
welded in a flat position, test position 
1 F in Fig. Q-27, Section IX of the 
A.S.M.E. Boiler Construction Code. 


> col 
& 
a 


O F. 60 F 


Fic. 3.—Bead Welds for Microstructure and 
Hardness Tests. 


Tension tests of the original pipe and 
tension, free-bend and guided-bend tests 
of the girth welds were made in accord- 
ance with the A.S.M.E. Boiler Con- 
struction Code’ and Case No. 1022 of 
the Code. Free-bend test specimens 
were 0.5 in. thick and 0.75 in. wide. The 
root- and face-guided bend test speci- 
mens were 0.5 in. thick and 13 in. wide. 
The guided-bend jig was modified in 
accordance with Case 1022. Free-bend 
and face-guided bend test specimens 
were not stress relieved, but after 
grinding they were aged at ambient 
temperature for one week. The grinding 


7 Standard Qualification for Welding Procedure and 
Welding Operator, Section IX, Am. Soc. Mechanical 
Engrs., Boiler Construction Code (1949). 


marks on the test specimens were 
longitudinal. The root-guided bend test 


specimens were stress relieved at 1200 F. 
and after grinding, the specimens were 
artificially aged at 240 F. for 20 hr. to 
relieve grinding stresses. Stress relieving 
of welded construction may be used by 
the pipe fabricator under certain con- 
ditions due to the wall and ductility > 
characteristics of the material. 


VICKERS HARDNESS 
(Girth Web) 


VICKERS HARDNESS 


Fic. 4.—Hardness Contours of Weld. 


Bead Welds, Hardness Surveys, and In- . 
ternal Structure: 


In order to reduce variables associated 
with manual metallic arc welding, trans- 
verse and longitudinal single weld beads 
shown in Fig. 3 were made at the U.S. 
Steel Corp. Research Laboratory. These 
beads were deposited in a flat position 
with an automatic welding head with a 
stick electrode attachment. An E-6010 
welding electrode was employed. The 4'¢- 
in. electrode was deposited at 80 F. with 
180 amp. and 6 in. per min. travel speed. 
The } in. electrode was deposited at 0 F. 
with 100 amp. and 10 in. per min. travel 
speed. The reason for depositing two 
beads under different welding conditions 
was to represent normal welding con- 


ditions with the ;%-in. electrode and 
severe welding condition with the {-in. 


electrode. 


= 


— 


Hardness surveys were made on trans- 
verse sections of the girth and bead 
welds shown in Figs. 2 and 3. A standard 
Vickers hardness tester was used with 
1- and 10-kg. loads. The 1-kg. load was 
used only in the heat affected zone and 
the hardness contours are shown in Fig. 


NOTCH 
0.05" DEPTH 
0.01" RADIUS 

45° ANGLE 
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A.S.M.E. Unfired Pressure Vessels 
Code.’ Tests were made with a notch in 
the unaffected base material, with a 
notch in the heat-affected zone of the 
girth welds, and with a notch in the weld 
metal of the girth welds. Impact tests 
from each melt of steel were made at 


NOTCH 
0.05" DEPTH 
0.01" RADIUS 


| 45° ANGLE 
’ 
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4. The microstructure and macrostruc- 
ture of transverse sections of girth and 
bead welds shown in Figs. 2 and 3 were 
examined. 

Impact Tests: 


Standard Charpy keyhole impact tests 
were made in accordance with the 


WeLD BEAD FLATTENING (Srecimen) 
(Lonsitupinac Bean) 


CRATER OVERLAP 


WELD BEAD FLATTENING (specimen) 
(Transverse 


CRACKING SUSCEPTIBILITY TEST SPECIMEN 
Fic. 5.—Weld Bead Flattening and Cracking Susceptibility Test Specimens. 


temperatures of — 20, 0, 25, 75, 450, and 
750 F. Material with a representative 
microstructure was selected for test pur- 
poses. At several temperatures more 
than one impact test was made, and this 


® Rules for Construction of Unfired Pressure Vessels, 
Section VIII, Am. Soc. Mechanical Engrs., Boiler Con- 
struction Code (1950). 


Hane 
| ) 
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was done to be certain of the tempera- 
ture-impact relationships reported. 
Cracking Susceptibility: 

A weld bead shown in Fig. 5 was de- 
posited in a flat position at 0 F. using a 
t-in. E-6010 electrode with 100 amp. 
and 10 in. per min. travel speed with 
the automatic welding head previously 
described. After welding, the specimen 
was heated at 1100 F. for 1 hr. and then 
sectioned longitudinally through the 
weld. The vertical plane through the 
center of the weld was ground and 
polished, etched with ammonium per- 
sulfate to locate the heat-affected zone 
of the weld. The etched specimen was 
magnaflux tested and the lengths of 
cracks were measured under the micro- 
scope. 

The results were expressed in _per- 
centage of total weld length cracked. A 
bead 14 in. long was employed so that 
the conditions encountered in striking 
an are in the absence of preheat were 
obtained. Weld beads with a greater 
length were not employed because they 
are appreciably preheated by the weld 
deposit and the susceptibility to cracking 
is decreased. 


Weld bead flattening tests were made 
from pipe rings shown in Fig. 5. Weld 
beads were deposited in a flat position 
on pipe rings 6 in. wide with the auto- 
matic welding head previously described. 
A 7¢-in. E-6010 electrode with 180 amp. 
and 6 in. per min. travel speed was used. 
The temperature at the start of each 
weld bead was 80 F. The weld beads 
were deposited in the longitudinal direc- 
tion with respect to the major axis of the 
pipe. After welding, the beads were 
notched as shown in Fig.’5 in accordance 
with the procedure outlined by Offen- 
hauer and Koopman (5) and aged at 
212 F. for 24 hr. The notched pipe rings 


Weld Bead Flattening Tests: 
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with the notch at 90 deg. from the direc- 
tion of applied force were flattened by 
compression in a tension testing machine 
at the rate of 0.5 in. per min. until a 
crack appeared. The distance between 
plates used in flattening, lateral con- 
traction in width of the specimen and 
the maximum load were measured to 
provide a method for evaluating welda- 
bility of a pine section. The use of an 
automatic welding head eliminated cer- 
tain variables encountered in girth 
welding. The base of the notch was in 
weld metal, and, under these conditions, 
the crack originating in the notch pene- 
trated into the heat-affected zone of the 
base material before failure was recorded. 
The notch, therefore, in the heat-affected 
zone before failure of the specimen 
consisted of a crack which originated in 
the weld metal. Pipe rings without a 
notch in the unwelded and welded con- 
dition were also tested. 


RESULTS AND DISCUSSION 


Tension and Bend Test Results of Girth 


Welds: 

Tensile properties of the pipe material 
in the ‘“‘as-rolled”’ condition are shown 
in Table I. All of the material met 
A.S.T.M. requirements for pipe.” It will 
be observed that the yield strength and 
percentage elongation of all the steels 
were similar. Tensile strengths of the 
open-hearth steels were higher than the 
bessemer steel, although all the steels 
were well above the specification require- 
ments. 

Pipe used by fabricators is generally 
welded and frequently must meet the 
requirements of the A.S.M.E. Boiler 
Construction Code. In order to deter- 
mine if the material used in this investi- 
gation would meet these requirements, 
girth welds were tested. Tension tests 
of girth welds made in accordance with 
the welding procedure outlined in Fig. 
2 are shown in Table IT. All of the steels 
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TABLE II.—TENSION AND BEND TEST RESULTS 
OF GIRTH WELDS. 


Tension Tests Bend Tests 


Elon peng Guided- 
Material - | | Test 
s te 2 
2. in. | i 
cent | cent 
Melts A to C, incl. 
(silicon-alumi- 
num-killed 
open-hearth) 49 800 74 000, 20 73 OK OK 
Melts D to F, incl. 
(silicon killed 
open-hearth) 48 900 74 500 17 67 OK OK 
Melts G to L, incl. 
(deoxidized | 
bessemer) 49 10072 900) 25 | 57 | OK) OK 
A.S.M.E. | 
Boiler Code 
minimum re- 
quirements 


60 000 | 25 


@ Stress-relieved at 1200 F. 


TABLE IIIl.—GIRTH 


Girth Weld 


| 


Me tts A To C, INCL., SILIcon-ALUMINUM-KILLED OpEN-HEARTH 


Range 


Me tts D To F, OpeN-HEARTH 


Me ts G To L, tnct., Deoxipizep Acip-BESSEMER 
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Normal Welding Procedure, 
Longitudinal Bead Weld 


laahtess 138 to 168 143 to 197/133 to 167 148 to 178|193 to 239/191 to 225/147 to 165/210 to 263|262 to 287 
152 | 14 160 208 157 234 


specimens were all satisfactory. A metal 
lurgical examination of the girthwelds 
indicated good penetration and minimum 
porosity in the root beads. The heavy 
wall thickness was associated with the 
necessity for stress relieving the root- 
bend test specimens. 

Free-bend tests are used to evaluate 
ductility of welds, but it should be 
pointed out that the tension test may 
also be employed to evaluate this 
property. In the tension test the entire 
cross-section of the weld is uniformly 
stressed while in the free-bend test the 
outer fibers of the test specimen are 
subjected to maximum elongation. 

In the root- and face-guided bend 
tests, soundness is evaluated in the 


AND BEAD WELD VICKERS HARDNESS. 


Severe Welding Procedure, 
Longitudinal Bead Weld 


| | 3 | 30 


© 180/224 to 276/179 to 198/159 to 175 330 to 401/248 to 285 
70 | 2 


| 164 | 363 | 27 


186|214 to 283|187 to 215,160 to 183/283 to 3391251 to 281 
| 253 | 197 71 309263 


271 


146 to 171/145 to 219/134 to 170/155 t 
Average........... 158 172 | 150 | 1 
Range ............. 140 to 181/142 to 219/132 to 168/172 to 
Average........... 164 180 1 178 
Range | 
Average............ | 

@ 1 = Unaffected base metal. 
2 = Heat-affected zone. 
3 = Weld metal, 


met requirements of the Boiler Code. 
The percentage elongation was lower for 
the open-hearth steels, particularly the 
silicon-killed steel. 

Free-bend tests of all the steels were 
well within Boiler Code requirements. 
Lower total elongation was observed in 
the bessemer steel. In the guided-bend 
jig all the face-bend tests were satis- 
factory. Some of the open-hearth and 
bessemer steels in the ‘‘as-welded” con- 
dition failed in the root-bend test. After 
stress relieving at 1200 F., the root-bend 


outer fibers of the test specimen, and the 
internal structure of the weld is not 
observed unless the specimen is frac- 
tured. The side-bend test of a well 
evaluates soundness throughout the 
welded area, but is employed only in 
material with a #-in. or heavier wall. 
With reference to the soundness of a 
weld, the nick-break test in lighter wal! 
material offers certain possibilities which 
have not been generally recognized. Al- 
though nick-break tests were not used 
in this investigation, macrostructure and 
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microstructure of the welds were ex- 
amined. 

Methods for evaluating the ductility 
and soundness of welded structure should 
be re-evaluated, particularly in the 
higher strength materials. Further, the 
notch effects obtained in the root bead 
with or without a back-up ring and in 
the face bead at the junction of the weld 
metal and base material are significant 
factors in considering strength of the 
welded joiu! 


Hardness Results of Girth and Bead 
Welds: 


Vickers hardness results of the girth 
welds, as given in Table III, were simi- 
lar. The maximum hardness was ob- 
served in the heat-affected zone of the 
‘base metal adjacent to the face bead. 
The hardness contours are shown in Fig. 
+. Unless a small hardness indentation 
is used in the heat-affected zone, the 
maximum hardness may not be observed. 
The weld metal of the face bead had a 
greater hardness compared with the root 
and filler weld beads. Hardness of the 
heat-affected zone adjacent to the root 
and filler beads was lowered by heat 
input from deposition of the several 
weld beads. 

Due to the welding sequence shown in 
lig. 2, hardness of the heat-affected area 
associated with the face bead was the 
only significant area in the weld where 
hardness might be associated with ad- 
verse weld performance. It should be 
pointed out, however, that in depositing 
the root bead the hardness originally 
obtained may, in certain steels, be related 
to cracking unless preheat is employed. 

Hardness results of the longitudinal 
weld beads (Fig. 3) with normal and 
severe welding procedures are also given 
in Table III. Hardness contours are 
depicted in Fig. 4. The hardness results 
obtained with the longitudinal and 


transverse weld beads were similar, and 
therefore only the longitudinal weld 
bead results are discussed. 

It will be observed in Table III that 
with normal welding procedure the maxi- 
mum hardness of the open-hearth steels 
was greater compared with the bessemer 
steel. The maximum hardness of the 
welds was observed in the heat-affected 
area adjacent to the weld bead and at the 
base of the bead 

With the severe welding procedure, 
the maximum hardness in the bead welds 
was again observed in the open-hearth 
steels and particularly in the silicon- 
aluminum-killed steel. Hardness of the 
weld metal was appreciably higher in 
weld beads with the severe welding pro- 
cedure. The lower hardness observed 
in the bessemer steel may be associated 
with the lower carbon content (Table I) 
and lower hardenability (Fig. 1) of this 
type of steel. 


Microstructure of Girth and Bead Welds: 


Girth welds were metallographically 
examined, and typical structures are 
shown in Figs. 6and 7. The silicon- 
aluminum-killed open-hearth steel in 
Fig. 6 was similar to the silicon-killed 
open-hearth steel. In comparing the 
bessemer steel in Fig. 7 with Fig. 6, it 
will be observed that the. principal 
difference in structure may be asso- 
ciated with lower carbon content of the 
bessemer steel. 

Weld metal in the root and filler beads 
was recrystallized, and the face bead 
was the only weld bead with an “as- 
cast” structure. The microstructure of 
the heat-affected zone was closely related 
to the hardness results obtained. The 
heat-affected zone of the base metal 
associated with the face bead was the 


only area of the base metal adjacent to. 


the girth weld where the coarse-grained 
structure was observed. The metallo- 
graphic structure depicted clearly indi- 
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L— Fusion Zone in Cover Bead 
Fusion Zone in Filler Bead 


Weld Metal in Root Geo. 


x 


Microstructure of Girth Weld Silicon-Aluminum-Killed Open-Hearth Steel (100). Etched in Nital. 
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Weld Metal(X!100)) 
Etched in Nital. 


Weld in Bead(X3'% 
Etched in Nital. 
Etched in Nitric Acid and Picral. 


. 
Etched in Nital. 


x 


Fic. 8.—Microstructure of Longitudinal Weld Bead, Silicon-Aluminum-Killed Open-Hearth Steel. 
Severe Welding Procedure. 
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Weld Metal(X!00) 
Etech 


* 
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Weld Bead (X3'%) 
Etched in Nital. 


teh 
Overheated Zone(X500) 
Etched in Nitric Acid and Picral 


Heat-Affected Zone(Xi0O0) 
Etched in Nital. 


Fic. 9.—Microstructure of Longitudinal Weld Bead, Deoxidized Acid-Bessemer Steel. 
Severe Welding Procedure. 
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Weld Metal 


Fusion Zone 


Silicon—Aluminum Killed Open-Hearth Steel 
Weld Bead(X3'%) 


Deoxidized Acid-Bessemer Steel 
Weld Bead (X34) Fusion Zone(X!00) 


Fic. 10.—Microstructure of Longitudinal Weld Beads. Normal Welding Procedure. Etched in Nita] 
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cates the refinement of 
obtained in multi-pass welding. 

Typical microstructures observed in 
longitudinal weld beads of the silicon- 
aluminum-killed open-hearth and_bes- 
semer steels with severe welding 
procedure are shown in Figs. 8 and 9. 
Microstructure of the silicon-killed open- 
hearth steel was similar to the silicon- 
aluminum-killed open-hearth steel. Cir- 
cumferential weld bead results are 
not shown as they were comparable 
with the longitudinal weld beads. 

Acicular martensite and bainite were 
observed in the heat-atiected zone of 
the base metal near the weld metal in 
all weld beads deposited with a severe 
welding procedure. The open-hearth 
steels were completely acicular in the 
base metal near the fusion zone, but in 
the bessemer steel pearlite and free fer- 
rite were also associated with the acicular 
structure. 

Underbead cracks were observed in 
the open-hearth steel and are shown in 
Fig. 8. No underbead cracks were ob- 
served in the bessemer steel. Weld metal 
in all weld beads had a cast columnar 
structure. In the heat-affected zone of 
the base metal, various structures asso- 
ciated with the thermal gradient were 
observed. Adjacent to the area of grain 
growth, a completely recrystallized struc- 
ture with grain refinement was observed. 
Partial recrystallization and spheroidized 
structures merging into unaffected base 
material were observed. 

The metallographic structure of weld 
beads with normal welding procedure is 
shown in Fig. 10. The silicon-killed open- 
hearth steel was similar to the silicon- 
aluminum-killed steel shown in Fig. 10. 
Circumferential weld beads in all the 
specimens were similar to the longitudi- 
nal weld beads depicted in Fig. 10. The 
heat-affected zones of the large weld 
beads were appreciably larger compared 
with the heat-affected zones of the small 
weld beads shown in the macrographs of 
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Figs. 8 and 9. The large heat-affected 
zone is associated with the greater heat 
input and slower cooling rate. Martensite 
and underbead cracking were therefore 
not observed in the weld beads with 
normal welding procedure. 

A columnar cast structure may be ob- 
served in the weld metal of Fig. 10. 
Immediately beneath the weld metal, 
coarse grains with free ferrite and a 
Widmanstitten structure associated with 
the grain boundaries were observed. The 
coarse grain structure gradually de- 
creased in size, merging into an area of 
recrystallized metal with a fine grain 
structure. The fine grain structure 
merged into a partially recrystallized 
structure with some spheroidization and 
finally the unaffected base material. The 
metallographic structure of the bessemer 
steel indicated a smaller area of coarse- 
grained structure compared with the 
open-hearth steels and less pearlite was 
present due to the lower carbon content 
of the bessemer steel. 


Impact Properties of Girth Welds: 


The steels in this investigation were 
studied in the ‘‘as-rolled” state although 
they are not used in this condition — 
for low-temperature service. In the 
A.S.M.E. Boiler Construction Code, 
impact tests are required only for 
operating temperatures below —20 F. 
The production of steel for low-tem- 
perature service requires special de- 
oxidation practice in conjunction with — 
heat treatment and frequently necessi- 
tates the use of alloy additions. The 
impact characteristics of various types 
of steel have been discussed, by one of 
the authors (6), and in the present paper 
the impact properties of girth welds at 
—20 F. to 750 F. of steels ordinarily 
used for these operating temperatures 
are reported. 

Although the steels in this inves- 
tigation are frequently employed at 
temperatures above 750 F., the creep 


7 


properties (7) and graphitization char- 
acteristics (8) are of such a nature that 
chromium molybdenum steels are gen- 
erally used for higher operating tem- 
peratures. Also, it is recognized that in 
studying the impact properties of girth 
welds, some uncertainty exists in de- 
termining the impact properties of the 
heat-affected zone. In the discussion of 
metallographic structure of the welds in 
this investigation, it was observed that 
the coarse-grained structure in the heat- 
affected zone was only in the area 


Fic. 11.—Location of Fracture in Impact Spec- 
imen of Heat-Affected Zone of Girth Welds. 
TABLE IV.—AVERAGE CHARPY IMPACT TESTS 
OF GIRTH WELDS. 


| Specimen (Standard Size), ft. Ib. 


Unaffected | Heat-Af- 
Tem rahnt’| Base Metal | fected Zone | Weld Metal 
| 2 | 1° | 2° | | 1° | 2° | 3° 
20 | 5 | 23 | 47 | 32 | 36 | 29 | 29 | 30 
0.. 22 | 6| 24 49 | 38 | 38 | 31 | 30 | 33 
26 | 23 | 28 48 | 40 | 40 | 34 | 32 | 37 
32 | 28 52 | 43 | 48 | 33 | 35 | 38 
31 | 32 | 43 | 43 | 44 | 45 | 32 | 32 | 34 
18 19 25 | 26 | 23 | 27| 18 | 16 | 17 


@1 = Melts A to C, incl., silicon-aluminum-killed 
open-hearth, average of three impact tests. 
2 = Melts D to F, incl., silicon-killed open-hearth, 
average of three impact tests. 
3 = Melts G to L, incl., deoxidized acid-bessemer, 
average of six impact tests. 


adjacent to the face or cover bead. The 
remainder of the heat-affected zone in the 
weld had a fine grained structure. Due 
to the fact that grain size has an im- 
portant bearing on impact properties, 
the girth welds in this investigation 
were notched in the heat-affected zone 
so that the path of fracture would 
include the coarse-grained structure. 
This is illustrated in Fig. 11. 

The weld metal impact specimens were 
notched from the root bead side of the 
specimen, and fracture occurred entirely 
in .veld metal. Location of the notch in 
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impact specimens of “‘as-rolled” pipe 
is illustrated in Fig. 1 of the earlier paper 
by Wilder (6). 

The impact properties are summarized 
in Table IV. It will be observed that in 
the weld metal and _ heat-affected zone 
the impact properties for all steels were 
similar. At 750 F., lower impact proper- 
ties were observed in these zones al- 


TABLE V.—WELD BEAD FLATTENING TEST 
RESULTS. 


Flattening, 

Type! Max. Load, | percentage 
ype aia 1000 Ib. outside 

pe | diameter? 


Me tts A To C, INcL., Stticon-ALUMINUM-KILLED 
Open-HEARTH 


3.2 35.2 48 
2.4 37.5 | 54 
i.5 35.9 51 
1.5 | 32.4 32 

0.8 18.7 84 
0.5 | 19.8 88 


| 30.0 56 


2.6 
22 | 433.5 56 
1.3 32.5 56 
0.8 19.4 82 
05 | 19.4 88 


3.3 42.4 50 
4.5 38.2 48 
1.4 30.8 57 

1.0 19.6 80 
N-CW ; 0.4 19.5 89 
1U = Unnotched, 
N = Notched 
CW = Circumferential weld bead, and 
LW = Longitudinal weld bead. 


2 Percentage outside diameter = E 
distance between plates, in. X 100 


6.625 


though the specimens were not brittle 
at this temperature. 

In the original pipe material, the 
silicon-killed open-hearth steel was 
brittle at 0 F. and at —20 F., while the 
silicon-aluminum-killed open-hearth and 
bessemer steels had satisfactory impact 
properties. These results indicate that 
in the heat-affected zone of girth welds 
in lighter wall pipe, the properties of 
silicon-killed open-hearth steel at low 
temperature may be lower than those 
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shown in Table IV. At 750 F. the impact 
properties were lower for all the steels 
as compared with 450 F. 


Weld Bead Flattening Test Results: 


The flattening test specimens shown 
in Fig. 5 were used in an attempt to 
evaluate weldability with particular ref- 
erence to tubular products. A flattening 
test specimen consisting of a ring or 
nipple of pipe is a recognized means of 
measuring the ductility of commercial 
pipe and tubing. 

The results shown in Table V indicate 
that weldability as evaluated by this 
type of test was similar for all the steels 
investigated. The longitudinal weld bead 
in the notched condition was the most 
satisfactory type of test due to the fact 
that a rapid rate of crack propagation 
occurred at the time of fracture. The 
notched longitudinal weld bead results 
indicated that at ambient temperature 
the ductility of the various materials as 
measured by percentage flattening and 
percentage contraction was similar. Re- 
sults obtained with the other types of 
specimens were erratic due to the for- 
mation of hairline cracks which were 
difficult to detect at the time of their 
initial formation. 

A comparison of the notched longi- 
tudinal weld bead tests with unnotched, 
unwelded specimens indicates that the 
amount of flattening was similar but 
the percentage contraction was less in 
the welded specimens. A more complete 
evaluation of weldability would be 
obtained if the tests were conducted at 
various temperatures. Under this con- 
dition, a transition temperature as de- 
scribed by Offenhauer and Koopman 
(5) would be determined and weldability 
of the steels could be more accurately 
evaluated. However, with reference to 
future testing, results of this investiga- 
tion indicate that only the notched longi- 


tudinal weld bead specimens should be 
employed in evaluating weldability. 


Cracking Susceptibility Test Results: 


The tendency for underbead cracking 
in weld bead specimens was evaluated 
with the specimen shown in Fig. 5. The 
results are reported in Table VI. The 
type of crack observed in the bead welds 
is shown in Fig. 8. 

Underbead cracks were observed in 
the open-hearth steels and the silicon- 
killed steel had the greatest cracking 
susceptibility. No cracks were observed 


in the bessemer steel. These results are | 


related to the hardenability and hardness 
results previously discussed. The besse- 


mer steel had the lowest hardenability | 
when quenched from 1600 F. and 2100 


TABLE VI.—CRACKING SUSCEPTIBILITY TEST 
RESULTS, 


Percentage 


Materials 


Melts A to C, incl. 
killed open-hearth)..................... 
Melts D to F, incl. (silicon-killed open- 


(silicon-aluminum- 


F. and in the weld beads deposited with | 


severe welding procedure the lowest 
hardness. The bessemer steel, due to its 


higher phosphorus content, also had a_ 


lower carbon and manganese content — 


which apparently is related to the lower — 


cracking susceptibility. If a lime-coated 
low-hydrogen weld rod had been em- 
ployed, it is quite possible that under- 
bead cracks would not have been ob- 
served in the open-hearth steels. 


CONCLUSIONS 


1. All materials tested were seamless — 
pipes in the “as-rolled” condition and the © 
chemical and physical properties met — 
A.S.T.M. specification requirements for | 
grade B steel pipe.? The bessemer seam-_ 


less pipe was made from a _ special 
deoxidized steel, and although the carbon 
and manganese content were lower 
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¢ 
‘ i 
51 
Melts G 
1 4 | 1 


Wirper, KenNepy, AND CroucH 


compared with the open-hearth steels, 
the tensile properties were similar. 

2. The deoxidized bessemer steel had 
the lowest hardenability when quenched 
from 1600 F. and 2100 F. 

3. The silicon-aluminum-killed open- 
hearth and deoxidized bessemer steels 
had a fine austenitic grain size after 
carburizing at 1700 F. and the silicon- 
killed open-hearth steel was coarse 
grained. 

4. Girth welds met the tensile and 
bend test requirements of the A.S.M.E. 
Construction Code. 

. Maximum hardness results in the 
‘girth and bead welds were higher in the 
open-hearth steels compared with the 
-deoxidized bessemer steel. 

6. Hardness and microstructure of 
longitudinal and circumferential weld 
beads were similar. 

A coarse-grained structure was ob- 
served in the heat-affected zone of the 
bead welds and also adjoining the face 

beads of the girth welds in contrast to a 
‘fine-grained structure adjoining the filler 
and root beads of the girth welds. 


8. Satisfactory impact properties in 
the girth welds were obtained at — 20 F. 
to 750 F. in all the steels except the 
silicon-killed open-hearth steel at the 
lower temperatures. 

9. In the weld bead flattening tests, 
all the steels were similar and the 
notched longitudinal weld bead tests 
were the most consistent. 

10. The open-hearth steels exhibited 
underbead cracking in the cracking- 
susceptibility tests. Cracks were not 


observed in the bessemer steel. male 
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PERRY O. R. 
CARPENTER,” AND F. EBERLE’ (pre- 
sented in written form).—The authors 
have presented data which in our opinion 
demonstrate that deoxidized acid-bes- 
semer pipe of the quality stated in the 
paper can be satisfactorily welded into 
piping systems and for certain other 
pressure parts. It is our understanding 
that such use would be limited to 750 F. 

We should like to know the authors’ 
opinion as to the reproducibility of 
homogeneous quality of this type of 
steel in different mills and possibly 
different companies that might be li- 
censed to produce the pipe. 

The spread in tensile strength of 7000 
to 10,000 psi. between the bessemer and 
open-hearth pipe seems unfortunate. If 
the open-hearth pipe selected for test 
had been near the tensility of the bes- 
semer, and with fine grain size, the 
hardenability and the underbead crack- 
ing tendency might have been nearer 
in comparison. A.S.T.M. Specifications 
A 53, grade B pipe should in general 
average somewhat under 70,000 psi. 
tensile strength, and relatively few heats 
should reach 80,000 psi. Notwithstanding 
this difference in tensility, the elonga- 
tion of the open-hearth pipe was equal 
to the bessemer. 

Is it the authors’ opinion that the 
bessemer pipe as welded has no materi- 
ally different quench age-hardening char- 
acteristics than the open-hearth pipe? 


1 Executive Assistant, The Babcock & Wilcox Co., 
Boston, Mass. 

2 Director, Works Control Lab., The Babcock & Wil- 
cox Co., Barberton, Ohio. 

2 Chief Metallurgist, Research and Development Dept., 
The Babcock & Wilcox Co., New York, N N.Y. 


Have the authors any data on the 
fatigue characteristics of welded besse- 
mer as compared to welded open-hearth 
pipe, or for the base material without 
welding? 

In introducing a new type of material 
such as the deoxidized acid-bessemer 
pipe to be used interchangeably with 
older types, it is well to proceed with 
caution until experience and laboratory 
tests such as described by the authors 
indicate what is safe and what may be 
questionable. The authors are to be 
congratulated upon their continuation 
of the exploration of the characteristics 
of this new type of steel pipe. 

Messrs. A. B. WILDER, W. B. KEn- 
NEDY, AND F. W. Croucu (authors).— 
We offer the following comments re- 
garding the significant points raised by 
Messrs. Cassidy, Carpenter and Eberle: 

Where graphitization is a problem, 
we do not recommend the use of either 
open-hearth or bessemer plain carbon 
steels above an operating temperature 
of 750 F. Steels containing chromium 
should be used when graphitization is a 
problem. Although plain carbon steels, 
under certain conditions, are used at 
temperatures exceeding 1100 F., where 
creep is a problem at elevated tempera- 
tures, steels containing molybdenum 
should be employed and if oxidation is 
also a factor, chromium should be added. 

With reference to the quality of 
bessemer seamless pipe, we have manu- 
factured over a million tons of this type 
of material in our steel making plants, 
and have consistently met standard 
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pipe. Several other steel makers have 
manufactured killed bessemer seamless 
pipe and, as far as we know, quality of 
the product has been similar to our 
own product. In order to manufacture 
consistently on a sound economic basis 
either open-hearth or bessemer steel for 
seamless pipe, it is necessary to exercise 
many precautions. Our company has 
been a pioneer in the use of statistical 
quality control methods in steel making, 
and these principles have been adapted 
to the control of steel making practices. 
In addition, experience over a period of 
many years in the manufacture of the 
seamless product has been very helpful 
in developing a satisfactory bessemer 
steel making practice. 

The ratio of the yield strength to the 
tensile strength is higher for bessemer 
seamless compared with open-hearth 
seamless pipe. In melting open-hearth 
steel for seamless pipe with a 0.562 in. 
wall, yield strength is the controlling 
factor. It will be observed that the 
yield strengths and elongations of the 
open-hearth and bessemer heats were 
similar. If open-hearth steel were melted 
to a lower chemistry, certain melts 
would fail to meet the minimum yield 
strength requirements of 35,000 psi. 
Messrs. Cassidy, Carpenter, and Eberle 
state that the average tensile strength of 
Specifications A 53 grade B material is 
about 70,000 psi., and this would be true 
for lighter wall open-hearth material 
with lower carbon or manganese. We 
feel the comparison of underhead crack- 
ing is valid, as the material studied in 
this investigation is representative of 
what would be normally manufactured. 

No data are available on the quench 
age-hardening characteristics or fatigue 
properties of the material investigated. 
It is planned to obtain this information. 
A limited number of fatigue tests con- 
ducted several years ago indicate that 
the fatigue characteristics of open-hearth 
and bessemer seamless pipe are similar. 


Messrs. C. F. HuLincs AND JouN 
Howe tl‘ (presented in written form).- 
This paper on the “Welding Character- 
istics of ‘Open’ Hearth and Bessemer 
Steel Pipe” portrays another victory for 
the survival of bessemer in the steel- 
making field. Obsolescence of this pio- 
neer steelmaking technique has been 
threatened several times, due to im 
provements in  open-hearth practice 
made necessary to meet consumers 
demands for better ductility, forma- 
bility, and other steel qualities in this 
category. 

Welding, however, has always been a 
quality for which bessemer steel has 
often been specified in preference to 
open-hearth. It might be mentioned also 
in passing that bessemer steel never 
suffered by comparison where machina- 
bility was the primary quality demanded 
for a specific part. It is not surprising 
then that this improved deoxidized 
béssemer steel product has met the weld- 
ing requirements described by Messrs. 
Wilder, Kennedy, and Crouch. 

End use of steel for wartime products 
made manufacturers and consumers 
more practice conscious. Many steel 
users at that time first heard of the 
various steel-making practices such as 
rimmed, capped, semi-killed, fully killed 
or, as described here, fully deoxidized. 
Wilder in 1948 did another excellent job 
of preparing a paper entitled ‘Deoxi- 
dized Acid Bessemer Grade B Seam- 
less Pipe—Standard Specifications and 
Codes” describing comparative steps in 
the manufacture of regular and deoxi- 
dized bessemer steel. He analyzed the 
favorable results of both laboratory tests 
and fabrication operations designed to 
compare the quality of this special 
bessemer steel with the usually more 
favored open-hearth steel. 

The secret of the satisfactory per- 
formance has been proved to be thorough 
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deoxidation. This does not necessarily 
mean, however, that any one particular 
method of deoxidation is mandatory for 
satisfactory results. Although our labo- 
ratory tests were not so extensive as 
those described by the present investi- 
gators, we completed a program of weld, 
bend, Van Stone lap, and swage tests on 
bessemer steel thoroughly deoxidized 
but by a method different from that re- 
ported by Wilder and associates. 

In this program, samples of 83 in. 
grade B seamless pipe from ten blows of 
deoxidized bessemer steel were compared 
with four grade B open-hearth heats 
with very favorable results. 

Bessemer pipe was welded to besse- 
mer, open-hearth to open-hearth and 
bessemer to open-hearth to cover all 
possible practical commercial combina- 
tions. Etch, microstructure, Rockwell 
and tension tests were made on all 
combinations. Results of these tests may 
be briefly summarized as follows: 

(a) Full-section weld tests were etched 
in acid and no defective welds were 
found. 

(6) Microexamination of welds showed 
good fusion between weld and pipe 
metal with no abnormal heat penetra- 
tion. 

(c) Rockwell exploration on strip tests 
showed very little hardening in the heat- 
affected zone on any of the tests, indi- 
cating that the deoxidized bessemer had 
the same degree of insensitivity to 
hardening during welding as grade B 
open-hearth steel. 

(d) Longitudinal tension test coupons, 
with weld metal intact, were tested to 
failure with weld transverse to load. All 
failures occurred outside the weld and 
also outside the heat-affected area in 
every case. Tension test values of the 
bessemer pipe were equal or superior to 
those found on the open-hearth samples. 

Another weld test included the fabri- 
cation of two boiler headers made up of 
samples from eight deoxidized bessemer 
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blows. Each boiler header consisted of 
a main header tube with three necks 
welded thereto by four weld passes. 
Warping and pulling out of a vertical 
plane occurs during welding, and after 
cooling all necks were straightened back 
to their original position. This is practi- 
cally a reverse bend, and this severe 
test was successfully met by all samples 
without cracks, tears, weld rupture, or 
failure of any nature. 

In addition to these weld tests, de- 
oxidized bessemer steel was found equal 
to open-hearth in hot and cold bending, 
Van Stone laps and hot swaging (8% to 

4 in. outside diameter) operations. 

Our results, therefore, confirm those 
described by Wilder and associates and 
were so favorable that this special 
bessemer steel is now approved for ap- 
plication on seamless orders specifying 
grade B on API Specifications 5 L or 
A.S.T.M. Specifications A 53 and grade H 
casing on API Specifications 5 A. As 
stated above, complete deoxidation is 
absolutely necessary, and it is our 
practice to definitely confirm this by 
requiring fine grain results of McQuaid- 
Ehn tests on all blows applied on seam- 
less pipe. 

Messrs. WILDER, KENNEDY, AND 
Croucu (authors)— The remarks by 
Messrs. John Howell and C. F. Hulings 
are of particular interest because they 
summarize some of the results obtained 
on grade B bessemer seamless pipe made 
by another major steel producer, Jones 
& Laughlin Steel Corp. Although the 
deoxidation practice differed from that 
described in our paper, the fact that a 
fine-grained steel was produced is the 
most important factor with respect to 
the properties of the material. 

With reference to this matter of de- 
oxidation, the steel maker must develop 
a practice which not only permits the 
economic production of seamless pipe 
within the producing unit, but properties 
of the material must also be satisfactory 
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for the end use. The two problems are 
essentially dependent upon chemical 
composition and deoxidation practice 
and not necessarily the steel-making 
process. The practice developed for one 
plant may not necessarily produce a 
satisfactory product in another plant. 
For example, certain grades of seamless 
pipe are produced on Pilger mills in 
Europe from rimmed steel. We have not 
been able consistently to produce on an 
economic basis seamless pipe from 
rimmed steel by the Manassmen process. 
Further, if we were able to produce seam- 
less pipe from rimmed steel, it would be 
necessary, in the case of bessemer steel, 
to modify the practice in order to achieve 
the beneficial results obtained from fine- 
grained deoxidation practice. 

Messrs. Howell and Hulings refer to 
the fabricating characteristics of besse- 
mer seamless and state that the material 
may be satisfactorily welded, bent, Van 
Stoned and swaged. We have also ob- 
served the fabrication of bessemer seam- 
less pipe in many fabricating shops 
throughout the country and have found 
the material to be satisfactory. Further, 
a large amount of bessemer seamless 
pipe has been successfully used in the 
construction of gas and oil transmission 
lines and for casing and tubing in oil 
wells. The fabricating characteristics of 
bessemer seamless pipe have been found 
to be similar to open-hearth steel. Ex- 
perience has indicated that the material 
may be used to replace open-hearth 
seamless pipe in many standard speci- 
fications including A.S.T.M. Specifications 
A 53 and A 120, API Specifications 5 L, 
5 LX, and 5 A and is, therefore, suitable 
for a wide range of applications. 

Mr. R. C. (by letter).— 
The authors have attempted the very 
difficult task of describing small differ- 
ences in weldability in terms of well- 


Senior Engineer, Westport Power Production Sta- 
tion, Consolidated Gas Electric Light and Power Co., 
Baltimore, Md. 
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known mechanical and metallurgical! 
tests, along with less well-known crack- 
ing tests. As is usually the case, the 
cracking tests appear to be more de- 
finitive than do the standard tests. The 
real question of weldability seems to be 
more adequately defined in terms of 
such cracking tests as were employed in 
the present work. 

The differences in hardenability be- 
tween the coarse and fine-grain open- 
hearth and the fine-grain killed bessemer, 
as demonstrated on the hardenability 
chart of Fig. 1, are quite pronounced 
but it must be recognized that this chart 
is a single line or average properties 
chart, whereas the actual values no doubt 
show considerable overlap in hardness 
from specimen to specimen. The develop- 
ment of such charts in practical tests to 
determine weldability have been found 
very difficult, and in steels of relatively 
low hardenability the differences are 
often too small to be adequately demon- 
strated by such tests. The use of a }-in. 
diameter Jominy bar instead of the 
standard 1-in. diameter bar should make 
the test more discriminating in these 
low-hardenability steels. Figure 1 shows 
the average properties of a number of 
tests, and the average values do illustrate 
the relatively slight differences in hard- 
enability that exist. 

It is interesting to note that the impact 
tests over a range of temperatures show 
very little difference between the open- 
hearth and bessemer steels, whereas the 
microstructural differences noted in the 
heat-affected zones and fusion lines are 
considerably different. This may be due 
to the difficulty in accurately locating 
the notch in the impact specimens. 

The authors have stated that under- 
bead cracking was probably due to the 
use of an E 6010 type electrode, as well 
as the differences in hardenability, and 
that cracking would probably be avoided 
with all steels tested if a re 
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electrode were used. This is no doubt 
true; but it is also true that for field 
welding, or for welding in the horizontal 
fixed position where the electrode must 
be manipulated in all welding positions, 
the low-hydrogen electrode is still ex- 
tremely difficult to handle, and pipe 
welding, perforce, must be done with the 
10 type electrode coating. Thus, the 
hardenability of the pipe material to be 
welded is still of concern to the users of 
pipe materials. Welding procedures 
which are designed to produce first 
quality welds are not always followed in 
all details and apparently minor devia- 
tions in hardenable materials can some- 
times produce disastrous results. Such 
minor procedure deviations often go 
completely unnoticed unless trouble de- 
velops therefrom. For this reason where 
a choice is possible on the basis of weld 
hardenability, a material of lesser hard- 
enability is the best choice. 

The authors are to be commended on 
a concise presentation of useful informa- 
tion on the properties of some com- 
monly-used pipe materials. This work 
indicates better welding qualities for 
the deoxidized bessemer steels. It should 
be borne in mind, however, that a choice 
of materials may not be predicated on 
weldability alone and that cracking pro- 
pensity of some steels may be overcome 
by the proper employment of welding 
preheat and postheat, whether or not 
such measures are required by code pro- 
cedures. 

Messrs. WILDER, KENNEDY, AND 
Croucn (authors).—The variations in 
hardenability properties discussed by 
R. C. Fitzgerald for any one type of 
steel were very small and did not fall 
within the range of the other steels. The 
reason for presenting a curve of the 
average properties was to simplify an 
interpretation of the hardenability re- 
sults. With reference to the }3-in. 
diameter Jominy bar, it is our opinion 


that the cooling rate is greater com- 
pared with a 1-in. diameter bar. This 
we believe is due in part to the fact 
that the effect of air cooling is greater 
in the }-in. diameter bar. 

It is difficult to determine accurately 
the impact properties of the over-heated 
zone in girth welds. Several methods of 
evaluating these properties have been 
employed in an effort to overcome the 
objections. However, the simplest and 
perhaps the most practical method, at 
the present time, appears to be that 
employed by the authors. Structural 
differences were observed in the several 
types of steel. Some of these differences 
are due to carbon content and deoxida- 
tion practice. Except in the unaffected 
base metal of the silicon-killed open- 
hearth steel at low temperature, we do 
not believe the differences in impact 
results observed are significant. The 
impact properties of the heat-affected 
zone of the silicon-killed open-hearth 
steel indicate that the higher values 
obtained at the lower temperatures may 
be associated with the beneficial effects 
of heat treatment during welding. 

We are in agreement with Mr. Fitz- 
gerald regarding the use of a lime- 
coated electrode. In another investiga- 
tion with similar types of steels, we 
have found that underbead cracking 
may be prevented with a low-hydrogen 
electrode. However, satisfactory welds 
were more difficult to produce with this 
more expensive type of electrode. 

Mr. L. K. SrrincHam® (by letter).— 
My conclusions, as one whose principal 
interest is welding apparently differ 
somewhat from one whose principal 
interest is steel making. 

My conclusions from the paper are: 

(a) 0.15 per cent carbon steel is 
easier to weld under adverse conditions 
than 0.25 to 0.30 per cent carbon steel. 


“ Welding Engineer, Lincoln Electric Co., Cleveland, 
io. 
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(6) High phosphorus steel is reputed 
to have low impact values at low tem- 
peratures. However, the deoxidized 
acid-bessemer with 0.075 per cent phos- 
phorus has better impact properties at 
— 20 F. than the deoxidized basic open- 
hearth steels having a phosphorus con- 
tent of 0.017 per cent. 

(c) Years of experience in welding of 
joints has shown that the root bend 
test is the most difficult to pass. This 
paper bears this out in that the root 
bend specimens were stress relieved in 
order to pass the root bend test. 
Failure in the root bend test normally 
starts at the fusion zone which is fre- 
quently both a metallurgical and physi- 
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they should be added to those given ly 
the authors to a fine paper. 

Messrs. WILDER, KENNEDY, AND 
Croucn (authors).—We are in agree- 
ment with Mr. L. K. Stringham re- 
garding the bend test requirements of 
the A.S.M.E. Boiler Code. In order to 
meet the root bend test requirements, 
it was necessary in this investigation 
to stress relieve both the open-hearth 
and bessemer girth welds. This we 
understand is not always necessary in 
the pipe fabricating shop and depends 
upon the welding technique used and 
wall thickness of the material. 

After a satisfactory welding pro- 
cedure and operator qualifications have 


cal notch. For this discussion, a been established, it is important that ; 
metallurgical notch is defined asa notch sound welds with satisfactory penetra- 
produced by the difference in grain tion be consistently obtained. Bend , 
structure of the weld metal and the tests required by the A.S.M.E. Boiler ; 
heat-affected zone and the difference in Code rules do not always insure these 

tensile strength between that of the conditions. Further, the conditions of 
weld metal and that of the heat affected stress in pipe under operating conditions | 
zone. The physical notch is an actual are not necessarily the same in bot! ; 
change in section which frequently the transverse and longitudinal direc- 
occurs at the root of the weld. This tions, and because of this fact, the 
physical notch is particularly common _ tests of a girth weld may be evaluated , 
when making the root pass without a in a different manner than longitudinal! | 
backup strip. Therefore, the root bend welds. It would be desirable and help- | 
test is logically the one which is the ul for all concerned if a study were | 
most troublesome. It should be elimi- ™4de in the various pipe fabricating i 
nated, not because it is difficult to pass shops throughout the country of the | 
but because it is an unjust test. Who 8 — testing procedure for ¢ 
cares whether the root of a pipe joint 
will bend. It is not called on to bend. Meee? reference - Mr. Stringham's i 

would like to offer the following com- 
joint will remain intact under service w I 
ts er : ; ments: We feel that the bessemer steel, d 
- conditions. This will be determined by is) its lower carbon content, was | 
the toughness of the joint. _ .. similar and not superior to the open- : 
The impact values of this paper indi- hearth steel, with respect to the 
cate that the heat-affected zone is the A4.S$.M.E. Boiler Code welding tests I 
point of greatest toughness, the weld and our weld bead flattening tests. k 
metal next, and the parent metal the However, with reference to the weld a 
zone of least toughness. bead hardness tests, cracking suscepti-|) 
None of the above conclusions are bility tests, microstructure, and harden- ' 
mentioned by the authors. I believe ny the bessemer material had more d 
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favorable properties due essentially to 
its lower carbon content. Considering 
the impact properties, the deoxidized 
acid-bessemer steel was similar to 
the silicon-aluminum-killed open-hearth 
steel and both of these steels were su- 
perior at low temperatures to the 
silicon-killed open-hearth steel. This 
difference is not associated with steel- 
making process but more precisely with 
the method of deoxidizing the steels. 
The deoxidized acid-bessemer and sili- 
con-aluminum-killed open-hearth steels 
were made to fine grained deoxidation 
practice, while the silicon-killed open- 
hearth steel was made to _ coarse 
grained practice. 

Considering the phosphorus content 
of deoxidized acid-bessemer steel, in 
order to encounter brittleness due to 
phosphorus, it is, in our opinion, 
necessary to have much higher phos- 
phorus contents than are permitted in 
present A.S.T.M. specifications for bes- 
semer seamless pipe. This whole matter 
of brittleness due to phosphorus in 
bessemer steel is in many respects a 
misconception of the actual cause of 
brittleness in these steels. Mr. String- 
ham is correct in pointing out that high 
phosphorus steel is reputed to have low 
impact values at low temperatures. 
However, the actual cause of the de- 
crease in toughness may be more pre- 
cisely explained upon the basis of the 
deoxidation practice used. If bessemer 
steel containing up to 0.11 per cent 
phosphorus is manufactured by the 
deoxidized acid-bessemer process and 
properly killed with aluminum, the 
material will have impact properties 
similar to regular open-hearth steel. 
However, if a rimmed, capped, or semi- 
killed steel-making practice, which is 
commonly used in the manufacture of 
regular acid-bessemer steel by the 
bottom blowing practice is used, a 
decrease in toughness may be en- 


countered at low temperatures com- 
pared with similar open-hearth steels. 
This difference in toughness between 
the bessemer and open-hearth steels 
with similar deoxidation practices is 
due essentially to the fact that the 
steels were not thoroughly killed with 
aluminum or an equivalent type of 
material. 

Mr. D. H. Corey’ (by letter).—Is 
the process by which the deoxidized 
acid-bessemer steel is made inherently 
such that the carbon content is always 
relatively low, that is, in the neighbor- 
hood of 0.15 per cent, as reported in 
the paper, or may it approach the car- 
bon limitation for A.S.T.M. Specifica- 
tions A 53 grade B pipe? If the latter 
is the case, how would you expect the 
physical properties of 0.25 per cent 
carbon acid-bessemer pipe, particularly 
the hardenability and tendency toward 
underbead cracking, to compare with 
open-hearth pipe of similar carbon 
content? 

Messrs. WILDER, KENNEDY, AND 
Croucu (authors).—D. H. Corey raises 
the question regarding the carbon 
content of A.S.T.M. Specifications A 53 
grade B bessemer seamless pipe. The 
average carbon content of grade B 
bessemer seamless pipe is 0.15 per cent 
carbon and grade B open-hearth seam- 
less pipe 0.25 per cent carbon. The 
reason for this difference is that 
A.S.T.M. Specifications A 53 require- 
ments can be met with the lower carbon 
bessemer steel because of its phosphorus 
content. Apparently hardenability and 
underbead cracking are more closely 
related to carbon content than phos- 
phorus content within the limits 
studied. This is one of the inherent 
advantages of bessemer seamless pipe. 

In answer to Mr. Corey’s question 
regarding the properties of bessemer 
seamless pipe with 0.25 per cent carbon, 


7 Detroit Edison Co., Detroit, Mich. 
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we would expect the hardenability and 
cracking susceptibility to be greater 
than open-hearth steel with a similar 
content, but the tensile properties, 
particularly the yield strength, would 
be too high for use under A.S.T.M. 
Specifications A 53. In other words, 
the bessemer product would not be 
similar to the open-hearth product. The 
physical properties of the two materials 
should be similar, particularly for fab- 
rication purposes. Although A.S.T.M. 
Specifications A 53 grade B bessemer 
seamless has lower hardenability and 
less cracking susceptibility compared 
with the open-hearth grade, we do not 
wish to imply at this time that weld- 
ability during fabrication is appreciably 
different. 

Mr. JEROME J. KANTER.—Mr. Wilder 
and his co-authors have based their 
comparison upon grade B pipe, which 
is, of course, a pertinent one from two 
standpoints: one, that grade B is the 
limitation placed upon the bessemer 
seamless pipe under A.S.T.M. Speci- 
fications A 53 and the second point, I 
imagine, would be that in the field of 
design problems where one must use 
grade B pipe, the considerations which 
he has developed are the pertinent ones. 

Thus we have open-hearth pipe at the 
0.25 per cent carbon level compared 


- * Materials Research Engineer, Crane Co., Chicago, 


with the bessemer pipe at the 0.14 per 
cent carbon level, and it is not surprising 
that in such comparison the hardena- 
bility of the open-hearth steel would 
show up as greater than the hardena- 
bility of bessemer steel. However, in the 
case of open-hearth pipe, one has the 
alternative of using grade A, and pre- 
sumably grade A pipe might be obtained 
at the 0.14 per cent carbon level also, 
so the designer who chooses to use open- 
hearth pipe has the alternative of de- 
signing either with grade A or grade B. 

In view of that alternative, I feel that 
the engineering value of the comparison 
would be greatly enhanced if the studies 
were extended to cover the welding 
properties of grade A open-hearth pipe. 
That would mean selecting some heats 
of open-hearth pipe in the lower carbon 
range and also developing their proper- 
ties. 

Messrs. WILDER, KENNEDY AND 
Croucn (authors)—Mr. Kanter has 
suggested grade B bessemer and open- 
hearth seamless pipe be compared with 
grade A open-hearth seamless pipe. This 
would, as Mr. Kanter points out, en- 
hance the engineering value of the com- 
parison, as under certain conditions the 
designer may choose to use grade A 
material which is only made from open- 
hearth steel. We plan to develop addi- 
tional information concerning grade A 
seamless pipe and wish to express our 
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WELDS BETWEEN DISSIMILAR 


. 


ALLOYS IN FULL-SIZE 


STEAM PIPING* 


By . Biaser,! F. 


EBERLE,! 


AND J. T. 


TUCKER, JrR.' 


Factors ai ies the safe operation of ferritic-austenitic weld joints in 
_ large-size steam piping were studied by means of a simulated proof test. 


The specimen consisted of a 103-in. diameter section of 2} Cr- 


1 Mo? steam 


_ piping welded to suitably designed and dimensioned end pieces of 18 Cr-8 Ni 
Cb wrought and 16 Cr-13 Ni-2 Mo Cb cast materials, using 19 Cr-9 Ni Cb 


welding electrodes. 


Cracks were detected by radiographic means in the 2} Cr-1 
| 


_ Mo pipe at the edge of the weld joint after 4631 hr. at 1100 F. and 1500 psi. 
_ pressure, involving 47 week-end shutdowns to atmospheric conditions. 
Metallurgical examination showed that the principal factors contributing 
to the failure were stresses up to yield strength due to differences in thermal 
expansion of the ferritic and austenitic materials, accelerated creep, inter- 
granular stress-oxidation and weakening of the ferritic metal adjacent to the 
fusion zone due to carbon migration into the austenitic weld metal. 


The general trend in modern steam 
plants is toward increased pressures and 
higher temperatures which, in turn, re- 
quire thicker sections in piping, valves 
and structural members where strength 
is a major consideration. In order to 
minimize resulting fabrication difficul- 
ties, weight, and materials of 
greater load-carrying ability at elevated 
temperatures are constantly being 
sought. This has led to the use of various 
austenitic high chromium-nickel alloys 
which differ from the lower strength fer- 
ritic alloys in some important physical 
properties such as thermal conductivity, 
coefficient of expansion, modulus of elas- 
ticity, and others. 


costs, 


*Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

1 Chief, Engineering Physics Section, Chief Metallur- 
gical Engineer, and Senior Test Engineer, respectively, 
Research and Dev elopment Dept., The Babcock & Wilcox 
Co., Alliance, Ohio. 

224 per cent chromium, 1 per cent molybdenum alloy 
steel; additional elements are indicated by the chemical 
symbols Cb, Ti, etc, 

- 


The joining of such dissimilar austen- 
itic and ferritic alloys presents impor- 
tant design and fabrication problems. 
Mechanical joints for high temperatures 
and pressures are large and cumbersome 
and have inherent difficulties such as 
stud relaxation and gasket leakage. 
Welded joints are therefore desirable but 
offer other problems due to differences in 
the physical and metallurgical charac- 
teristics of the ferritic and austenitic ma- 
terials. 

The difference in the high-temperature 
load-carrying ability of the two types of 
materials calls for different thicknesses 
and special design considerations. The 
differences in thermal conductivity and 
in the coefficient of expansion set up 
stresses at the joint which can be of 
considerable magnitude and which be- 
come of great importance if the operation 
includes a large number of shutdowns or 
cycles of temperature and pressure. 
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Microstructural changes during exposure 
at elevated temperatures may also have 
a deleterious effect upon the weld joint 
properties. 


PuRPOSE OF TESTS 


In order to explore the effect of some 
of the factors which may affect the safety 


16-13-2Cb. 
Cast 


BLASER, AND TUCKER 


1500 psi. internal pressure with periodic 
shutdowns as described subsequently. 

Test SPECIMEN 
The test specimen which is shown in 
Fig. 1 represents the steam piping used 
on many installations. The three bas« 
materials employed were 18 Cr-8 Ni Cb, 
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TABLE I.—CHEMICAL AN ALY SIS OF M. ATERIALS. 


Fig. 1.—Design of Test Specimen. 


Chemical Analysis, per cent 


year ie: «§ F . 
Cc 


1034 in. O.D. 134 in. 24 Cr-1 Mo piping 
heat No. 27375 
1034 in. O.D. ae 1.1 in. wall 18 Cr-8 Ni Cb piping | 


heat No. 16880 0.07 
1034 in. O.D. by 1.1 in. wall 16 Cr-13 Ni-2 MoCb 

casting heat No. 2638 0.10 
Weld — 18 Cr-8 Ni Cb to 24% Cr-1 Mo weld | 

juncti 0.07 
Weld 16 Cr - 13 Ni-2 Mo Cb to2%4 Cr-1 Mo 

weld junction 0.07 
Internal tube, 4 in. O.D. by 0. 625 in. wall 16 Cr- 13 

Ni-3 Mo Cb 0.07 


| 0.12 0.46 | 0.35 


Mn | Si a Cr Ni Mo | Cb 


0.013 | 0.027 2.18 0.22 | 1.01 


1.69 | 0.48 | 0.012 | 0.019 | 17.99 12.46 0.10 0.96 
0.74 0.71 15.51 | 13.74 1.89 1.05 
| 1.87 0.71 | 0.028 | 0.010 | 19.17 | 10.32... | 0.88 
1.68 0.55 | 0.023 | 0.010 18.87 | 10.50 .... | 0.95 
1.56 0.52 0.011 | 0.017 | 17.26 | 14.80 | 2.25 | 0.70 


of ferritic-austenitic weld joints in steam 
piping, a full-size proof test was con- 
ducted. The test procedure involved 
maintaining the specimen at ; 1100 F. and 


2} Cr-1 Mo; anda cast material of 16 Cr- 
13 Ni-2 Mo Cb. This latter materia! 


was included because of its frequent use 


for large steam valves. The pipe thick 
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nesses were chosen to give working 
stresses in the circumferential direction 
of 3900 psi. for the 2} Cr-1 Mo, and 
6600 psi. for both the 18 Cr-8 Ni Cb 
and the 16 Cr-13 Ni-2 Mo Cb cast ma- 
terial. The resultant thicknesses were 1} 
n. for the 2} Cr-1 Mo center section 
and 1.10 in. for the stainless sections. 
The chemical composition of the ma- 
terials involved is given in Table I, and 
their thermal history is described in 
Table IT. 

A central tube shown in Fig. 1 was 
made of columbium stabilized 16 Cr-13 
Ni-3 Mo material and contained an in- 


TABLE II.—THERMAL HISTORY OF MATERIALS. 


10 34 in. O.D. by 134 in 
wall 244 Cr-1 Mo pip- 
ing Heated slowly to 1500-1525 F., 
held for 12 hr. and slowly 
cooled in furnace to 600 F. 
10% in. O.D. by 1.1 in. 
wall 18 Cr-8 Ni 
Annealed at 2100 F., air 
cooled, reheated to 1750 F., 
held for 1 hr. and air cooled. 
1034 in. O.D. by 1.1 in. | 
wall, 16Cr-13Ni-2Mo | 
Cb cast piping Annealed for 10 hr. at 1904- 
1994 F., air cooled to 750 F., 
reheated to 1560-1650 F , 
held for 10 hr. and furnace 
cooled to 500 F 


ternal electric heating element. This per- 
mitted the pipe to be heated from the 
inside, thereby simulating operating con- 
ditions. A spacer was tack-welded into 
place to center the internal tube for best 
heat distribution to the specimen. Two 
stub connections of 25 in. pipe size were 
provided for contemplated steam cooling 
in a second phase of the program. A third 
phase was a water quench through these 
same connections. It was for this water- 
quench test that a thin sheet-metal cone 
was welded at the closed end of the in- 
ternal tube to prevent extreme thermal 
shock on this piece. 

Electrodes used in making the test 
welds were of 19 Cr-9 Ni Cb composi- 
tion. The weld groove design is shown in 
Fig. 1. The 2} Cr-1 Mo backing ring 
was tack-welded in place and the weld 
sompleted with nine of w eld metal, 
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using $-in. and 35-in. diameter electrodes. 
The total number of beads in each weld 
was about sixteen. The sections being 
joined were held at a minimum tempera- 
ture of 400 F. during the welding. No 
post-weld treatment was applied. The 
welds were ground to a smooth contour 
and radiographed. 


Test APPARATUS AND INSTRUMENTATION 


Figure 2 shows the apparatus used in 
testing the specimen. In the background 
is a small, vertical electric boiler which 
supplies the steam and pressure for the 
specimen. This boiler consisted of a sec- 
tion of pipe around which electric re- 
sistance heating coils were wound; insu- 
lating material and an outer jacket 
completed the assembly. This steam- 
pressure system was equipped with a 
safety valve, gage glass for water level 
observation, pressure gages, and various 
vents and drain valves. The pressure 
was maintained at 1500 psi. by the Bris- 
tol pressure controller shown on the in- 
strument panel. 

The test temperature was obtained 
with a 15-kw. electric heating unit in- 
serted into the inner tube of the speci- 
men and was controlled by a thermo- 
couple at the heater in conjunction with 
the Leeds & Northrup controller-recorder 
shown on the panel board. Temperatures 
were measured at various locations along 
the specimen, as well as in the heater 
itself. 

Figure 3 is a top view of the specimen 
in its removable insulated guard and 
shows the baffle plates which prevented 
large convection currents in the 1-in. 
space between the guard and the speci- 
men. Aluminum foil was used around the 
bottom half of the specimen and on the 
lower internal surface of the guard. These 
provisions gave a temperature gradient 
at the welds no greater than 10 F. over 
a 5-in. band containing the weld and no 
greater than 2 F. over a 2-in. band con- 
taining the weld. Circumferential tem- 
perature differences were within 4 F. 
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The insulated guard was hinged and 
constructed in the manner shown so that 
it could be removed following each shut- 
down to permit close inspection. The 
complete assembly was surrounded by 
blasting mats as a safety precaution. 
TEsT PROCEDURE 
The procedure followed was to keep 
the specimen at 1100 F. and 1500 psi. 
pressure 24 hr. a day during the week. 
On Saturday mornings the heater was 
turned off and the pressure vented to 
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pressure. These heating-and-cooling 
cycles took about 7 hr. each as shown in 
Fig. 4. On every fourth shutdown a radio- 
graphic inspection with a radium capsule 
was also used. 

Test RESULTS 
After a total time at temperature of 
4631 hr., defects were detected by radio- 
graphic observation at the locations 
shown in Fig. 1. Several positions of the 
radium capsule were used to determine 
the location of the cracks. 
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Fic. 4.—Heating and Cooling Cycles. 


the atmosphere. The top blasting mat 
was then lifted and the insulated guard 
removed from the specimen so that more 
rapid cooling would occur. On Monday 
mornings the weld junctions were given 
a careful examination which included 
both, visual inspection and the use of 
fluorescent liquid technique. Following 
this, the guard was replaced and another 
heating cycle begun. The steam pressure 
irom the boiler was not connected to the 
specimen until the latter had reached 
saturation temperature for the boiler 


The test life of the specimen included 
47 complete temperature and _ pressure 
cycles as described. In addition, several 
partial or complete temperature or pres- 
sure cycles occurred because of failures 
of the auxiliaries. 

These unintentional shutdowns re- 
sulted in pressure or temperature gradi- 
ents in no case more severe than the 
regular cycles. 

The fluorescent liquid — technique 
picked up the crack only after the sur- 
face oxide at the weld metal junction was 
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completely removed. This was not done 
completely during each weekly cycle in 
order to avoid the formation of a me- 
chanical surface notch by ‘the localized 
grinding operation. 


METALLURGICAL EXAMINATION 


The two austenitic-ferritic weld junc- 
tions were subsequently cut out and sec- 
tioned across the weld into a number of 
slices to determine the location, mode, 
and magnitude of the failure. Figure 5 
presents the layout of these test sections 


Strain Gage 
Measurements 


0.505" Tensile 


Specimens = 
= = 


(a) 16Cr-13Ni-2Mo Cb to 2}Cr-1Mo 


and indicates the extent and depth of 
cracking found upon examination of the 
finely ground surfaces. Photographs of 
the latter are shown in Figs. 6 to 8. 
Cracking was evidently initiated on the 
outside surface of the 2} Cr-1 Mo pipe 
close to the interface with the 19 Cr-9 
Ni Cb weld metal and propagated in- 
wardly, following the fusion zone closely. 
Cracking was not continuous along the 
circumference of the pipe joint: There 
were only two zones in the 16 Cr-13 Ni-2 
Mo Cb weld joint where failure occurred, 


: 4, one extending from about location 1 to 
hc; location 4 along a circumferential dis- 
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Numbers Indicate 18 | 
Sections Removed 19 20 
for Metallurgical 
Examination 


Fic. 5.—Sketches of Location, Extent and Depth of Cracking in Weld Joints. 


tance of approximately 3 in., and th 
second, about 1} to 2 in. long, from lo 
cation 6 to location 8 (Fig. 5a). The tw: 
zones of cracking were about 3 in. apart 
and were located on the same half of the 
pipe circumference. The maximum crack 
penetration in the longer zone was 3 in. 
and in the shorter zone { in. A sample 
taken from the latter was opened so as 
to expose the fracture surface which was 
oxidized and presented a scalloped ap- 
pearance reflecting the weld bead con- 
tours (Fig. 9). 


(b) 18Cr-8Ni Cb to 2}Cr-1Mo 


The 18 Cr-8 Ni Cb to 2} Cr-1 Mo 
joint was more uniformly, but less se- 
verely, affected. There were six separate 
zones of cracking along the pipe joint 
circumference, as indicated in Fig. 5(0). 
Crack penetration was uniformly shal- 
low, ranging from 35 to ;°g in. 

Microscopic examination of various 
samples removed from cracked and 


crack-free sections of the two dissimilar 
weld joints confirmed that cracking was 
initiated in the 2} Cr-1 Mo pipe surface 
close to and adjacent to the weld meta! 
interface. During the high-temperature 
part of the temperature cycle, the 
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Fig. 6.—Cross-Sections of 16Cr-13Ni-2Mo Cb (right) to 2}Cr-1 Mo (left) Weld Joint , Showing 


Oecurrence and Extent of Cracking in 2{Cr-1Mo Pipe. 
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Wel 
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(left) 


Fig. 8.—Section Through 16Cr-13Ni-2Mo Cb to 2}Cr-1Mo Weld Joint Between Locations 7 
and 8 (X20). 


Surface micropolished and etched with alkaline sodium chromate to reveal dissolved oxygen in cracked zone. 


2}Cr-1Mo material scaled readily and 
formed an abrupt step-like change from 
the 19 Cr-9 Ni Cb weld metal surface to 
the 2} Cr-1 Mo pipe surface (Fig. 10). 
This abrupt change undoubtedly pro- 
moted stress concentration and concomi- 
tant accelerated localized oxidation of 
the 2} Cr-1 Mo material, leading to the 
development of an oxide notch at the 
highly stressed weld junction. The for- 
mation of intergranular oxide notches in 
the 2} Cr-1 Mo pipe surface away from 
the weld where only operational and 
thermal stresses were effective was quite 
general and testified to the fact that at 
the given test temperature the oxida- 
tion resistance of the material began to 


rig. 9.—Fracture Surface of Sample Re- 


moved at Location 7 of 16Cr-13Ni-2Mo fall off (Fig. 11). : : 
Cb to 2}Cr-1Mo Weld Joint, Showing Under the combined influence of stress 


Weld Bead Contours. concentration and oxidation, the stress- 


| 
“J 
- 
7 
7 
: 
a 
| 
| | 
e 


1I9Cr SNi Cb 
Weld Metal 


Incipient 
Crack 
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Fic. 10.—Sections Through Crack Free (Top) and Cracked (Bottom) Weld Junctions, 
Showing Preferential Sealing of 2}Cr-1Mo Pipe Surface and Notch Formation 
at Weld Junction. 
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Alkaline Sodium Chromate Ktch Revealing Dissolved Oxygen (1000) 


Fie. 11.—Photomicrographs of 2}Cr-1Mo Pipe Surface 2 in. from Edge of Weld, Showing 
Incipient Intergranular Oxidation and Surface Notch Formation. 
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raising oxide notch which formed in the 
2} Cr-1 Mo pipe surface adjacent to the 
weld metal junction developed into a 
crack which propagated inwardly in an 
intercrystalline manner, always follow- 
ing the fusion zone at a close distance 
and frequently branching out in all direc- 
tions (Fig. 12). It is important to note 
that the cracks were entirely located in 
the 2} Cr-1 Mo base metal. Cracking 
seems to have been preceded by inter- 
granular oxidation, indicated by the pres- 
ence of dissolved oxygen and _ finely 
precipitated oxides in and at the grain 
boundaries surrounding the main and 
branch cracks (Figs. 13 and 14). The 
degree to which oxidation was involved 
in this failure is illustrated by Fig. 15 
which shows the microstructure of the 
polished and etched fracture surface at 
location 7 of the 16 Cr-13 Ni-2 Mo Cb 
weld joint. Evidently, the extent of oxi- 
dation was much greater in the plane 
perpendicular to the pipe axis than in 
the plane parallel to the latter. It is 
fairly obvious that a very significant part 
of the sound metal in the most highly 
stressed narrow zone adjacent to the weld 
junction has been converted into brittle 
oxide, reducing its effective cross-section. 

A study of the microstructure of the 
affected region indicated that some car- 
bon depletion had occurred. The photo- 
micrographs presented in Fig. 16 show 
that much of the carbide clearly visible 
in the weld-unaffected 2} Cr- 1 Moparent 
metal has disappeared in the zone con- 
taining the crack, leaving the molyb- 
denum-containing intracrystalline pre- 
cipitate behind which forms at 
temperatures in the vicinity of that used 
in the present test. Carbon seems to have 
concentrated in the fusion zone, and 
there is also evidence that some of this 
carbon has diffused into the 19 Cr-9 Ni 
Cb weld metal (Fig. 17). These observa- 
tions were confirmed by the results of a 
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microhardness survey of the weld junc- 
tion, which showed a dip in hardness in 
the 2} Cr-1 Mo pipe metal adjacent to 
the fusion line, a steep hardness rise in 
the latter, and a notable hardness in- 
crease in the 19 Cr-9 Ni Cb weld metal 
adjacent to the junction line (Fig. 18). 

In order to obtain an indication of the 
effect of the described microstructural] 
changes upon the mechanical properties 
of the weld joint, transverse weld tension 
specimens were prepared from a crack- 
free section of the 16 Cr-13 Ni-2 Mo Cb 
to 2} Cr-1 Mo weld joint and tested at 
room temperature and at 1100 F. For 
comparison, another dissimilar weld was 
made with a 2} Cr-1 Mo forging and an 
18 Cr-8 Ni Cb forging and also tested at 
room temperature, but in the as-welded 
condition. The results of these test are 
shown in Table III. The comparison 
specimen, representing the as-welded 
condition, ruptured in the 18 Cr-8 Ni Cb 
base metal, probably due to the fact that 
the 2} Cr-1 Mo forging had not been 
annealed prior to the welding. However, 
it is interesting to note that in this test 
the weld-affected 2} Cr-1 Mo base metal 
displayed a remarkable strength. In con- 
trast to this observation, fracture in the 
specimens removed from the cycled test 
pipe occurred in all cases at yield and 
strength values far below those generally 
obtained and in a brittle manner. Sub- 
sequent microscopic examination re- 
vealed that failure took place at the same 
location at which the large pipe had 
developed cracks, that is, in the carbon- 
depleted zone adjacent to the 19 Cr-9 Ni 
Cb weld metal (Fig. 19). The path of 
the fracture was, in all cases, entirely 
transcrystalline. Etching with alkaline 
sodium chromate showed complete ab- 
sence of dissolved oxygen in the zone of 
rupture. No microstructural deteriora- 
tions other than carbon migration were 
noted. 


| | 
4 
| 
; 
| 


- 


21Cr-1Mo 


Unetched (1000) 


Intergranular Oxide Network in Most Highly Stressed Zone of 2}Cr-1Mo Pipe Adjacent to Fusion Interface (16Cr 13Ni- 


(100) 


Light Pieral E 


Mo 


9 


13 


Fic 


Joint) 


Ch to 24C'r-IMo Weld 


Nlo 


| | 802 BLASER, EBERLE, AND TUCKER 


Ox WeLps IN STEAM 


gen (White Areas) in and at 


Alkaline Sodium Chromate Etch (X 500) 


Adjacent to Weld Metal. 


Weld Metal 
Grain Boundaries of 2}Cr-1Mo Pipe 


~ 
= 
> 
© 
> 
~ 
~ 
= 
~ 
= 
= 
—_ 
= 
A 
~ 
= 
N 
a 
© 
~ 
of 
= 
— 
2 
2 
> 
= 


Alkaline Sodium Chromate Etch (100) 


14.- 


> 
“ae Pt 4 q 
| 


804 
Discussion 
A complete stress analysis of a dis- 
similar weld joint as described in this 
paper is quite involved and has not yet 
been completed. However, the presented 
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ential expansion of the ferritic and aus- 
tenitic materials. These stresses vary in 
magnitude with temperature changes 
and are at a maximum just after a major 
temperature change. 


15.—Polished and Etched Fracture Surface at Location 7 of 16Cr-13Ni-2Mo Cb to 2}Cr- 
1Mo Weld Joint, Showing Extent of Oxidation in Plane Perpendicular to Pipe Axis. 
Etched in Pieral (100). 


observations indicate that the following 
stress conditions existed: 

1. Residual stresses from the welding 
operation. 

2. Operational stresses (circumferen- 
tial and longitudinal) due to internal 
pressure. These stresses vary with pres- 
sure changes. 

3. Stresses resulting from the differ- 


4. Stresses resulting from differences 
in the thermal conductivities of the fer- 
ritic and austenitic materials. These 
stresses exist only during the heating- 
and-cooling cycles and disappear at 
stable operating and at atmospheric 
conditions. 

The combined stresses conceivably span 
a range of stresses of a magnitude larger 
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Fic. 16.—Carbide Structure of 2}Cr-1Mo Pipe Near Fusion Zone (Top) and in Weld- 
Unaffected Base Metal (Bottom). Etched in Picral (250). 
Note absence of Grain boundry Carbide in 2} Cr-1Mo metal adjacent to fusion line and carbide concentration in latter. 
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Hardness Knoop, 500 g. 


oncentration in Fusion Zone and Carbon Migration Along Grain Boundaries 


Into the Austenitic Weld Metal. Etched in Picral (500). 


== 


-——!9-9CB Weld —— 


T 


Croloy 


| 


2 Bottom of Weld 


4-9? 


T 
Center /30f Weld 


4Top of Weld 


> 
— — + — — 


Hardness Bhn 


+20 +40 +60 


Distance from Weld Fusion Line xl0~° in. 
Fic. 18.—Microhardness Survey of Weld Junction. - be 


806 


sa 
‘ee 
-320 
280 
i 
¢ 60 } } 
-60 
Se 


k-Free ae of 


Picral Etech (100) 


nsion Specimen Removed fre 
Cycling Test. 


Note that rupture occurred entirely in the 2} Cr-1 Mo metal adjacent to the fusion zone. 


# 
« 


Joint Afte 


‘'r-IMo Weld. 


=> 
- 
= 
= 
= 
= 
= 


r 


Room 
the 16Cr-13Ni-2Mo Cb to 2}¢ 


in 


iline Chromate Etech (100) 


Alk 


Path of Fracture 


I aM Prp! 
{ 
a 


808 


than the yield point stress at room tem- 
perature plus the limiting creep stress at 
operating temperature. Plastic deforma- 
tion can therefore take place both at 
room temperature and at the operating 


Yield Point, psi. 
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face, facilitates “intergranular oxygen in- 
filtration,” grain boundary oxidation, 
and subsequent cracking. The relative 
potency of the factors involved c. not 
be evaluated without further experi- 


_ TABLE Ill. —MECHAN] ICAL Ww ELD JOINT PROPERTIES. 


Tensile Strength, 


Elongation, per 
psi. 


cent’ 


Testep at Room Temperature 


Comparison 
Forging, 24 Cr-1 
Weld metal, 19 Cr-9 Ni Cb 
Forging, 18 Cr-8 Ni Cb 


| 


Ru tured in 18 Cr- 8 Ni which was by 
e weld 


16 Cr-13 Ni-2 Mo Cb to 244 Cr-1 Mo joint after cy- 
clic heating test: 


Pipe, 24 Cr-1 Mo 
Weld metal, 19 Cr-9 Ni Cb es 


46.600 | 1.3 
Ruptured in 24 Cr-1 Mo pipe ‘adjacent to weld metal 


| (1) | (2) 
1.3 3.3 


50 250 2.0 


Testep AT 1100 F. 


16 Cr-13 Ni-2 Mo Cb to 2 Cr-1 Mo joint after cy- 
clic heating test: 
Weld metal, 19 Cr-9 Ni Cb ee 
Casting, 16 Cr-13 Ni-2 Mo Cb .................. 


20 500 26 300 2.0 


Ruptured in 24 Cr-1 Mo pipe adjacent to weld metal 


e @ Elongation values were determined for a 1.5-in. gage length (from edge of weld metal to shoulder of specimen) for the 
24% Cr-1 Mo section and for a %4-in. gage length (from edge of weld metal to shoulder of specimen) for the 18 Cr-8 


Ni Cb and 16 Cr-13 Ni-2 Mo Cb materials, respectively. 


temperature end of the cycle. The de- 
structive action is aggravated by the 
fact that the two types of plastic defor- 
mation take place in opposite directions 
and undoubtedly occur in the weakest 
part of the joint, namely, in the narrow 
carbon depleted zone next to the weld 
junction. Stress concentration at the 
weld metal - pipe metal interface pro- 
motes the formation and inward propa- 
gation of an oxide notch in the less 
oxidation-resistant 2} Cr-1 Mo pipe sur- 


[See Joint Discussion, page 858] 


ments. Certain tests designed to shed 
light on this point are already under way. 
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During the past several years, outlet 


boilers has been increased to 1050 F. at 
pressures of 
temperatures might now be employed by 
designers if the metals-engineering were 
sufficiently advanced to permit. satis- 


CONSIDERATIONS IN THE JOINING OF DISSIMILAR 
FOR HIGH-TEMPERATURE HIGH-PRESSURE SERVICE* 


By O. R. CAaRPENTER!, N. C. Jessen’, J. L. OBerG', anp R. D. Wyte! 


SYNOPSIS 

This paper relates to the metallurgical factors, the performance, and fabri- 
cation of dissimilar metal joints as may be employed in high-pressure, high- 
temperature steam service. It has been recognized by those who have con- 
sidered or who have used this construction that expansion stresses existing 
between a ferritic material and an austenitic material might present some 
unknown problems in service. The expansion stress effects at dissimilar metal 
joints have led to the necessary consideration of other factors which were found 
to be present when a dissimilar metal weld is operating at high temperature, 
under high stresses in a cyclic manner. These are basically metallurgical ones. 
They are dependent upon the time, the temperature, and the combined 
stresses. Under some conditions, laboratory tests show that failure occurs in a 
carbon-depleted region of the heat-affected zone of the weld. Cyclic conditions, 
oxide penetration, and metallurgical or mechanical notches, as may occur under 
some operating or fabricating conditions, speed the time to failure. Failures of 
field welds of dissimilar metals under severe operating conditions are shown as 
examples. 

This work does not predict service life expectancy of dissimilar metal 
joints. Its object has been, first, to point out the potentiality of this type 
failure in service and, second, to find remedies which remove or lessen the 
possibility of failures in dissimilar metal welds in high-temperature service. 
Work is, therefore, reported on welding techniques and developments de- 
signed to accomplish this end. Stabilization of carbides in the ferritic materials 
has been studied and is reported in this paper. Fabrication procedures best 
adapted to reduce failure are also discussed. Finally, test results are given to 
show that these considerations do much to reduce the potentiality of service 


failures of joints between ferritic and austenitic materials. — Tre se 


temperature of central station 


over 2000 psi. Higher 


— the problem is more complex since not 


factory operation of metals in gas 


temperatures necessary to produce the 
required steam temperature. Advances 
in the use of metals for operation at 
high temperatures have been success- 
fully made in the gas turbine industry. 
However, where boilers are concerned, 
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materials, must carry internal pressure 
at the metal temperature, and, because 
of the large quantity of tubular material 
required, must be economical. 

The load-carrying characteristics of 
metals at high temperatures, together 
with the economics involved, generally 
dictate to the boiler designer the use of 
both austenitic and ferritic materials 
for the outlet components of steam 
generating units. These components are 
the superheater and often the main 
steam line to the turbine. Several years 
ago when boiler units having outlet 
steam temperatures of 1050 F. were 
being designed, the Babcock & Wilcox 
Co. began a study of the problems con- 
cerned with the joining of austenitic to 
ferritic materials when these junctions 
would be operating under the pressure 
and temperature conditions required 
for making 1050 F. steam. The prob- 
lem, in so far as the boiler unit design 
was concerned, related particularly to 
the superheater since these elements 
are located in gas temperatures ranging 
from 1900 to 2500 F. 

This temperature range allows the 
successful use of ferritic materials for a 
large part of the superheater section, 
but requires austenitic materials at the 
outlet side. A study was therefore begun 
in 1947 of the dissimilar metal welds at 
the junction of austenitic to ferritic tub- 
ing at the metal temperatures to be ex- 
pected when operating in the above gas 
temperatures. At the same time turbine 
and piping people were finding applica- 
tions where dissimilar metal junctions 
were required. While the work reported 
in this paper deals only with tubing 
and weld metal, it is believed that the 
results may also be applicable where 
piping is involved. 

The problem of joining austenitic 
to ferritic materials is not a particularly 
new one. There is considerable work 
reported in the literature. Recent work 
reported has given experience with 
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piping. Of particular note is that dealing 
with the main steam lines of a 1050 F. 
boiler reported by H. Weisberg (2).” 
A paper was given by W. C. Stewart and 
W. G. Schreitz (3) dealing with thermal _ 
shock testing of austenitic and ferritic 
piping. Both of these papers describe 
transition type welds between dissimilar 
materials. Stewart reports a tendency of 
the 25 Cr-20 Ni’ and the 19 Cr-9 Ni Cb 
welds, which joined austenitic to ferritic 
materials, to crack, the cracks appearing 
as fissures in the weld metal and re- 
vealed by oil-powder methods of in- 
spection. No other tendency toward 
failure was noted after thermal shock 
testing. 

The work reported here involves 
studies under accelerated conditions 
which are considerably more severe than 
are to be expected in service. In general, 
the test specimens were operated at 
service temperatures and pressures and 
with a superimposed mechanical or 
thermal shock added to the specimen. 
It had been our observation that while 
many reports of successful transition 
welds between dissimilar metals are 
available, none of these indicated serv- 
ice at the combined temperatures and 
pressures necessary for the high-tem- 
perature superheaters being considered. 
For example, in 1943 the Babcock & 
Wilcox Co. built a separately fired super- 
heater which operated at a steam tem- 
perature of 1400 F. and at a pressure of 
75 psi. This superheater contained tran- 
sition welds between 18 Cr, 8 Ni Cb 
tubes and 9 Cr-1 Mo tubing. Those welds 
have operated satisfactorily. Earlier ap- 
plications in boilers have been used but 
in all cases at lower steam temperatures 
and generally at lower pressures. 

The object of this investigation has 
not been to predict a service-life ex- 
pectancy of a weld between an austenitic 


2The boldface numbers in parentheses refer to the 
references appended to this paper, see p. 49. 

325 per cent chromium, 20 per cent nickel alloy steel; 
additional elements are indicated by the chemical symbols, 
Cb, Ti, etc. 
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and ferritic material operating at high 
temperatures and pressures. It has been 
to compare the high-temperature 
strength of austenitic and ferritic tubing 
with similar samples containing a butt 
weld joining austenitic to ferritic tubing. 
This comparison was made in a fatigue 
machine capable of testing full sections 
of superheater tubing when operating 
with internal pressure and at operating 
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and with certain procedures which may 
improve the life expectancy of the dis- 
similar metal joint. 

The factors which have been found 
to influence the service of these welds 
are, aside from the expansion stresses, 
basically metallurgical ones, such as 
carbon depletion in the heat-affected 
zone of the ferritic material, oxide 
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Fic. 1.—Rotating-Beam Fatigue Machine for Testing Tube Weld Specimens. 


temperatures by cyclic quench equip- 
ment, and by means of stress-rupture 
testing. 

These tests have not only demon- 
strated the effects of the differential 
expansion stresses but have shown ad- 
ditional factors which are significant in 
the life of joints forming transitions 
between dissimilar materials. This paper 
largely deals with a discussion of these 


terial, and often in the carbon-depleted 
ferrite region, micro-fissuring of welds, 
and accelerated creep at the line of 
fusion. 

Different weld metals are discussed 
and particularly the requirement of 
properly balancing the ferrite and aus- 
tenite in 19 Cr-9 Ni welds in order to 
avoid fissuring. The strength of certain 
weld metals in stress-rupture is given, 
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and finally certain modifications of 
technique are discussed which have 
been shown to increase the life under 
fatigue of transition welds between 
austenitic and ferritic materials. 
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Description of Rotating Beam Fatigue 
Machine: 


Figure 1 shows a diagrammatic sketch 


of the rotating-beam fatigue machine. 


This equipment accommodates tubular 
specimens up to 2.75 in. in diameter and 
30 in. in length. Its general construction 
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brated weighing arm. All bearings in 
the loading system are oilite coated 
with ‘‘Molykote” to reduce frictional 
errors. 

The machine is driven by a 2-hp. 
motor coupled through a variable-speed 
drive so as to provide a speed range of 
20 to 350 rpm. 

The specimen is heated by a drum- 
type furnace at the point of maximum 
load. Temperatures are measured and 
controlled by means of a radiation- 
type thermocouple and a suitable tem- 
perature recorder. Automatic controls 
are arranged to shut down the machine 
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employs the features of a_ standard 
machine of this type with special pro- 
vision for heating the specimen ex- 
ternally to any desired temperature and 
for maintaining an internal pressure at 
the inside of the specimen. 

The specimen is held between a driven 
shaft and an idling shaft by means of 
collets in such a manner that the as- 
sembly acts as a simple beam loaded 
at the one-third points. The idling 
assembly is arranged to slide, which 
eliminates all end-thrust due to bend- 
ing. The load is applied to the specimen 
through a main loading lever and cali- 


Load Calibration Specimen 
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.—Tube Weld Fatigue Test Specimens for Rotating Beam Fatigue Testing Machine. 


in the event of failure of the specimen. 
Pressures up to 4000 psi. may be applied 
to the inside of the specimen by means 
of the hollow collet drawbar on the 
idling end of the machine. The pres- 
surizing medium used is dry nitrogen. 
The number of cycles is measured by 
means of a reset counter on the driven 
shaft. 

The tests described were made of 
tubing having an outside diameter of 


5 in. and a wall thickness of } in. In 


order to produce maximum fiber stress 
in the heated area, the specimens were 


machined to a reduced outside diameter 


| 
30 J 
| 
| 


of 2.40 in. as shown in Fig. 2. The ends 
of the reduced diameter were carefully 
faded into the original to avoid stress 
raisers. 

The means of maintaining internal 
pressure is shown in Fig. 2. The pressure 
connection was brought out through 
the hollow drawbar for connection to 
the nitrogen source. 

The calibration of the machine was 
accomplished by means of a standard 
specimen shown in Fig. 2. Four chromel- 
alumel thermocouples were peened into 
a backing ring and welded into the 
specimen shown. This permitted a study 
of the inside tube temperature with 
the outside, as measured by the radia- 


tion thermocouple. The specimen was 
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men rotated showed a loading accuracy 
of +2 per cent. 


Types of Tests and Materials Tested in 
Fatigue: 


The fatigue tests described were run 
at temperatures and pressures which 
might be expected in the high-tempera- 
ture section of a superheater of a boiler 
designed to operate with a steam outlet 
temperature of 1050 F. and a pressure 
2000 psi. In addition to these 
conditions, a superimposed fiber stress 
was applied to the joint by means of 
the loading system of the machine in 
order to accelerate failure and to show 
comparative S-.V curves of varied pre- 
determined conditions. After a number 


of 


TABLE I—MATERIAL USED IN ROTATING BEAM FATIGUE TEST. 
Chemical Analysis, per cent 
Materia Physical F Mo- 
hysical Form car- | siti- | Chro- | Nick-| lyb- | Colum-| Sul- | 
bon | 84% | con | mium el | de- bium fur | a8 
nese | num | s 
18Cr-8Ni Cb............ _ Tubing” 0.08 | 1.52 | 0.31 | 18.55 | 11.36 | 0.06 | 0.86 0.016 | 0.013 
Croloy 24 Tubing” 0.13 | 0.44 | 0.48 | 2.18 0.87 0.016 | 0.016 
Tubing® 0.07 | 0.49 0.31 | 4.82 0.50 0.05 Ti | 0.016 0.016 
2SCr-20Ni ............. Weld Metal 0.22 | 2.10 |'0.45 | 25.23 21.14 0.029 | 0.011 
19Cr-9Ni Cb............ Weld Metal 0.09 | 1.62 | 0.53 | 19.96 | 9.78 | 1.06 
Croloy 2} low Carbon Weld Metal 0.05 0.57 | 0.49 | 2.40 | 0.08 | 0.88 | 0.017 | 0.017 


@ 24 in. outside by 0.500 in. minimum wall. 
machine at various 


by the radia- 
These tests indicated 


then run in the 
temperatures indicated 
tion thermocouple. 
that the radiation couple was accurate 
to within +10 deg. Fahr. 

A second specimen was made for 
calibrating the loading system of the 
machine. SR-4 type gages at- 
tached to the specimen as shown. Gages 
were also attached to the arms of the 
loading yoke. 

Stress readings were taken with the 
machine at rest and rotating as _ in- 
creasing loads were applied by means 
of the machine loading arm. In this 
manner, applied load was related to 


were 


of tests had been made to learn the 
machine characteristics and to estab- 
lish curves for unwelded tubing operat- 
ing under similar loads, a number of 
materials and combinations of materials, 
as given in Table I, were tested. Fifty- 
nine fatigue tests have been run. 

The preliminary tests on unwelded 
18 Cr-8 Ni Cb (type 347) tubing estab- 
lished the type of specimen suitable for 
this investigation. Original tests on 
welds between 18 Cr-8 Ni Cb and 2} Cr- 
1 Mo tubing showed the importance of 
weld design upon fatigue life. These 
early results also established a typical 
failure pattern. The fracture was found 
to follow the line of fusion of the weld 


fiber stress in the specimen. Comparison joining the austenitic to the ferritic 
of static loads to loads while the speci- tubing. A typical failure is shown in 


“FA 
; 
| 
| 
| 


Fig. 3. Subsequent tests were devoted 
to studies of the effect upon fatigue 
life and this type failure of welding 


A—18 Cr-8 Ni Cb 


B—19 Cr-9 Ni Cb Weld 7a 


(—Location of Fracture Shown Below 
D—2} Cr-1 Mo 


Fracture Surface at Point C 


Fic. 3.—Typical Fatigue Fracture of an 18 
Cr-8 Ni Cb-2} Cr-1 Mo Tubular Fatigue Speci- 
men. 
techniques, heat treatments employed, 
composition of the base metal and weld 


metals. 
Types of Weld Grooves Studied: pas 


Welding technique was found to be 
effective in varying the fatigue life. 
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Of particular note was the weld groove 
design. Figure 4 shows some of the 
weld grooves tested. It was found that 
any notches, as produced by backing 
rings or excess weld metal, may seriously 
impair the life of the weldment and, 
therefore, must be eliminated. The 
effect on fatigue life of the various 
designs shown in Fig. 4 is given in 
Table II. Different weld metals were 
tested. It was found from both fatigue 
and stress-rupture tests that in many 
of the respects being considered, 19 
Cr-9 Ni Cb weld metal was superior to 
25 Cr-20 Ni weld metal. 


The Effect of Post Weld Heat Treatment: 


After the first few dissimilar metal 
specimens failed and were examined 
metallographically, it was apparent that 
the phenomenon of carbon migration 
was one of the important factors in 
determining the mode of fracture. It was 
also clear that the use of a stress-reliev- 
ing heat treatment at 1350 F., common 
practice for many ferritic steels, ac- 
celerated the migration of carbon and 
thus lowered the fatigue strength of the 
joint. Tests were made on dissimilar 
metal welds ‘as-welded” and after a 
heat treatment which was conducive 
to carbon migration. The strength de- 
creased markedly after the heat treat- 
ment as shown in Table III. 

These results indicate the severe 
effect of heat treatment on the fatigue 
strength of the dissimilar metal weld. 
It also shows that after 168 hr. at 1150 
F. in the absence of applied stress, not 
enough migration has occurred to lower 
the strength of the weld appreciably. 
This substantiates the fact that stress 
accelerates carbon migration. 

On the basis of these tests and on 
other stress-relieving tests, it was recom- 
mended that dissimilar metal welds be 
placed in service in the “as-welded” 
condition since any post heat treatment 


lowered strength of the weld, and since 
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TABLE II.—F ATIGUE TEST DATA FOR SPECIMENS WITH DIFFERENT WELD DESIGNS. 


Test Tem- Internal Applied 


Heat Treatment® Pressure, Stress, 
eg. Fahr. i psi. | Failure 
: | 


89 573 
409 022 
116 469 


17 310 
.» F.C 568 097 


on 4 hr. 
hr. 


213 300 
240 361 


for 4 hr. 


@ See Fig. 4 for description of weld design. 
F.C. = furnace cooled. 


STANDARD WELD PREPARATION 


i8CR-8NI CB ihe.” 214CR-1MO 
10° 

re 45° 
2 SPECIAL TECHNIQUES 


ui 9! SHADED AREA CONSISTS OF 
4 


LOW CARBON- HIGH SILICON 
2V4CR-IMO WELD METAL 


LOW BON 2I4CR-IMO 
WROUGHT MATERIAL 


C-LOW CARBON -HIGH SILICON 
2!14CR-IMO WELD METAL 


1172" 


18CR-8NI CB 


— 


21\4CR- IMO 


2 14CR-IMO —2\/4CR- IMO 


Fic. 4.—Standard and Special Weld Techniques. 


815 
Sample® 
1350 
1330 
‘ 
ie gf 
: - ud 4 
214 CR- IMO Get 


816 


CARPENTER, JESSEN, 


service temperatures would generally 
_ produce adequate softening of the welded 
zone.* 


S-N Curves for Failure (Temperature and 
Pressure): 


A number of standard fatigue speci- 
mens as shown in Fig. 5 were tested in 
the ‘“‘as-welded” condition to develop 
stress versus cycles of stress reversal 


TABLE IL—EFFECT OF PRIOR HEAT TREAT- 
MENT ON FATIGUE STRENGTH OF DISSIMILAR 
METAL WELD 18 CR-8 NI CB—2} CR- 1 MO 
WELDED WITH 19 CR-9 NI CB. 


wT Test 


Tem- 


- | Stress 
sat Treatment 
psi. 


| Cycles 
to 


Failure 


As welded 17 300-1117 475 
1350 F. for 4 hr., F.C." 17310 89 573 
1350 F. for 24 hr., F.C.4...... 16900 24.477 
1150 F. for 168 hr., A.C’... 17420 109 000 


= Furnace cooled. 
= Air cooled. 


19 Cr-9Ni Cb or 
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It will be noted that the 1050 F. 
curve becomes asymptotic to the hori- 
zontal axis at approximately 16,000 psi. 
stress. The strength of the dissimilar 
metal weld is shown to be not greatly 
lower at 1050 F. than a weld between 
two 18 Cr-8 Ni Cb tubes operating at 
1050 F. 

Two types of failure occurred at 
1050 F. Specimens with high external 
fiber stresses failed through the 2} Cr 
tube normal to the applied stress. The 
failure started at the junction of the 
austenitic weld and ferritic tube. Speci- 
mens run at lower stresses and for 
longer times failed along the line of 
fusion of the weld in the carbon depleted 
zone. 

At 1150 F. the strength drops off and 
the endurance limit approaches 8000 
psi. The failures followed the line of 
fusion of the welds in the decarburized 
area. At this temperature all of the 


24 Cr-iMo 


Finish Machine ond 
Polish to 2.40" 


Fic. 5.—Standard Dimensions of Fatigue Specimen. 


curves (commonly called S-\ curves), 
for the failure of this dissimilar metal 
welded joint at 1050 F., and at 1150 F. 
Actually these points do not all fall on 
a curve but rather show a trend of 
results. For purposes of comparison, all 
tests were run with an internal pressure 
of 2000 psi. The curves for 1050 F. and 
1150 F. are shown in Figs. 6 and 7. 


i 


* See Appendix. 


points do not fall on a smooth curve, 
but rather show the general spread as 
might be expected at lower stresses. 
Since carbon migration was found 
to be an important factor in regulating 
fatigue strength, specimens were made 
joining 5 Cr-0.5 Mo Ti tubing to 18 
Cr-8 Ni Cb tubing with 19 Cr-9 Ni Cb 
weld metal. The results of these fatigue 
tests are shown in Table IV. Failures 


: 
n 
| 
| 18 Cr-8 Ni Cb | 
— 
+ 
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in these specimens all occurred away 
from the line of fusion and after a heat 
treatment designed to produce carbon 
migration. 
These results 
tanium-stabilized 


ti- 
base 


indicate that the 
Cr-0.5 Mo 


5 


30 000 
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Examination of Failed Fatigue Specimens: 

After each specimen failed it was 
carefully examined visually for evidence 
of defects which may have affected the 
fatigue strength and was then sectioned 
in order that the surface of the fracture 


~ 


++—— 


— 


4 18 Cr-8Ni Cb Tube 


I8Cr-8Ni Cb Welded to i8Cr-8Ni Cb With 25-20 
© I8Cr-8Ni Cb Welded to 2% Cr-! Mo With I9 Cr-9Ni Cb 


| 


LU 


100 


1000 000 


Cycles of Stress Reversal 


Fic. 6.—S-N Curve for T 


ubular Specimens at 1050 F. 


100 000 
Cycles 


Fic. 7.—S-N Curve for Dissimilar Metal Tubu 


1 000 000 
of Stress Reversal 


lar Specimen at 1150 F. 18 Cr-8 Ni Cb and 2} Cr- 


1 Mo Tubing Welding with 19 Cr-9 Ni Cb. 


TABLE IV.—FATIGUE TEST DATA ON 5 CR-0.5 


Sample Heat Treatment® 


As welded 
1350 F. for 24 hr., F.C. 
1350 F. for 24 hr., F.C. 


104... 
22 (2}Cr-1Mo to 18Cr-8Ni 
Cb) ; 1350 F. for 4 hr., F.C. 


MO TI—18 CR-8 NI CB SPECIMENS COMPARED TO 


A STANDARD WELD SPECIMEN OF 2} CR-1 MO—18 CR-8 NI CB WELDED WITH 19 CR-9 NI CB. 


Test Tem- 
rature, 
eg. Fahr. 


Internal 


Applied | 
Pressure, psi. 


Cycles to 
Stress, psi. 


Failure 


2000 
2000 
2000 


2000 


4015 084? 
4 237 590° 
1 638 306 


10 175 
10 525 
15 500 


15 400 437 906 


* F.C. = Furnace cooled. 

Did not break. 
materials will improve fatigue results. 
However, other factors may reduce the 
evaluation of these results, the most 
important of these being high-tempera- 
ture oxidation fatigue and lower high- 

., 


could be seen. On some specimens, the 
concentric rings such as are usually 
associated with fatigue failures could 
be seen. The point of initiation of the 
failure varied with different specimens. 
Some of the fractures started at the 


d 
10 000 | ll 
30 000 i 
i 
1150 
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root of the weld while others appeared 
to start at the outer surface at the 
junction of the weld metal and the 2} Cr 
tubing. Figure 8 shows a typical frac- 
tured specimen. Notice the strain lines 
on the surface of the tube. When this 
piece was sectioned the fracture ap- 
peared as shown. The weld bead contour 
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in order to reveal the mode and initia- 
tion point of the fracture. Certain addi- 
tional and pertinent factors were ob- 
served. Of importance was the oxidation 
fatigue cracking adjacent to the weld 
in the ferritic tubing. All of the specimens 
examined showed carbon migration ex- 
cepting those made up with titanium- 


Fic. 8. 


Specimen Surface and Fracture With the Concentric Circles Generally Representative of 


Fatigue Failure. 


was outlined by the fracture, and there 
were concentric rings which indicated 
that this failure propagated from the 
inside. In certain specimens, microscopic 
slag inclusions or porosity were shown 
on the fractured surface to be the point 
at which the failure originated. 

After a visual examination of the 
specimen, micro-examinations were made 


* 


stabilized tubing. The amount of carbon 
migration observed was found to be 
dependent upon the post-weld heat 
treatment, the length of time of the 
test, the test temperature, and the mag- 
nitude of the applied or combined 
stresses. Figure 9 illustrates typical 
cracks in the fatigue failures studied. 
Note the decarburization adjacent to the 
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fusion line of the austenitic weld. Figure 
10 illustrates oxidation fatigue cracking 
such as has been found at both the inside 
and outside, surface of the specimens 
studied. 


Fic. 9 


Stupies OF DisstMILAR JoINTs 


ie NOT UNDER PRESSURE 


STRESSES 
In some boiler designs, horizontal 
superheater sections are supported from 


.—Typical Cracks Which Have Occurred in Fatigue Specimens (X 100). 


FOR HiGH-PRESSURE SERVICE. 819 
the boiler wall by means of austenitic 
castings which may be welded to fer- 
ritic superheater tubes by means of 
austenitic weld metals. These cast sup- 
ports are usually unprotected from 


1! 


direct radiation from the gases in the 
boiler and are consequently often operat- 
ing at high temperatures at the exposed 
areas. The edge welded to the ferritic 
tube is under restraint due to the lower 
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ix 
i 


820 


tube temperature and its greater coeffi- 
cient of expansion. These lugs must 
withstand severe service conditions such 
as temperature fluctuations and possible 
vibrating forces. In general, the loads 
carried are conservative. Experience has 
shown, however, that under some condi- 
tions these lugs fail at the line of fusion 


at the tube. A short discussion of the 
mode of these failures is of interest. 
Several examples of superheater sup- 
port lug failures are shown in Fig. 11. 
Notice that the bead sequence is clearly 
seen and the failures resemble those 
produced by fatigue testing. Figure 12 
shows an incipient failure of a super- 
heater lug which has had 8 years service, 
and it also illustrates the oxidation 
fatigue effect due to the expansion 
stresses on the surface of the tube ad- 
jacent to the weld. 

The examination of these lug welds 
illustrates exactly the same microstruc- 
tural characteristics as shown in fatigue 
failures. The cracking usually followed 
the line of fusion of the weld through the 
low-carbon zone, and apparently was 
initiated at either the external junction 
of weld and tube or at the non-fused 
zone at the base of the lug. 
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Fic. 10.—Oxidation Fatigue Crack on Fatigue Specimen Adjacent to Weld (250). 


| 


Oxidation fatigue cracking 
higher magnification in Fig. 13 is of 
the same type as shown in laboratory 
fatigue tests. 

Although carbon migration is not 
too prominent, it may be observed in the 
failure shown in Fig. 14. his would 
possibly indicate that after a number 
of years of operation the carbon content 


of the decarburized zone may be re- 
placed by diffusion from the unaffected 
tube material. 


Laboratory Reproduction of Superheater 
Lug Failures: 


Specimens were prepared with stand- 
ard 25 Cr-12 Ni cast lugs welded on a 
2} Cr-1 Mo tube with 25 Cr-20 Ni 
electrode in one case and a special low- 
carbon 2} Cr-1 Mo electrode in the 
second. After about 15 quenches from 
1150 F. to 80 F., the lugs welded with 
25 Cr-20 Ni separated from the tube, 
whereas those welded with the low- 
carbon 2} Cr-1 Mo electrode showed no 
visible cracking even after 100 quenches. 
These specimens are shown in Figs. 15 
and 16. 

Another similar test with titanium- 
stabilized 5 Cr-0.5 Mo as the tube ma- 
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terial selected because of its resistance 
to carbide migration was run. A con- 
trol sample was also included with a 23 
Cr-1 Mo tube. Austenitic 25 Cr-12 Ni 
lugs were welded to the test tube with 
25 Cr-20 Ni. After 50 quenches from 
1150 F., the lug was partially separated 


{ bs Fic. 11.—Examples of Superheater Support Lugs Which Have Failed in Service. 


from the 2} Cr-1 Mo tube, but there 
was no evidence of failure of the lugs 
on the titanium-stabilized 5 Cr-0.5 Mo 
tube. This substantiates the results of 
previous mechanical fatigue tests show- 
ing that in the absence of carbon migra- 
tion there would be less likelihood of a 
failure in a dissimilar metal weld, other 
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factors such as oxidation fatigue and 
high-temperature strength being neg- 
lected. 

Another series of lug tests was made 
under conditions where quenching was 
done from the inside of a tubular speci- 
men. The specimen was heated ex- 


ternally and quenched from the inside. 
It is shown in Fig. 17. One-half of the 
lugs were attached to the tube with 
25 Cr-20 Ni weld metal, the other half 
with special low-carbon 2} Cr-1 Mo. 
After 388 cycles from 1120 F. (weld 
temperature) none of the welds was 
visibly affected. However, microscopic 
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Fic. 12. acpaaucind Fatigue Type Cracking Which Occurred Adjacent to a Support 


About 8 Years Service. 
§@ 


822 
(<4) 
| 
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examination revealed that the welds 


prepared with 25 Cr-20 Ni electrodes 


were cracked about half wav off the 


Fic. 13. 


tube, and those welded with low carbon 
2+ Cr-1 Mo showed no signs of cracking 
along the line of fusion. 

The low-carbon chromium weld re- 
tards carbon migration. It reduces the 
difference in the thermal expansion Co- 


On DisstMILtak METALS FOR HIGH-PRESSURE SERVICE 


Examples of Accelerated Oxidation Adjacent to Austenitic Welds (250). 
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efficients normally present at the junc- 
tion of the ferritic tube and an austenitic 
weld because of the dilution in the weld 


deposit. Figure 18 shows reduced carbon 
migration and no evidence of accelerated 
oxidation at the surface of the weld. 
This latter observation brings out the 
effect of expansion stresses in accelerat- 
ing oxidation fatigue cracking. 
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7 

= 


CARPENTER, JESSEN, OBERG 
’ , 


Fic. 14.—Carbon Migration in a Service Lug Failure. 


Fic. 15.—Photographs of Lug Weld Failure Produced by Thermal Cycling Tests in the 
Laboratory (X1). 
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Cyciic QUENCH UNDER PRESSURE 
TUBULAR SPECIMENS 
To study further the action in fatigue 
of dissimilar metal joints, a_ cyclic 
quench apparatus was built, shown 
schematically in Fig. 19. 


The test specimen is mounted in a 
gas-fired furnace with thermocouples 
welded to the outer surface of the tube 
to measure skin temperatures. A probe 
is inserted inside the tube to measure 
steam temperature. The cycle . con- 
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trolled by an electronic timer and is 
fully automatic providing the following 
sequence of operations: 
1. Fill the system with water. 
2. Close both inlet and outlet valves. 
Heat until the desired temperature 


Fic. 16.—Excellent Results on Lug Specimen 
Welded with Low Carbon 2} Cr-1 Mo Electrode 
After Identical Therma! Cycling Tests (1). 


is reached and the pressure regulat- 
ing valve opens. 

. Bleed steam through the pressure 
regulating valve until the desired 
steam temperature is obtained. 

5. Open inlet valve and quench system 
with high-pressure water from the 
hydraulic intensifier. 

. Open both valves and continue 
quench cycle to reduce specimen 
temperature to desired limit. 

. Close both valves and repeat (3), 
(4), (5), (6), and (7). 


The > quenching cycle may be initiated : 


q 
‘ 
i 
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by the skin temperature in the tube or 
the steam pressure, depending on the 
setting of the recording controllers. 
The duration of quench may be regulated 
by resetting the timer. 

In order to protect the operator from 
the possibility of explosion of the heated 
tube, the furnace is built of }-in. thick 


Fic. 17. 


steel plate, and the entire unit is operated 
behind a sheet steel screen. An emer- 
gency release is also provided to release 
pressure in the event that the timer 
fails to function. 

The specimen may consist of a single 
piece of tubing or it may be made up of 
tubing containing a circumferential butt 
weld. The specimens discussed in this 
investigation were made of 18 Cr-8 Ni 
Cb tubing welded to 2} Cr tubing using 
the same sizes and welding details de- 


OBERG, AND WYLIE 
scribed for the fatigue tests. Attach- 
ment to the exterior piping was made 
by ring welding. 

A number of specimens have been 
tested in this equipment, the results 
being given in Table V. The metal 
temperatures employed approximated 


that which might be expected in super- 


Specimen Design Used in Thermal Cycling Tests. 


heater application. The degree of quench 
is severe, but it will be observed that 
quenching always occurs with the sys- 
tem under pressure and that the tem- 
perature drop on the outside wall in 
the pressure quench portion of the cycle 
is not great. 

After control of the equipment was 
established, specimens ran for 107 to 
318 cycles before a crack was observed. 
The cracks generally followed the line 
of fusion of the ferritic side of the weld. 
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In addition, this type of test produced 
corrosion-fatigue cracking on the inside 


Carbon Migration at Junction 


Fic. 18. 
Between Low Carbon 2} Cr Weld and 


Some 


21 Cr Tube (X 100). 
Note that Surface Does Not Show Incipient Cracking 


shows a 
pressure 


of the specimens. Figure 20 
fusion zone crack from one 


quench specimen. In these specimens 

which were tested in an as-welded condi- 

tion little carbon migration was observed 
a result of the short time at tempera- 
re. It indicates that the differential 
pansion stresses will produce failure 
thout the presence of carbon migra- 
mn, especially where notches are pres- 
t to start a failure. 


WeLp METALS 


The quality of the weld metal has 
been found to bear considerable influence 
upon the time of failure, under the 
conditions described, of dissimilar meta] 
joints. The program of the Babcock & 
Wilcox Co. designed to study weld metal 
for this application is of interest and 
its findings bear importance in ex- 
tending the life of dissimilar welds by 
reducing fissuring, microscopic inclu- 
sions, and cracking. 

Austenitic weld metal has generally 
been the choice for welding dissimilar 
joints since the high tensile strength and 
ductility of the joints as welded makes 
them highly suitable. In addition, with 
proper welding procedure, undesirable di- 
lution can be eliminated and weldments 
produced which are highly ductile when 
tested at room temperature. When 

erating at high temperature, however, 

cause of expansion stresses of austen- 

ic welds in this application, other 
properties such as stress-rupture, creep, 
thermal and mechanical fatigue prop- 
erties and oxidation prove to be the 
criteria upon which serviceability of 
the joint is to be evaluated. 

In the study of weld metal properties 
with particular reference to dissimilar 
metal joints, it was realized that the use 
of ferritic weld metal might be a sound 
procedure if dilution and cracking prob- 
lems could be overcome. Consequently, 
studies reported here will give considera- 
tions concerning the effects of varia- 
tions of composition on the properties of 
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austenitic weld metals and test 
and compositions of suitable 
weld metals. 


results 


considerations which govern the quality 
ferritic 


of 25 Cr-20 Ni weld metal have been 
discussed in the literature (4) (5), and 


Specifications 
Steam Pressure 2500 psi., mox. 
Steam Temperature | 1050 F mox. 
Cycles per Hour 6 Cycles per hr. 


Temperature ~ Recorder 


Pressure 
Controller 


Regulotor 7 


Hydraulic 
intensifier 


Gas-Fired 
Furnace 


Fic. 19.--Cyclic Quench Apparatus for Testing Tube Weld Specimens at Operating Pressure and 


Temperature. 


TABLE V.—CYCLIC QUENCH TESTS UNDER PRESSURE. 


] 
Number 
of Cycles 


Approxi- 

| mate Tube 

Tempera- 

ture, deg. 
Fahr. 


Steam 
Tempera- 
ture, deg. 

Fahr. 


Tempera- 
ture Cycle, 
deg. Fahr. 


Specimen Material Pressure, 


psi. 


2} Cr-1 Mo to 18 Cr-8 Ni Cb 
Welded with 19 Cr-9 Ni Cb 
Electrode 

2} Cr-1 Mo to 18 Cr-8 Ni Cb 
Welded with 19 Cr-9 Ni Cb 
Electrode 

21 Cr-1 Mo to 18 Cr-8 Ni Cb 
Welded with 19 Cr-9 Ni Cb 
Electrode 

5 Cr-} Mo Ti to 18 Cr-8 Ni Cb 
Welded with 19 Cr-9 Ni Cb 
Electrode 

2} Cr-1 Mo to 18 Cr-8 Ni Cb 
Welded with 19 Cr-9 Ni Cb 
Electrode 

2} Cr-1 Mo to 18 Cr-8 Ni Cb 
Welded with 19 Cr-9 Ni Cb 
Electrode 


1190-500 


318 
1200-400 182 


206 


Austenitic Weld Metals: are today rather well established. The 


The large majority of welding of 
dissimilar materials with austenitic elec- 
trodes has been done in the past with 
25 Cr-20 Ni electrodes. Metallurgical 


maintenance of a proper carbon-silicon 
ratio, in conjunction with low sulfur 
and phosphorus values has proven an 
adequate assurance of sound weld metal 


¢ 
— 
Valve L di: 
Sgie 
= 
(S) 
850 1190 2000 
No. 2........ 1050 1200 2300 aa 
Ne. 8..... 1050 1110 2300 
No. 4... 1050 1300 2300 | 1300-480 107 
No. 5... 760 1050 2300 ee 100 
1050 1300 2750 venue 76 
No. 6... 720 1050 2300 100 
1050 1280 2730 ae 81 


sam fv 


(b) Showing Initiation of Crack at Higher Magnification (100). 


Fic. 20,—Crack in 1 First Cyclic Quench Specimen Showing 19 Cr-9 Ni Cb-2} Cr Junction. 
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q 


Si anos 85 0.48 0.62 
Specimen E-121 “O45 E-647 E-648 


1G, 21.—Tension Specimens Showing Effects of Carbon and Silicon Content on Ductility of Totally 
Austentic 19 Cr-9 Ni Weld Deposit. 


TABLE ellen OF CARBON AND SILICON ON THE PROPERTIES OF aaa AUSTENITIC 
9 CR-9 NI WELD METAL S IN THE “AS-WELDED” CONDITION 


Note Absence of Fissures in Higher Carbon Alloys. iy 


Chemical Analysis, per cent 


Fissures Microstructure” 


Strength, psi. | 
Elongation, 
Reduction of 

Area, per cent 


| per cent 


badly fissured -09)2. | fully austenitic 
sured | 
badly fissured 05/0. J fully austenitic 
none ‘ -012| fully austenitic 
very slight -17|2. fully austenitic 
slight \°- fully austenitic 


“SERRE 


As determined from A. L. Schaeffler’. ’s constitution diagram. 


; 
= 
: 
0.18 
0.70 
E-649 
| 
| psi. 
| E-121...| 54 000 | 70 
E-122. . .| 57 500 | 79 [ 
E-654.__| 38 58 
E-645...| 35 500 | 73 
E-646.__| 45 500 | 91 
E-647._ | 51.500 | 85 
E-648 40 
E-& 
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quality. Since the 25 Cr-20 Ni composi- 
tion is not considered as satisfactory for 
high - temperature high - stress applica- 
tions, as the 19 Cr-9 Ni Cb type of 
analysis, the variables which affect the 


0.17 
0.41 
Specimen... E-645 E-646 


Fic. 22 


0.18 
0.48 
E-647 
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contents. Table VI is a presentation of 
some of the test data of fully austenitic 
19 Cr-9 Ni weld metals. At carbon 


values of 0.10 per cent or below and 
silicon contents as low as 0.35 per cent, 


22.—Side (top) and Face (bottom) Bends of Weld Metals With Varying Carbon and Silicon 


Contents. 


weld metal properties in the 19 Cr-9 Ni 
type of alloys were investigated. 

The logical approach to this problem 
appeared to be a study of the fully 
austenitic 19 Cr-9 Ni type of weld 
deposits with varying carbon and silicon 


the mechanical properties of the weld 

metal are poor. Figures 21 and 22 

show the tensile and bend specimens of 

the weld metals listed in Table VI. As 

was the case in the investigation of the 

25 Cr-20 Ni alloys, fissuring results 
— 


| 


| 
é 4 
| 
; 
0.17 0.18 
0.62 0.70 
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from the presence of non-metallic inter- The addition of columbium to the 
granular films of the type shown at a 19 Cr-9 Ni weld metals of fully austenitic 
- magnification of 1000 in Fig. 23. Increase composition does not substantially affect 
in carbon content at silicon values the soundness. Table VII lists the 
below 0.50 per cent completely restores physical properties and chemical analysis 


Fic. 23.—Intergranular Silicate Films Responsible for the Fissures Present in Low Carbon Austenitic 
19 Cr-9 Ni Weld Deposits (1000). 


TABLE VII.—EFFECTS OF CARBON AND SILICON ON THE MECHANICAL PROPERTIES OF FULLY 
AUSTENITIC 19 CR-9 NI CB WELD METALS IN THE “AS-WELDED” CONDITION. 


Chemical Analysis, per cent 
| Yield 


Point, 
psi. 


Speci- 
men 


Fissures | Microstructure® 


S P 


Strength, psi. 
Area, per cent 


per cent 


Cc vial Si | Cr | Ni 

badly fissured 0.10 
badly fissured 0.09 
none 0.18 


Elongation, 
Reduction of 


Tensile 


2.20:0.39|17.60 14.84 fully austenitic 
13.54/0.73 0.020/0.013 fully austenitic 
2.00 0.70) 18.21) 9.40/1 -25/0.010/0.011 fully austenitic 


E-124... 
E-125 
E-650... 


oo 


- As determined from re L. Schaefiler’s constitution diagram. 
the ductility as indicated by the data of one high-carbon and two low-carbon 
obtained from specimens shown in Fig. specimens of this analysis. Again severe 
21. Increase in silicon content above fissuring with resulting low tensile 
about 0.50 per cent results in the reap- strength and elongation occurs at the 
pearance of fissures even at the higher low carbon level although the silicon 


carbon level. an ok. content was held at the low value of 


4 
: 4 
aii 
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(0.39 per cent. Increase in carbon content 
to 0.18 per cent completely eliminates 
all evidence of fissuring and substantially 
improves both the tensile strength and 
elongation, even though the silicon con- 
tent was at a slightly high value of 0.70 
per cent. Figures 24 and 25 show the 


| 


0.18 
0.70 
1.25 
E-650 


Fic. 24.—Effect of Carbon and Silicon on the 
Ductility of Austenitic 19 Cr-9 Ni Cb 
Weld Metal. 


tensile and bend specimens of this 
series. 

From the preceding data it is evident 
that sound, fully austenitic weld metals 
cannot be produced readily at carbon 
levels below 0.10 per cent. A decrease in 
silicon to near 0 per cent may possibly 
result in the elimination of fissures 


even at these low carbon values; how- 
ever, the difficulties of producing weld 
metals at such low silicon levels would 
render this solution impractical. 

It has been known for some time 
that the introduction of a small per- 
centage of delta iron or ferrite into the 
microstructure of the low carbon 19 Cr-9 
Ni type of weld metals affords an effec- 
tive control of weld metal quality. The 
presence of ferrite can be readily deter- 


Fic. 25.—Side and Face Bend Specimens of 
High Carbon-High Silicon Totally Austenitic 
hs 19 Cr-9 Ni Cb Weld Metal E-650. 


mined and its percentage estimated by 
etching the polished specimen in Kal- 
lings reagent. For control purposes the 
quantity of ferrite present in the micro- 
structure can be computed on the basis 
of a modified Maurer diagram proposed 
by A. L. Schaeffler. This diagram is 
shown in Fig. 26. After computing the 
chromium and nickel equivalents of the 
analysis the microstructural composition 
may be read directly. 

A series of tests was, therefore, con- 
ducted with 19 Cr-9 Ni type weld metals 


= 
« 
! 
— 
| | 
Side Bend Face Bend 
 & 
0.10 
0.39 
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containing about 4 to 12 per cent of 
delta iron or ferrite in the microstructure 
at varying carbon and silicon contents. 
Table VIII gives the mechanical prop- 
erties of six 19 Cr-9 Ni weld metals at 
0.08 to 0.10 per cent carbon and silicon 
contents from 0.42 to 0.92 per cent. 


30 


A similar set of test specimens of 
columbium stabilized 19 Cr.-9 Ni weld 
metal is shown in Table IX. No fissuring 
was noted on any of the 21 tension and 
bend specimens regardless of silicon 
variations of from 0.31 to 1.01 per cent 
and carbon variation of 0.07 to 0.19 


28 
26 


24 


22 


%Ni + 30 X %C + 0.5 %Mn 


Mar tensite —+ 


M+F 


Nickel Equivalent 


Ferrite 


Oo 12 «16 


i@ 20 22 24 26 26 30 32 34 36 


38 40 


Chromium Equivalent = %Cr + %Mo + 15x %Si +05 x %Cb 
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Constitution Diagram of Iron-Chromium-Nickel Weld Metals (By Anton L. Schaeffler(3)). 


TABLE VILL .—EFFECTS OF CARBON AND SILICON CONTENT ON THE PROPERTIES OF PARTIALLY 
FERRITIC 19 CR-9 NI WELDS IN THE “AS-WELDED” CONDITION, 


Reduc- 

tion of 
Area, 

per cent 


Yield Tensile 
Point, Strength, 
psi. psi. 


Elonga 
tion, 
per cent 


Specimen 


2-624 | 53 240 84 040 
=-625 50 520 84 180 
»-626 51 340 85 560 
-627 49 920 86 090 
5-628 50 530 86 900 
-653 48 000 81 000 | 


59. 
56. 
56. 
65. 
68. 
64. 


none 
none 
none 
none 
none 
none 


NUNN 


4 


Fis- | 


Micro- 
| struc- 
ture, 

per cent 

P Ferrite® 


Chemical Analysis, per cent 


| 9.08 


9.00 
9.16 


| 0.018 


2.00 3 
0.010 5 
5 


2.00 
2.02 
2.10 
1.96 
2.04 


| 19.21 
19.13 
19.10 
19.13 | 8.92 
18.85 | 8.60 
18.81 9.48 


0.013 
0.011 

0.010 6 
0.013 4 


®@ As determined from A. L. Schaefiler’s constitution diagram (Fig. 26). 


No fissuring was observed in any of 
the specimens, and the tensile strength 
and elongation properties of these weld 
metals do not appear to be affected by 
the variation in content. The 
0.505 in. tension specimens and bend 
tests of this series are shown in Figs. 27 
and 28, respectively. 


silicon 


per cent. Tension and bend specimens 
are again shown in Figs. 29 and 30, 
respectively. Both carbon and colum- 
bium appear to increase the tensile 
strength of the weld metal. Increasing 
carbon content, with the ranges covered 
in this investigation and in the absence 
of columbium does not appear to reduce 


: 


the ductility of the weld metal. Speci- 
men E-647 at 0.18 per cent carbon and a 
fully austenitic structure showed 53 per 
cent elongation as compared to the 
partially ferritic specimen E-625 at 
0.09 per cent carbon which showed 47 
per cent elongation. Unfortunately, there 
was no high-carbon 19 Cr-9 Ni specimen 
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0.09 0.10 
0.53 0.68 
E-625 E-626 


on 
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bium content results in increased ten- 

sility and decreased ductility of the 

weld metal. 
Aside from 


the effect of columbium 


on the tensile properties of the weld — 


deposit, the presence of columbium 
in a 19 Cr-9 Ni type weld metal results © 
in the appearance of 


0.10 0.10 
0.82 0.89 
E-627 E-628 E-653 


Fic. 27.—Tension Specimens Showing Excellent Ductility of Partially Ferritic 19 Cr-9 Ni Weld 
Deposits. 


showing a partially ferritic structure 
available for a more direct comparison. 

The effect of columbium on _ the 
properties of 19 Cr-9 Ni weld metals is 
shown graphically in Fig. 31, where the 
mechanical properties of partially fer- 
ritic 19 Cr-9 Ni weld metals containing 
columbium are plotted against the 
columbium content. Increasing colum- 


The cause, mode of formation, or for 
that matter any of the factors which 
influence the formation of these crater 
cracks, have not as yet been determined. 
These cracks are always intergranular 
and appear to result from the presence 
of an intergranular constituent in the 
microstructure, which does not, however, 
appear to be a slag type of constituent. 


crater cracks. 
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TABLE IX.—EFFECT OF CARBON AND SILICON CONTENTS ON THE PHYSICAL PROPERTIES OF 
PARTIALLY FERRITIC 19 CR-9 NI CB WELD METAL IN THE “AS-WELDED” CONDITION. 


Chemical Analysis, per cent Micro- 
struc- 
ture, 

per cent 

Ferrite* 


Yield Tensile 
Specimen | Point, Strength, 
psi. psi. 


Area, per cent 


per cent 


“eee Reduction of 


= 


SSESELES 


SIS 


PSE SSS 


wn 


AUN 


| 
| 


F 


0.10 

Si . v.06 0.89 

Specimen E-624 E-625 E-626 E-628 E-653 

Fic. 28.—Side Bend (top) and Face Bend (bottom) Specimens of Partially Ferritic 19 Cr-9 Ni 


Weld Metal. 


é 
-E-102.....| 64.000 | 91500 | 4] 
E-103 ....| 62000 | 92750 | 44 
E-104 68 000 | 95500 | 
. E-105 68 500 | 96000 | 3! 
E-655 52850 | 86560 | 4 ai 
E-656. 55.600 | 88 500 | 
at E-618. 61000 | 89500 | 4 
% E-619 56500 | 89750 | 4 
E-620.....| 61650 | 91720 | 4 
E-621.....| 56870 | 89830 | 4 
E-657.....| 58000 | 93000 | 3 
E-658.....| 62 900 92860 | 3 2 
E-622.....| 58380 | 90340 | 4 a 
E-641..... 63 000 94000 | 3 
E-642.....| 61000 | 94250 3 
E-643.....| 61400 | 96120 | 3 
E-644.....| 52500 | 95000 | 3 
E-408.....| 69500 | 100625 3 
E-410.....| 68 500 | 97875 | 3 
E-651.....| 65200 101100 3 
E-652..... 66700 102600 3 - 
@ As determined from A. L. Schaeffler’s constitution diagram (Fig. 26). 


0.39 


0.0 
. 0.94 


Specimen. E-¢ 


0.10 


1.01 
1.39 


Si. 


Cb 


Specimen. E-644 


Tension Specime 
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Cracks appear regardless of whether 
the columbium is present in the base 
metal, the electrode, or both, and their 
size seems to be directly proportional 
to the amount of columbium present. 
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welding of 19 Cr-9 Ni materials, stabi- 
lized with columbium, also result in crater 
cracking. Typical cracks with this type 
of welding on columbium-bearing 19 
Cr-9 Ni as compared to crack-free 


ce Bends 


0.65 
0.39 


Side Bends 


0.95 
0.72 


1.01 
1.39 


Side Bends 


Fic. 30. 


-Bend Specimens Welded with Partially Ferritic 19 Cr-9 Ni Cb with Various Combinations 


of Carbon, Silicon, and Columbium. 


Figure 32 shows the types of crater 
cracks which appear when columbium 
is present in the weld puddle. The type 
302 alloy plate welded with a 19 Cr-9 Ni 
electrode shows no crater cracking. 
Heliarc welding and atomic hydrogen 


craters on 19 Cr-9 Ni 
shown in Fig. 33. 

The presence of these crater cracks 
does not necessarily constitute a hazard 
since they are readily removed by 
grinding, and all production welding 


material are 


{ 
| = 
. 
10 0.11 0.11 0.10 0.10 10 0.10 0.10 
42 0.54 0.76 0.84 0.72 .78 0.96 0.86 
44 0.43 |_| 0.39 0.41 0.85 |_| 00 1.02 1.40 || 
ut 
Face Bends 
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with this type of alloy should be done 
with proper grinding of the craters. 
Similar cracking is observed in 25 Cr- 
20 Ni Cb and 16 Cr-13 Ni-3 Mo Cb as 


100 000 


839 


content, and it is believed that at 
carbon values of near 0 per cent this 
type of cracking would no longer exist 
even with columbium values of the 


Tensile Strength 


100 


90 000 


80 000 


90 


p 


70 000 


60 000 


50 000 


Yield, 
Reduction of 


per cent 


80 


70 


Reduction of Area, 


60 


40 000 


@) 


30 


40 


Yield and Tensile Strength, psi. 


20 O 


30 


per cent 


10 


Elongation in 2in, 


0.35 


0.71 


112 1.61 


Columbium, per cent 


—Effect of Increasing Columbium Content on Room-Temperature 


19 Cr-9 Ni Weld Meta 


19 Cr-9 Ni W Meta 


Crat 


er OT 


C'ype 347 Base Material 


Physical Properties. 


19 Cr-9 Ni Cb Weld Metal 


iter on Type 302 Base Material 


19 C r-9 Ni Cb Weld Metal 
- 


. 32.—Crater Cracking Produced by Columbium Present in Either the Electrode of ed = 
” in Base Material. Columbium-Free Crater Shows No Cracking (actual size). 


well as carbon steel to which columbium 
was added and ingot iron. With the 
columbium-carbon ratio 10 to 1 the 
extent or magnitude of the cracking is 
directly proportional to the columbium 


order of 1 per cent. This detrimental 
effect of columbium on weld quality 
justifies its limitation to 1.00 per cent 


maximum in stabilized 19 Cr-9 Ni alloys. 


The replacement of columbium with 
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other stabilizing or carbide-forming ele- 
ments so far has not been entirely 
successful. Investigation of the addition 
tungsten, molybdenum, and cobalt 
resulted in excessive sigma formation 
on aging and, in general, less desirable 
microstructures than those obtained 
with the conventional additions. Small 
amounts of boron added to a 19 Cr-9 Ni 
Cb weld metal at low columbium values 
appears to show some promise, al- 


This technique has been investigated 
by the Babcock & Wilcox Co. for a 
possible answer to two distinct problems 
found in joining dissimilar materials. 
The first of these is the carbon migra- 
tion problem. By the use of a low-carbon 
deposit of low-chromium weld metal 
between the normal 0.15 per cent maxi- 
mum carbon—say 2} Cr alloy—and an 
austenitic material, the carbon migra- 
tion potential is reduced and the possi- 


Atomic Hydrogen Weld Bea: 


Heliarc Weld Bead 


Type 302 Base Material 


Atomic Hydrogen Weld Bead 


Hieliarc Weld Bead 


Type 347 Base Material 
Fic. 33.—Craters of Atomic Hydrogen and Heliarc Beads on Type 302 
and Type 347 Plate (CIX). 


though the data at present are insuffi- 
cient to permit any definite conclusions. 


FERRITIC WELDING APPLIED TO 
DISSIMILAR WELDS 


It has generally been the rule in weld- 
ing that because of dilution problems 
a higher alloy should not be welded 
with a lower one. The successful welding 
of an austenitic material to a ferritic 
one with a ferritic electrode seems to 
break this long-standing rule. It would 
be expected that dilution at the higher 
alloy face would result in brittleness 
and cracking. The lime-ferritic type 
coating together with the use of low- 
carbon contents in the electrode has 
been found to make this type welding 
possible, provided high-carbon austen- 
itic base materials are avoided. 


bility of this type of failure under re- 
peated stresses is measurably lessened. 
Secondly, in some applications such as 
austenitic support attachments to super- 
heater tubes, it removes the point of 
high stress due to expansion from the 
colder face of the tube to a higher 
temperature zone having less tempera- 
ture cycling and consequently lower 
operating stress. Also, as previously 
discussed, it improves the metallurgical 
transition between the high alloy and 
the low one. This results in advantages 
in the expansion stress problem and 
eliminates the sharp transition from a 
hard to a soft zone at the fusion line. 
Tests of the use of this welding tech- 
nique are of interest and will be briefly 
described. Original low carbon 2} Cr-1 
Mo electrodes were made up using ingot 


{ 
“4 
7 


iron core wire as a base with the neces- 
sary alloying supplied by the coating. 
A check of the dilution characteristics 
was made by means of “pad welding” 
on a cast 25 Cr-20 Ni plate. Layers of 
je in. thickness were machined from 
the pad and chemical analysis made. 
At the same time each layer was checked 
for its hardness. Table X shows the 
results of this test. These data show a 
gradual change from an austenitic to a 


ferritic structure at the fusion line. 
Such a gradual dilution will succeed in 


distributing the expansion stresses over 
a band of reasonable width instead of 
concentrating them at a very narrow 
line as occurs when austenitic welding is 
employed. 


TABLE X.—CHEMICAL ANALYSIS (PER CENT) OF 
SUCCESSIVE %-IN. LAYERS OF LOW-CARBON 
244 CHROMIUM-1 MO WELD PAD DEPOSITED 
ON A 25 CR- -20 NIC AST ING. 


| 
| Brinell 
Layer Cc) & Ni Hardness 

Number 
0.05 3.15 0.37 227 
Second 0.04 | 3.36 0.56 269 
0.03 4.27 1.15 286 
Fourth 0.05 5.08 3.01 310 
Fifth 0.08 9.18 5.21 262 
Sixth 0.12 14.32 9.93 201 
Seventh 0.20 19.00 12.87 192 


Table XI gives the chemical composi- 
tion and machanical properties after 
various heat treatments, and the hard- 
ness of low-carbon 2} Cr-1 Mo weld 
deposits. 

To check the expansion theory dis- 
cussed above, additional quench tests 
similar to those described above were 
made on 25 Cr-12 Ni lugs welded to a 
2} Cr tube with both the low-carbon 
chromium electrode and with 25 Cr-20 
Ni electrodes. Figure 15 again shows an 
austenitic alloy lug welded to a 2} 
tube with 25 Cr-20 Ni electrodes after 
55 quenches from 1150 F. Figure 15 
shows a section of this weld and il- 
lustrates the type of failure. In com- 

parison with these results, Fig. 16 shows 
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a low-carbon 2} Cr-1 Mo weld after 
quench testing. No failures of this weld 
were observed. 

Metallographic examination of the 
previously described welds after test 
illustrates the difference in potential 
carbon migration of the two type welds. 
Figures 34 and 35 compare the two at 
250 magnifications. 

Elevated temperature stress rupture 
studies of the low-carbon 2} Cr weld 
metal have been made and are given 
in the following section on stress-rup- 
ture studies of weld metals. 


TABLE X1I.—CHEMICAL ANALYSIS, MECHANICAL 
PROPERTIES AND HARDNESS OF LOW-CARBON 
244 CHROMIUM-1 MO WELD METAL. 


Chemical Analysis, per cent 


c | Mn Si Cr 


0.05 | 0.57 0.49 2.40 | 0.08 | 0.88 
sei ee 
x5 
35 | eg 
22) | 8s 
As welded 83 750 | 99 500 22.0 | 57.0 | 205 
Stress relieved at 
1050 F. 68 500 98000 24.0 65.9 185 
Stress relieved at 
58 000 73.3 160 


1350 F 77 500 28.0 


STRESS-RUPTURE PROPERTIES OF 
AUSTENITIC AND FERRITIC 
WELD METALS 

The usefulness of weld metals and 
welded joints at elevated temperature 
and relatively high service stresses is 
largely a function of the behavior of 
the weld metal or welded joint under 
stress-rupture type of loadings. There 
is little published data available on the 
stress-rupture properties of austenitic 
or ferritic weld metals. In order to fill 
this need for information, a considerable 
amount of testing of the stress-rupture 
properties of weld metals has been car- 
ried on in the laboratories of the Bab- 
cock & Wilcox Co. 


4 
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Fic. 34.—Condition at Line of Fusion of 25 Cr-20 Ni Weld and 2} Cr-1 Mo Tube After 
LugjQuench Test (X 250). 


2 
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a 


.—Line of Fusion of Low Carbon 2} Cr-1 Mo Weld with (a) 2} Cr-1 Mo Tube, and 
(b) Austenitic 25 Cr-12 Ni Lug (250) 


4 
bs 


For purposes of this discussion the 
log-stress—log-rupture time plot for 
25 Cr-20 Ni and 19 Cr-9 Ni Cb all weld 
metal specimens at 1200 F. and for 2} 
Cr-1 Mo at 0.05 and 0.08 per cent carbon 
level at 1000 F. are shown in Fig. 36. 


100 000 
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hibited higher strength, the tendency 
of this alloy weld metal to form less 
sigma, and because it is less susceptible 
to micro-fissuring the 19 Cr-9 Ni Cb 
electrode was selected as the most 
suitable for the welding of dissimilar 


Cr-1Mo Weld Metal ot | 000 F 


As Welded 


TT @ Stress Relieved 1350 deg F Ihr Air Cooled 
THT Mn M 


Cc lo 
008 064 052 246 089 


(c) Low-Carbon 2'/4 Cr-i Mo Weid 


Metal at 1000 F aos Welded 


c Mn Si Cr Mo 
0.05 057 049 240 088 


(b) 19-9 Cb Weld Metal ot | 200 F 


Mn Si Cr N: Cb 
162 053 1996 978 1.06 
152 046 1947 1006 143 


Cb Varied From 035-16! 


| 


| 


(c) 25-20 Weld Metal at | 200 F 


os Welded ond Heat Treated 


= 
T 


| i} 


Cc Mn Si Cr Ni 
022 210 045 25.23 21.14 


“100 


1000 


Fracture Time, hr. 
Fic. 36.—Stress Rupture Curves. 


In the 25 Cr-20 Ni curve there is an ap- 
parent inflection in the spread of the point 
at about 160 hr. and a stress of 20,000 psi. 
The 19 Cr-9 Ni Cb weld metal stress- 
rupture curve does not indicate an 
equal inflection but appears to retain 
a constant slope at a higher stress. This 
difference is believed to be the result 
of a different mode of formation of 
sigma constituent. Because of this ex- 


metals where austenitic filler metal is 
used and where high - temperature 
strength is required. 

The charts for 2} Cr-1 Mo weld metal 
having 0.05 and 0.08 per cent carbon, 
respectively, at 1000 F. are shown in 
Fig. 36. At 40,000 psi. stress the two 
alloys have about the same life while 
the extrapolated stress for rupture in 
10,000 hr. is 20,000 psi. in the case 
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of the 0.08 per cent carbon 2} Cr and 
about 16,000 psi. for the 0.05 per cent 
carbon material. 

In addition to these all weld metal 
tests some were made on dissimilar 


metal specimens transverse to the weld. 


Several fractured specimens are shown 
in Fig. 37. These specimens are tests 
of 18 Cr-8 Ni Cb welded to 2} Cr-1 Mo 
with 19 Cr-9 Ni Cb weld metal. 

The test temperature was 1150 F. 
The fracture occurred in the same man- 
ner as in fatigue and thermal quenching 
tests. The data obtained on these speci- 
mens are plotted in Fig. 38. For com- 
parison, a curve for wrought 2} Cr steel 
is included which was interpolated from 
Babcock & Wilcox Tube Co. Bulletin 
6-E. As the stress decreased and fracture 


Three Fractured Dissimilar Metal Stress Rupture Specimens Run at 1150 FP. 
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time increased, there is a marked differ- 
ence in the slope of the two curves. 
This is believed to be the result of stress 
set up by differential expansion plus 
the combined effects of carbon migra- 


tion and accelerated oxidation, or, in 


other words, these failures follow the 
same pattern as do fatigue tests. 


DISCUSSION 


Inherent Stresses: 


From the above-described work to- 
gether with reviews of the literature and 
in consideration of actual service experi- 
ence it seems reasonable to enumerate the 
factors which will govern the successful 
operation of a dissimilar metal joint in 


service. + a tt - 9, 


= 18 Cr-8 Ni Cb 
4 
af 
‘Fic. 
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The first and the basic one is the 
inherent expansion differential between 
an austenitic and a ferritic material. 
For a quick comparison, an 18 Cr-8 Ni 
alloy has a coefficient of linear expan- 


100 000 


heating a dissimilar metal joint which 
has been welded with an austenitic 
weld metal, for instance 19 Cr-9 Ni Cb, 
the expansion stresses, produced as a 
result of the 36 per cent difference, will 


4-'8-8Cb to 244 Mo- 1050 F 


©-18-8Cb to 244Cr-iMo-1 150 F. 


Cr-iMo Interpolated] -1 O50 F 


B&W Co. -ISOF 


10 100 


1000 10 


Fracture Time, hr. 


Fic. 38. 


Stress Rupture Curves for Transverse Dissimilar Metal Weld Specimen at 1050 and 1150 F 


TABLE XIL—RESIDUAL STRESS IN DISSIMILAR WELDS. 


Observed Stress, psi. 


Observed Stress Corrected for Poisson’s Ratio 


Gage Location 
As Welded 


330 
6900 


from 1050 F. 


33030 
22350 
25950 


| Water Quench 104 Cycles of 
Quenching 


104 Cycles of 
Quenching 

12061 

32297 


Water Quench 


As Welded from 1050 F. 


2418 
7059 


9909 
33768 


Weld and Tube-Machine to 2.400 in. OD. 


SR-4 Gages Mounted as Shown 


——19 Cr-QNi Cb Weld 


sion in the temperature range of 70 F. 
to 1300 F. of 10.75 X 10~* in. per in. deg. 
Fahr A ferritic 2} Cr-1 Mo alloy has, for 
the above temperature range, a coeffi- 
cient of 7.88 X 10-*® Obviously, upon 


Original Weld Shape 


All 


Machining Operations Shown by Dotted Lines 
The Sequence of Operations is indicated by the Numbers ; 


| 

Cr-! Mo 

4 


Gage No.2 


Sow Cut 


~1.D. Bored to 2/8 to O.125in 
Woll Thickness 


¥, 7, 
reach yield point dimensions at a narrow 
band along the junction ofthe two ma- 
terials unless the lower strength one 
yields or creeps. This has been shown 
by measurable increases in diameter of 


"pear 
4 
8 
0) \Saw Cut 4 Gage 
Cr-BNi Cb :~Goge. Gage No.4 
| 
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tubular specimens of dissimilar joints 104 quenches showed, at the same loca- 
where the ferritic side has been operating tion, an approximately equal stress of 4 
in the low creep temperature range. 31,500 psi. Within the limits of error 7 
Figure 8 shows very plainly the strain of this method of analysis, it is evident t. 
lines in a tubular fatigue specimen which that these expansion stresses together | 
are believed to be present largely be- with working stresses place the operat- 
cause of the expansion stresses. ing stresses on the ferritic side of transi- 

A study of the magnitude of these tion welds well over the yield point. 
stresses has been made by means of The type of failure shown in the tests 
SR-4 type gages and the removal of described in this report should, there- 
relaxation specimens from tubular speci- fore, be expected and especially where 


Weld 
Fusion 
Line 


25 Cr-20 Ni Weld Croloy 


As 
| if 
25 Cr-20Ni 
Weld Metal 


“Weld Fusion 


of 


| 
5 

300 

x 


o 
— 


| 

60 504030201070 102030 405060 7080 X17 


Distance From Weld Fusion Line, in. ia a 
Fic. 39.—Microhardness Traverse of Dissimilar Metal Weld Specimen Heated 48 hr. at _p : 
1300 F. 


mens across the junction line. Several temperature cycling occurs, where move- ) 
specimens have been checked, one as- ment of the ferritic alloy cannot take 
welded, a second after a single quench place, and where the metallurgical 
from 1050 F., and a third after 104 phenomena described in this paper are 
cycles of heating and quenching in the _ present. . 
cyclic-quench apparatus. The results 
of these observations are given in 
Table XII. The as-welded sample shows Oxidation limits of the low-chromium 
a reasonable stress of approximately ferritic materials, particularly 2} Cr-1 
6900 psi. The single quench specimen Mo which because of its high creep 
showed stresses at a location just off strength is of greatest interest, is 
the fusion line, in the circumferential generally assumed to be 1150 to 1175 F., 
direction, and in the ferritic alloy of when operating under low stress. This 
33,000 psi. The specimen which has had_ work points out that when ferritic to— at 


Oxidalion: 


sd 


| 

q 


this paper, 
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austenitic joints are operating at or near 
the oxidation limit, the stress concen- 
trations along the fusion line destroy 


or cracks the protective scale of the 


ferritic material resulting in oxide pene- 
tration or notching at or near the fusion 


74 


(a) 25 Cr-20 Ni to 5 Cr-} Mo Ti—1350 F 
48 hr 
Fic. 40. 


. for 


shows a micro-hardness survey of an 
austenitic material welded to a ferritic 
material. Notice the sharp increase in 
hardness at the fusion line and the 
comparative softness of the adjacent 
decarburized layer. The carbon move- 


(b) 25 Cr-20 Ni to r-1 Mo 


10 hr. 


1350 F. for 


Effect of Titanium Additions on Carbon Migration at Line of Fusion of 


Dissimilar Metals (100). 


line. Figure 10 illustrates this phenom- 
enon as it has occurred in a failed fatigue 


specimen. 
4 


te. jin 

When an austenitic material is joined 
to a ferritic one and heated in the tem- 
perature range considered throughout 
carbon movement usually 
takes place producing a hard, thin, 
high-carbon layer in the austenitic 


Carbon Migration: 


& 


- material adjacent to the ferritic line of 


fusion. In the ferritic material a de- 


- carburized area adjacent to the high 


carbon line usually 


exists. Figure 39 


ment illustrated was developed by a 
heat treatment of 1300 F. for 48 hr. 

In the laboratory tests described it 
has been noted that failures of dis- 
similar metal joints frequently occur 
adjacent to the hard zone and in the 
low-carbon ferrite, probably as a result 
of its comparatively low strength. In 
many service failures, the presence of 
the decarburized layer has been lacking 
although there has generally existed in 
the samples examined a carbon con- 
centration line at the fusion line. It 
may be that continuous heating over a 
long period of time will result in re- 
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(a) 19 Cr-9 Ni Cb to 2} Cr-1 Mo—1050 F. for (b) 25 Cr-20 Ni to 23% Cr-1 
1000 hr. 1000 hr. 


| 
tw 


= 


(c) 19 Cr-9 Ni Cb to 2} Cr-1 Mo—1150 F. for (d) 25 Cr-20 Ni to 2} Cr-1 Mo—1150 F. for 
1000 hr. 1000 hr. 


Fic. 41.—Effects of Heating on Carbon Migration at Line of Fusion of Dissimilar 
Metals (100). 


carburization of the low-chromium ma-_ reached at the fusion line. This condi- 

terial once a state of equilibrium is tion may be more readily established | 4 
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where the assembly is operating at 
comparatively low stresses. 

Since carbon migration is a factor in 
the serviceability of dissimilar metal 
welds and since it may possibly be con- 
trolled by suitable carbide stabilization 
of the ferritic material, some investiga- 
tion of this possibility has been made. 
This series of tests has included addi- 


Fic. 42.—Line of Fusion of 25 Cr-20 Ni to 
2}Cr-1 Mo Heated at 1350 F. for 1 hr. (100) 


tions of titanium, vanadium, columbium, 
nickel, manganese, silicon, and molyb- 
denum to the ferritic side of the weld. 
The results of these tests are given 
below: 

Titanium Additions to the Ferrite: 

The effect of titanium on carbon 
migration was investigated on some 
wrought 5 Cr-0.5 Mo Ti material of the 
following analysis: 

Ladle 


Analysis, 
per cent 


Check 
Analysis, 


Carbon 
Manganese. . 
Sulfur 
Phosphorous. . 
Silicon 
Chromium 
Molybdenum 
Titanium 
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Both 19 Cr-9 Ni Cb and 25 Cr-20 Ni 
weld metal were deposited on sections 
of this material and subjected to 1000 
hr. at 1050 F. and 1150 F., and another 
specimen was subjected to a 48-hr. heat 
treatment at 1350 F. There was no 
carbon migration noted in any of the 
specimens tested. Figure 40 (a) shows 
the line of fusion of the specimen welded 


Effect of Vanadium Additions on 
Carbon Migration at Line of Fusion of Dissimi- 
lar Metals (X100), 25Cr-20 Ni to 2} Cr V— 
1350 F. for 48 hr 


with 25 Cr-20 Ni weld metal and heated 
for 48 hr. at 1350 F. A shorter exposure 
at the same temperature of a dissimilar 
joint involving unstabilized 2} Cr-1 Mo is 
shown in Fig. 40 (6). The mechanism of 
carbon migration as affected by tem- 
perature and time is illustrated in Figs. 
41 to 46, inclusive. Figures 41 (a) and 
41 (6) show the effects of heating dissim- 
ilar joints between 2} Cr-1 Mo unstabi- 
lized and 19 Cr-9 Ni Cb and 25 Cr-20 Ni 
weld metals, respectively. Definite evi- 
dence of carbon depletion of the 2} Cr 
material may be noted adjacent to the 
19 Cr-9 Ni Cb weld metal with some 
carburization of the austenite. The 25 
Cr-20 Ni weld showed considerably 


| 
= q 
a 0.09 
0.49 
0.016 
0.016 
0.31 
0.50 
i 


less carbon depletion and _ practically 
no diffusion of carbon into the austenite. 
At 1150 F. the amount of decarburiza- 
tion of the 24 Cr-1 Mo is substantially 
greater in both cases as shown in Figs. 
41 (c) and 41 (d), respectively. Short- 
time exposures of a 25 Cr-20 Ni weld 
metal to 2} Cr-1 Mo unstabilized joint 
for 1 and 10 hr. at 1350 F. are shown in 


(a) 25 Cr-20 Ni to 5 Cr-} Mo Cb—1350 F. for 


48 hr. 


Fic. 44.—Effect of Columbium Additions on Carbon Migration at Line of Fusion of 
Dissimilar Metals (100). 


Figs. 42 and 40 (6), respectively. The de- 
gree of decarburization and carbon diffu- 
sion into the austenite appears to be a 
direct function of time at temperature. 
The rate at which such decarburization 
occurs appears to be primarily a func- 
tion of temperature. 


Effect of 
Ferrite: 


Vanadium Addition to the 


Vanadium stabilized wrought material 
was obtained from a heat of steel having 


Manganese 

Silicon 

Chromium 

Molybdenum 

Vanadium 

A 25 Cr-20 Ni weld metal layer was 
deposited on this material and sub- 


48 hr. 


jected to a 48-hr. heating at 1350 F. No 
carbon migration was noted in this test, 
indicating the effectiveness of vanadium 
as a carbide stabilizer. Figure 43 illus- 
trates these results. 


Effect of Columbium Additions to the 
Ferrite: 

Since no columbium-bearing wrought 
material was available, an experimental 
5 Cr electrode was produced with 


} 
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the following chemical analysis: 
Actual, | 
per cent 
| 
| 
Fay 
5 Cb to 2} Cr-1 Mo—1350 F. for 
4 
| 
4 


columbium additions being supplied by 
the coating. The molybdenum content 
was raised simultaneously to the 2} Cr 
level. Analysis of the undiluted weld 
was metal as follows: 


Carbon, per cent. . 
Silicon, . 0.00 
Columbium, per cent................... .. 0.67 


Fic. 45.—Effect of Nickel Additions on Car- 
bon Migration at Line of Fusion of Dissimilar 
Metals (100). 25 Cr-20 Ni to 24 Cr-1 Mo Ni— 
1350 F. for 48 hr. 


pad of weld metal was deposited 
on 2} Cr plate material and this weld 
metal was covered with several layers 
of 25 Cr-20 Ni weld metal. The specimen 
was then subjected to a 48-hr. heating 
at 1350 F. 


junction between the 25 Cr-20 Ni and 
5 Cr Mo Cb indicated no carbon migra- 
tion or diffusion into the austenite as 
shown in Fig. 44 (a). It was noted, how- 
diffusion of 


ever, ‘that considerable 
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Examination of the 


carbon occurred from the unstabilized 
2} Cr wrought material to the stabilized 
5 Cr weld metal as shown in Fig. 44 (6). 


Effects of Manganese and Nickel Addi- 
tions to the Ferrite: 


In order to study the effect of man- 
ganese and nickel additions to 2} Cr 
material, special low-carbon 2} Cr ye 
trodes were prepared with nickel and 
manganese additions made through the 
coating. Analyses of the undiluted weld 
metals are listed below: 


Nickel Manganese 
Carbon, per cent....... 0.04 0.03 
Manganese, per cent. . . 0.40 3.00 
Silicon, per cent etc Qe 0.29 
Chromium, per cent : 2.91 2.86 
Molybdenum per cent..... 1.13 1.07 


Weld pads were prepared on 2} Cr 


base material in a manner similar to 
that used for the columbium-stabilized 
electrode. A 48-hr. heating at 1350 F. 
produced no noticeable carbon migra- 
tion at the ferrite-austenite interface. 
Figure 45 shows the condition observed 
with the nickel-bearing weld metal. The 
addition of manganese showed a similar 
condition at the line of fusion. 


Effects of Silicon Addition to the Ferrite: 


A high-silicon low-carbon 2} Cr analy- 
sis was prepared by using an electrode 
depositing a low-carbon, high-silicon weld 
metal. Analysis of the deposit was as 
follows: 


Chromium, per cent......... 
Molybdenum, per cent........ 


Test specimens were prepared as 
above and subjected to a 48-hr. heating 
at 1350 F. Figure 46 (a) shows that 
considerable migration of carbon from 
the high-silicon ferrite to the austenite 
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occurred, in spite of the unusually high 
manganese content of the weld metal. 
No carbon diffusion from the low-silicon 
2} Cr base plate to the high-silicon weld 
was noted as shown in Fig. 46 (0). 
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ba 


As 
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(a) 25 Cr-20 Ni to 2} Cr-1 Mo Si—1350 F. for 


24 hr. for 48 hr. 
4 Fic. 46 —Effect of Silicon Additions on Carbon Migration at Line of Fusion of 
Dissimilar Metals (X 100). 


The Effect of Additional Molybdenum in 
the 24 Cr-1 Mo Composition: 


A low-carbon 2} Cr electrode was 
prepared with an addition of molyb- 
denum to the final analysis through 
the electrode coating. Analysis of the 
deposit was as follows: 


Manganese, per cent 1.30 
per cont... .. ... 0.31 
Chromium, percent.......... 2.94 
Molybdenum, per cent 1.90 


Test specimens were prepared and 
heat treated as in the previous investi- 


gations. Figure 47 shows that the addi- 
tional molybdenum did not prevent 
carbon migration at 1350 F. 

Based on the study of the effect of 
addition of alloying elements to a fer- 


(b) 24 Cr-1 Mo Si to 2} Cr-1 Mo—1350 F. 


ritic material, it appears that the rate 
or degree of carbon migration from the 
ferrite to the austenite may substantially 
be reduced by additions of columbium, 
titanium, nickel, or man- 
ganese listed in the order of their effec- 
tiveness. Silicon additions did not ap- 
pear to be effective although the silicon 
level was relatively low and there is 
always a degree of segregation in a 
weld deposit, particularly when an 
alloying element is added through the 
electrode coating. The effect of the 


vanadium, 
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854 cw 
microstructure of the ferritic member of 
the dissimilar joint has not been in- 
vestigated, although it is believed that 
the effect of prior heat treatment of the 
ferritic material would be destroyed 
in the process of welding, at least in 
that area immediately adjacent to the 
line of fusion. 


of Additional Molybdenum 


Fic. 47. 
in the 2} Cr-1 Mo Steel on Carbon Migration at 
Line of Fusion of Dissimilar Metals (100). 
25 Cr-20 Ni to 2} Cr-2 Mo—1350 F. for 48 hr. 


Effect 


From the preceding it is also evident 
that the rate of carbon migration in- 
creases with increasing temperatures. 
Based on the laboratory and field data, 
it would be very difficult to select a 
limiting temperature to which a dis- 
similar joint may be subjected for an 
indefinitely long time without showing 
a marked carbon depletion of unstabi- 
lized ferrite adjacent to the weld junc- 
tion. 
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Heat TREATMENT 

Any heat treatment given a _ weld 
joining an austenitic to a ferritic ma- 
terial cannot improve the serviceability 
of the assembly. In unstabilized ferritic 
material, carbon migration will be pro- 
duced. With any material combination, 
high stresses are established which have 
been shown to be of yield point magni- 
tude at 1050 F., and higher temperatures 
should increase these stresses. The expan- 
sion differential of the two materials 
makes relief of stress difficult or impossi- 
ble. Heat treatment in the tempering 
range of the ferritic alloy produces sigma 
in the austenitic weld. 
The stress-relieving treatment usually 
considered necessary for hardenable, 
ferritic, low-chromium alloys not 
necessary where welding is done with 
low-hydrogen coatings and where the 
service temperature is over 950 F. For 
example, the heat-affected zone of a 
2} Cr-1 Mo plate welded with 19 Cr- 
9 Ni is reduced in hardness from 320 
Brinell hardness number as-welded to 
under 220 Brinell hardness number after 
40 hr. at 1050 F. (See Appendix.) 


It is difficult to estimate the degree of 
success to be expected of a dissimilar 
metal joint in service. The work reported 
here, together with service experience, 
points to several factors which, when 
controlled, will measurably reduce the 


possibility of failure. These will be 
yriefly enumerated: 
briefly merated 

1. The weld metal used may be 


either austenitic or ferritic, but each 
should demand an exacting control of 
the electrode itself and of the technique 
employed. This control should include 
careful shop tests of the electrodes to 
insure absence of fissuring. Careful 
procedures and welding details must 
be extablished. Welding techniques in 
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production should be carefully con- 
trolled to assure removal of crater 
cracking or other mechanical defects. 
The cover beads should be removed 
flush to the surface and all other stress 


raisers such as notches and undercuts 


Fic. 48.—Procedure Qualification Bends on 18 Cr-8 Ni Cb to 2} Cr-1 Mo Welded with 
19 Cr-9 Ni Cb Electrode in the As-Welded Condition. 


carefully removed when they are near 
the fusion line. 

2. No post-welding heat treatment 
need be given welds joining ferritic to 
austenitic materials when the ferritic 
material does not show as-welded hard- 
nesses over 350 Brinell hardness number, 
and when service temperatures exceed 
950 F. This will reduce carbon depletion 
on the ferritic side and will lessen the 
rate of sigma formation in the austenitic 
weld metal. 

3. The choice of welding composition 


seems to be a 19 Cr-9 Ni Cb electrode 
for most applications. The work given 
above establishes reasons for this, being 
basically soundness and better high 
temperature strength. A low-chromium, 
low-carbon electrode shows excellent 


Face Bend 
K1) 


oot Bend 
x 1) 


possibilities, certainly for non-pressure 
parts or for pressure parts when more 
information on its high temperature 
properties becomes available. 

4. The fundamental cause of failure 
of a transition weld in a ferritic to an 
austenitic material is expansion and 
operating stresses. Other secondary 
causes such as oxidation fatigue, carbon 
migration and poor welding techniques 
speed these failures. The safe operating 
limits to be expected of a dissimilar 
metal weld appear to be a function 
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Joint Detail 
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PASS NO. BEAD TYPE 


1 String #y in. Diam. 55-56 

2 Slight Weave AISI Type 347 Amps 
3.4 String Lime-coated for 
5.6 Slight Weave ‘or all 
7.8.9 Slight Weave all passes passes 

APPLICATION 
OUTSIDE 
MATERIAL DIAMETER WALL, in. JOB No. 
in. 

AISI Type 347 2% 0.566 

AISI Type 347 2% 0.520 RB 50 

Croloy 3M 24 0.563 SH 7933 

Croloy 3M 244 0.566 


Section through Joint 


Nore.—Actual test was made between type 347, 2} in. O.D. by 0.520 in. wall and Croloy 3M 24 in. O.D. by 0.563 in. 
wall. (Ta-0.563 in., T-0.520 in.) 


Fic. 49.—Metal Arc Welding of Type 347 Tubes to Croloy 3 M Tubes for Superheater Service. 
(A.S.M.E. Case 1022) (23 in. O.D., Wall Thicknesses Over } in. and Including ¢ in.) 
320 
300 
4 
280 
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240 
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= 220 
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200 x 
160 
As 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 
q Welded Hours 
o* Fic. 50.—18-8 Weld Metal on 2} Cr-1 Mo Plate. Hardness of Heat Affected Zone After 
id | Exposure at 1050 F. 
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of the operating temperature and the 
degree of temperature cycling. This work 
points out that endurance limits of 2} 
Cr-1 Mo tubing welded with 19 Cr-9 
Ni Cb to 18 Cr-8 Ni Cb tubing oper- 
ating at metal temperatures of 1150 F. 
are well beyond those to be expected 
in normal superheater service. This pre- 
supposes that the various welding and 
material precautions which have been 
suggested have been followed. 

5. Where temperature and stress con- 
ditions are such as to indicate possible 
failure during the normal life of the as- 
sembly, it is recommended that all cyclic 


APPENDIX 


Qualifications of welding procedure for a 
dissimilar metal weld were made in accord- 
ance with ASME Case 1022. The specimens 
were prepared from tubes of 2} in. outside 
diameter and 0.5 in. minimum wall thickness 
of 18 Cr-8 Ni Cb and 2} Cr-1 Mo welded 
with 19 Cr-9 Ni Cb electrodes. The process 
was first qualified for 25 Cr-20 Ni weld metal 
and was later requalified for 19 Cr-9 Ni Cb 
weld metal. The face, side, and root bends 
shown in Fig. 48 were made on an “as 
welded” specimen as part of the qualification 
procedure. Figure 49 shows a tabular sheet 
giving details of procedure, including weld 
design, bead sequence, etc. In addition to 
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temperatures be prevented at dissimilar 
joints. This may best be accomplished 
by separate heating as, for example, by 


These may automatically be controlled 
so as to prevent the cooling of the weld 
under the approximate operating tem- 
perature range. 

This procedure will refer particularly 
to piping. On small tubing such as in 
superheaters this work would indicate 
that this precaution is not necessary 


under normal operating conditions. - 


% 
Calrods or by other similar methods, 
applied to the outside of the joint. 
6 


this information it was standard procedure 
to preheat the 2} Cr-1 Mo tubing to 400 F. 
prior to welding. The welds were not stress- 
relieved after welding. 

In order to establish the effect of service 
temperature on the hardness of the heat- 
affected zone of a dissimilar metal weld, a 
series of specimens was prepared by de- 
positing a single bead of 19 Cr-9 Ni weld 
metal on 2} Cr-1 Mo plate. The specimens 
were placed in a furnace at 1050 F. and 
heated for periods up to 320 hr. A hardness 
curve for these specimens is shown in Fig. 
50. Notice that after only 25 hr. the major 
change in hardness has occurred. 
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(6) H. Weisberg, “Cyclic Heating Tests of 
Main Steam Piping Joints Between Ferritic 
and Austenitic Steels—Sewaren Generating 
Station,” Transactions, Am. Soc. Mechani- 
cal Engrs., Vol. 71, August, 1949, pp. 
643-664. Discussion included. 
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JOINT DISCUSSION OF 


O. R. 


Mr. H. Welsperc! (presented in 
written form).—It would appear desir- 
able at this time to review the dif- 
ferences between the Babcock & Wilcox 
test described in the Blaser, Eberle, and 
Tucker paper and two similar tests 
recently reported, one by Public Service 
Electric and Gas Company,’ and _ the 
other by the U. S. Naval Engineering 
Experiment Station,’ and consider why 
the failure occurred here, whereas no 
failure was reported for either of the 
other tests. re-inspection of the 
coupons from the Public Service test 
specimens shows no evidence of the 
intergranular oxidation phenomenon re- 
ported by Babcock & Wilcox, and 
although the Navy test assembly has 
not been sectioned, a thorough non- 
destructive inspection shows no failures 
of this type. The quench runs of both 
the Public Service and the Navy tests 
resulted in even more rapid cooling than 
in the Babcock & Wilcox test. Both the 
Public Service and the Navy test speci- 
mens were subjected to more heating 
and cooling cycles than the Babcock & 
Wilcox piece. The Public Service pipe 
was tested without internal steam pres- 
sure but the Navy pipe was tested at 
full steam pressure. 

There are, however, at least three 
other differences as follows which make 
the Babcock & Wilcox test more severe 
and may account for the failure: 

1. The Public Service and the Navy 
welds were post-heated to relieve weld- 


Mechanical Engineer, Engineering Public 


Service Electric and Gas Co., Newark, 


2 Transactions, Am. Soc. Mechanical Engrs., Vol. 71, No. 
6, August, 1950. (Paper No. 48-A-87). 

3 Transactions, Am. Soc. Mechanial Engrs., Vol. 72, No. 
7, October. 1950. (Paper No. 3). 
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ing stresses whereas the Babcock & 
Wilcox welds were not. Carpenter’s 


tests indicate that post-heat treatment 
is detrimental in that it increases 
carbon migration which was the pri- 
mary cause of the failure. His tests, 
however, were on relatively small di- 
ameter tubing. When dealing with heavy 
wall pipe, the benefits of stress relieving 
may offset the disadvantage of greater 
depletion of carbon in the heat-affected 
zone. 

2. In the Babcock & Wilcox test 
specimen, the 1? in. thick ferritic pipe 
was reduced to 1;'5 in. at the weld re- 
sulting in a physical notch and concen- 
tration of stress at a point where there 
already was a metallurgical notch due 
to carbon depletion. In both of the other 
assemblies the austenitic pipe was in- 
creased in thickness to match the ferritic 
pipe thickness. 

The Babcock & Wilcox test speci- 
men was cooled to room temperature 
during each cycle. The Public Service 
test specimens were cooled to not less 
than 200 F. and the Navy quench tests 
were carried down only to the saturated 
steam temperature. This may be the 
important difference, as the maximum 
stress due to differential contraction 
occurs at the lower end of the cycle if we 
assume that the joint stress relieves 
itself at the operating temperature. 
Also, the Babcock & Wilcox test piece 
was held at the operating temperature 
for a whole week before cooling, allowing 
it to stress relieve itself to a larger ex- 
tent, while in both of the other tests the 
time at operating temperature was 
relatively short with less opportunity 
for stress relief. 


Joint Discussion OF 


It is of interest to note that in con- 
nection with the Kelcaloy joint in the 
Public Service test an incipient crack 
was found on the inner surface of the 
pipe where the two metals join, after 
about half of the test had been com- 
pleted. This crack was very similar to 
that shown in the top photomicrograph 
f Fig. 11 of the Blaser paper. The crack, 
aowever, did not progress during the re- 
mainder of the test including the 
quench runs and this may be an indi- 
cation of the value of this type of joint 
over the straight butt weld. It is noted 
that weld preparation “D” in Fig. 4 of 
the Carpenter paper withstood more 
cycling than any of the other types of 
weld grooves. This weld detail closely 
approaches the lap type of joint of the 
Kelcaloy transition piece. 

Kelcaloy transition joints are being 
used on all four units at Sewaren Station. 
A careful inspection of the piping of the 
first unit aftér 15 months of operation, 
the major portion of which was at 1050 
F., showed no indication of failure. 
Incidentally, a number of cracks were 
found in other parts of the austenitic 
piping system, all of which it is believed 
can be traced either to high stresses due 
to abrupt changes in section or defects 
in the base material or welds which were 
not detected during the assembly of the 
piping system. 

It has been recognized by those who 
have given much thought to the problem 
that failure of welds between dissimilar 
alloys, particularly in heavy wall piping, 
is inevitable if the range and frequency 
of temperature changes in operation are 
sufficiently great. This work sponsored 
by the Babcock & Wilcox Co. adds 
considerably to the meager quantitative 
information on the subject and will be 
invaluable in many industrial installa- 
tions where both ferritic and austenitic 
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Mr. N. L. Mocuer.*—Relative to the 
joining together of dissimilar materials, 
reference has already been made by 
Mr. Weisberg to the use at Sewaren, 
N. J., where six are already in service 
and two more will be installed next year. 
These are rather large and heavy sections 
where the main steam line is joined 
through the throttle valve of the tur- 
bine. 

Also for turbine construction for 
service at 1050 F., it has been found 
expedient to join together dissimilar 
materials. In one case 1 Cr-} Mo has 
been joined to 18 Cr-8 Ni Cb, and in 
another case 2 Cr-1 Mo to 18 Cr-8 
Ni Cb. 

Mr. Weisberg mentioned the fact that 
some joints have been examined after 
15 months of service with a steam 
temperature of 1050 F. In the installation 
where the incoming 18 Cr-8 Ni Cb 
steam piping has been joined to the 
outer casing of the turbine, some six 
joints are involved between the austenitic 
material and the 1 Cr-} Mo outer 
turbine casing. These welds were very 
carefully examined after 15 months of 
service and were found to be entirely 
satisfactory and free of any trouble. 
Of course, the temperature is somewhat 
lower than the 1100 F. mentioned by Mr. 
Carpenter. 

It was not possible to examine the 
internal welds where the steam piping 
enters the nozzle chamber and where the 
nozzle chamber and the 18 Cr-8 Ni 
Cb Mo steel casting is joined to the 
inner turbine casing of 2 Cr-1Mo 
However, in all work of this sort, we 
have been very careful to do one of the 
things that Mr. Carpenter mentioned 
at the very end of his discussion. We 
believe in boring out the joint and 
turning it outside to a uniform section. 
The backing up strip and the full effects 
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of backing up strip are removed, so 
that smooth machined interior and 
exterior surfaces are obtained. 

We have also seen fit to join together 
some smaller piping where drain lines of 
ferritic material might be joined to 
nipples or other devices for joining to the 
heavy throttle valves or turbine casings, 
as the case may be. The same practice 
is followed here as in the large piping. 
The inside of the joint is bored out and 
the outside is turned so that a perfectly 
smooth contour both inside and out is 
obtained at these points. 

Also, I suspect that the stresses in 
the case of these joints I have mentioned 
are considerably lower, and temperatures 
certainly are lower, than the majority 
of those referred to by Mr. Carpenter. 

Mr. R. CARPENTER (author's 
closure)——I wish to repeat one point 
which may not have been clearly enough 
brought out. This had to do with the 
operating temperature and its relation 
to the failure described. The work 
reported by this paper and that of 
Blaser, Eberle, and Tucker shows 1100 F. 
or more to be the critical range. In- 
dications are that joints operating at 
lower temperatures, say 1050 F., may 
be very satisfactory under constant 
conditions and over a long operating 
period. 

The purpose of the work reported in 
this paper was not to predict the time 
of failure nor the critical operating 
temperature of a dissimilar metal joint. 
It has been to show that under certain 
conditions this type weld will fail. 
These conditions have been established 
in the paper and certain precautions for 
avoiding them recommended. 

Messrs. R. U. BLaser,, F. EBERLE, 
AND J. T. TucKER, JR. (authors’ closure). 
—We thank Messrs. Weisberg and 
Mochel for their comments. It is quite 
evident that present knowledge of dis- 
similar weld joint properties is in- 
adequate, and for this reason opinions 


may differ regarding some aspects of this 
problem. 

Take, for example, the questions 
raised by Mr. Weisberg. To us, the 
advantages of a postweld treatment 
appear to be doubtful since residual 
welding and thermal expansion stresses 
exceeding the operating creep strength 
of the material will be reduced to the 
same level by plastic creep after the 
joint has been in operation for some 
time. 

With respect to Mr. Weisberg’s com- 
ments regarding the weld joint design 
of our test specimen, we wish to point 
out that cracking started on the outside 
of the pipe. The greatest stress concen- 
tration, however, is on the inside at the 
change in cross-section and backing 
ring location. If such stress concentra- 
tions are an important factor, cracking 
should have started at this inside 
location. 

We agree that our extending the 
cooling cycle to room temperature was 
undoubtedly responsible for a greater 
stress range, and it is quite possible 
that this factor in conjunction with the 
longer holding time at operating tem- 
perature constitutes the important dif- 
ference between the Babcock & Wilcox 
test and Mr. Weisberg’s test. 

Inasmuch as an incipient crack oc- 
curred at the internal weld junction of 
the Kelcaloy joint in Mr. Weisberg’s 
test which admittedly was less severe 
than the Babcock & Wilcox test, it 
would, indeed, be interesting to know 
what would have happened if the 
Kelcaloy joint had been subjected to 
these more severe conditions. 

There is some comfort in Mr. Mochel’s 
statement that there are several ferritic- 
austenitic weld joints which have been 
in service for 15 months without indi- 
cations of trouble. However, we should 
like to point out that unless the number, 
severity, and type of the cycles of these 
joints are known, a comparison with the 
Babcock & Wilcox test is not conclusive. 


HARDE NING OF 


AUSTE NITIC 
WORKING | 


‘ST AINLESS STEELS 
AT SUB-ZERO TEMPERATURES* 


© By N. A. ZIEGLER! AND P. H. BRACE? 


SYNOPSIS 

It has been discovered that austenitic stainless steels, having approximate 
compositions of 12 to 30 per cent chromium and 11 to 20 per cent nickel, can be 
made unusually hard by plastically deforming them at sub-zero temperatures 
and thus promoting the gamma to alpha transformation. Hardness values 
thus obtained can be increased still further by a subsequent aging heat treat- 
ment of about 750 F. (400 C.). 

Samples of suitable compositions have thus been hardened all the way 
through by rolling or wire drawing. Other physical properties are affected 
accordingly, so that in an 18 per cent chromium —8 per cent nickel strip, 
rolled at —300 F. (—185 C.) and aged, tensile strength of 295,000 psi., yield 
stress of 290,000 psi., proportional limit of 264,000 psi., elongation of 2.0 
per cent, reduction of area of 24.8 per cent and hardness of 607 V.P.N. (Vickers 
diamond pyramid number) have been obtained. 


Exploratory tests indicate that the resistance to corrosion is not seriously 


impaired by the processing required to produce the exceptionally high mechani- 


BY MECHANICAL 


cal properties noted above. 


In connection with some fundamental 
investigations of austenitic stainless 
steels, a large variety of compositions, 
containing different amounts of chro- 
mium, nickel, molybdenum, and carbon, 
was tested for Charpy impact resistance 
at the temperature of liquid nitrogen 
(about —300 F. or —185 C.). In the 
course of that work it was observed that 
some of the steels of 18-8 or 18-8 with 
2 per cent molybdenum types (non- 
magnetic at room temperature when 
rapidly cooled from 1900 to 2000 F. 
(1038 to 1093 C.), upon being broken 
at —300 F., became, adjacent to the 
fracture, magnetic to such an extent that 


* Presented at third Annual Meeting of the 
Society, June 26-30, 

) Research Metallurg: ist, Crane Co., Chicago, Ill. 

? Consultin Metallurgist, Westinghouse Research 
Laboratories, East Pittsburgh, Pa 


when the pieces were at room tempera- 
ture, they could be lifted by an Alnico 
magnet. However, even at a short dis- 
tance away from the fracture these 
bars remained non-magnetic. Bars of 
the same steels broken at room tempera- 
ture remained non-magnetic all over. 
Nor were these bars rendered magnetic 
by immersion in liquid nitrogen. Con- 
sequently, the only conclusion which 
could be reached from these observa- 
tions was that the increase in magnetic 
permeability was caused by the occur- 
rence of severe plastic deformation at 
the low temperature. 

Increased magnetic permeability in 


austenitic stainless steels resulting from — 


| 


mechanical working performed at sub- 
zero temperatures has also been observed 
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by Mathieu.’ However, it appears that 
he did not go beyond the recording of his 
observations. Obviously (as also pointed 
out by Mathieu), this change in perme- 
ability must have been caused by the 
increases in the amount of ferrite that 
accompany the transformation from 
gamma to alpha state, which is promoted 
by the combination of plastic deforma- 
tion and low temperature. At the same 
time, if such is the case, one might 
expect that the transformation would 
also be associated with a change in 
hardness and other physical properties. 
A few Vickers hardness tests taken on 
the Charpy bars broken at —300 F. 
confirmed this opinion: adjacent to the 
fracture the hardness had, at least in 
some cases, increased to well over 
400 V.P.N. In the bars of the same 
compositions, broken at room tempera- 
ture, hardness adjacent to the fracture 
also increased but to lesser values than 
those observed in the bars broken at 
sub-zero temperatures. 

It appears that this phenomenon is 
not unlike that observed in Hadfield 
manganese steels, which, after quench- 
ing from a high temperature, are pre- 
dominantly austenitic, non-magnetic and 
relatively soft, but upon subsequent 
plastic deformation at room-temperature 
become ferritic, magnetic, and show 
increased hardness. The main difference 
is that in the Hadfield steels this phe- 
nomenon occurs at room temperature 
while in the case of chromium-nickel 
stainless steels it takes place at sub- 
zero temperatures. 


TESTS ON BROKEN CHARPY 4 
Impact Bars 


After establishing the fundamental 
facts noted above, a broader survey of 
broken Charpy bars was undertaken. 


3K. Mathieu, “Einfluss von Legierungsgehalt und 
Versuchsbedingungen auf die Gamma-Alpha Umwandlung 
bei der kaltverformung austenitischer Stahle,”’ Archiv fur 
= Eisenhiiitenwesen, Vol. 16, No. 6, December, 1942, 
p. 215. 
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For those preliminary studies, they were 
considered as a convenient working 
material because each one of them 
contained a severely deformed portion, 
adjacent to the fracture, that merged 
into the undisturbed “annealed” metal 
in the shanks of the bars. 

The nominal compositions and the 
chemical analyses of the selected cast 
steel samples are given in Table I. It 
should be noted that all are low in carbon 
(under 0.1 per cent) and that they fall 
into two main groups, one containing 
no molybdenum and the other about 2 
per cent molybdenum. Each group is 
divided into two sub-groups, one with 
about 8 per cent nickel and the other 
14 per cent nickel. In each of the sub- 
groups are three steels whose respective 
chromium contents are about 15, 18, 
and 21 per cent, with other elements 
the same in all three. 

Each steel was represented by two 
samples, one broken at room tempera- 
ture and the other at —300 F. In other 
words, each composition was studied in 
four conditions (Table I, columns 1, 4, 
7, and 10): 

(a) “Annealed,” that is air cooled 

from 1900 to 2000 F. (1038 to 1093 C.), 

(b) “Annealed,” and plastically de- 
formed at room temperature, 

(c) “Annealed,” and chilled in 
liquid nitrogen (—300 F.), and 

(d) “Annealed,” and_ plastically 

deformed at —300 F. 

The question was then raised as what 
would be the maximum temperature at 
which hardness obtained by the sub- 
zero plastic deformation would persist — 
and at what temperature softening 
would commence. The answer was sought 
by aging all of the above samples at 
progressively higher temperatures and 
measuring hardness after each aging 
step. In Table I the hardnesses obtained 
after 750 F. (400 C.) aging are given in > 


columns 2, 5, 8, and 11, and after 1000 F. 
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(538 C.) aging—in columns 3, 6, 9, 
and 12.4 

In all the steels the hardness values 
produced by plastic deformation were 
maintained or increased by aging at 
temperatures up to 750 F. At higher 
temperatures softening commenced and 


at about 1000 F. progressed fairly deformed at room temperature 
rapidly. A mere chilling in liquid nitrogen (c) “Annealed,” then plastically 


“yore 
om 


> 


Fic. 2. 


had only a slight (if any) hardening 
effect, as compared to the “annealed” 
condition. 

Figure 1 is a graphic representation of 
the effect of chromium on_ hardness 
within the aforementioned four sub- 
groups (8 per cent nickel, 0 per cent 
molybdenum; 14 per cent nickel, 0 per 


‘The effects of aging steps at intermediate tempera- 
tures are omitted. 


On HARDENING OF AUSTENITIC STAINLESS STEELS 


Microstructure of Sample No. 4 (Table I) (X 5 
Worked at —300 F. Aged at 750 F. Etched in aqua regia. 
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cent molybdenum; 8 per cent nickel, 2 
per cent molybdenum; and 14 per cent 
nickel, 2 per cent molybdenum) in the 
following five physical “conditions”’: 
(a) “Annealed,” that is rapidly 
cooled after heating to 1900 to 2000 F., 
(6) “Annealed,” then plastically 


deformed at room temperature and 

aged at 750 F., 
(d) ‘‘Annealed,” then plastically 

deformed at —300 F., and 7 


(e) “Annealed,” then 
deformed at —300 F. and aged at 
750 F. 


It will be seen that for a given steel, 
the hardness of the samples plastically 


deformed at sub-zero temperatures 
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reached higher values than did the 
hardness of the corresponding specimens 
deformed at room temperature. In some 
cases (Fig. 1) this difference is quite 
substantial. Likewise, subsequent aging 
at 750 F. had a greater effect on the 
former than on the latter. In the two 
sub-groups containing 8 per cent nickel 
(Fig. 1 (A) and (C)) the effects of sub- 
zero deformation and of subsequent 
aging are much more pronounced than 
in the other two, containing 14 per 
cent nickel (Fig. 1 (B) and (D)). The 
difference is, no doubt, due to the 
austenite-stabilizing effect of nickel. In 
the former groups (8 per cent nickel and 
8 per cent nickel, 2 per cent molyb- 
denum) the hardness of some of the sub- 
zero-deformed-and-aged samples was 
well over 500 V.P.N. 

Figure 2 is a typical microstructure of 
one of the aforementioned samples, 
plastically deformed at —300 F. and 
aged at 750 F. It shows a junction of 
two initially austenitic grains and the 
etching pattern resulting from the pre- 
cipitate formed on the slip-planes under 
the stimulus of sub-zero deformation 
and subsequent aging heat treatment. 


PLASTIC DEFORMATION BY SHOT 
PEENING AND FORGING 

Three 18-8 compositions were selected 
for the investigation of the effect of 
plastic deformation by shot-blast peen- 
ing and forging. Two of them were as 
cast and one hot rolled (Table II). They 
were “annealed” by air cooling from 
1900 to 2000 F., and then individual 
samples were subjected to: 

(a) Shot Peening at room tempera- 
ture,” 

(6) Shot Peening at —300 F., 

(c) Forging at room temperature,* 
and 

(d) Forging at —300 F. . 
Although no attempts were made to 


5 Sample No. 13 was not worked at room temperature. 
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measure the amount of cold deforma- 
tion, it may be mentioned that reduction 
by forging was carried to about one- 
third of the original thickness, while 
shot peening was performed over a 
period of 1 min. 
It should be understood that plastic 
deformation by shot peening produced 
only a superficial skin effect. However, 
this plastically deformed skin was suffi- 
ciently thick to be tested for Vickers 
hardness, using a light load. 
Hardness measurements 
sample were taken: 
(a) As plastically deformed, 
(6) Aged at 750 F. and 
(c) Aged at 1000 F. 
The data thus accumulated are recorded 
in Table II. It may be observed that 
shot peening produced higher hardness 
values than forging which, no doubt, was 
due to the more intense, though lo- 
calized, plastic deformation produced — 
by shot peening. Likewise, sub-zero 
plastic deformation in all cases had a 
greater effect than that imposed at 
room temperature. Aging at 750 F. 
produced a far greater increment in 
hardness in the sub-zero deformed 
samples, than in those deformed at 
room temperature. Moreover, this effect 
is more pronounced in the shot-peened 
than in the forged samples. Aging at 
1000 F. softened all of them. 
Figures 3 and 4 represent micro- 
structures and micro-hardness studies 
at the surfaces of samples Nos. 13 and 
14 (Table II), respectively, after shot 
peening at —300 F. and aging at 750 F. | 
In both cases, a predominantly austenitic — 
structure with some ferrite (frequently — 
present in cast structures of steels of 
this type) can be observed. Precipita- 
tion in the cleavage planes of the parent- 
austenite, produced by the low-tempera- 
ture plastic deformation and subsequent _ 
aging, can readily be seen, in both > 
cases. Micro-hardness distribution 


a 


on each 


Fic. 3.—Microstructure of Sample No. 13 (Table TI). 
Shot Peened at —300F. Aged at 750 F. Etched in agua regia. * f. iat 
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studies indicate that the hardness at 
the surface is rather high and that it 
gradually diminishes towards the inside 
of the sample. Micro-hardness values 
measured at the surface (Figs. 3 and 4) 
are lower than the corresponding hard- 
ness figures recorded in Table II. This 
probably is due to the fact that it was 
difficult to obtain symmetrical micro- 
hardness impressions at the extreme 
edge of the sample. 


Shot Peened at —300 F. Aged at 


MECHANICAL WORKING BY ROLLING 
AND WIRE DRAWING 


The next phase of this investigation 
was a study of the effects of sub-zero 
mechanical working,® as obtained by 
rolling and wire drawing, as well as the 
effect of the subsequent aging. Table III 
represents nominal compositions and 
chemical analyses, mechanical working 
conditions, and the resultant hardness 


*“Plastic deformation”’ is distinguished from ‘‘me- 
chanical working” by the fact that in the latter case 
the amount of plastic deformation was predetermined 
measured, 
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4.—Microstructure of Sample No. 14 (Table II) (X 450). 
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values for representative specimens of 
the alloys used. 

Excepting sample No. 27, which was 
worked by wire drawing, all of the 
samples were worked by rolling. Sample 
Nos. 16 to 19 were commercial steels of 
18-8 type, rolled in lengths of several 
feet so that, besides hardness, their 
other properties, to be discussed later 
on, could be investigated. Sample Nos. 
20 to 26 were small samples cut off 
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750 F. Etched in aqua regia. 


from cast coupon blocks and rolled — 
to lengths of a few inches. From the 
previous experiments with Charpy bars 
it was known that the chemical composi- 
tions of the latter group were such that 
they would be “border-line”’ cases. The 
main object of testing them was to 
determine the compositional range with- 
in which the alloys would be responsive 
to sub-zero working. 

Each sample was worked down to 
the same percentage reduction either 
at room temperature (about 
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(25 C.)) or at about —300 F. The latter 
was done by chilling the specimens in 
liquid nitrogen, passing them through 
the rolls, immediately putting them 
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preparatory heat treatment by holding 
them at about 1900 F. for approximately 
30 min. and quenching them in oil 
(sample Nos. 16 to 19), or in water 


+ STRONGLY RESPONSIVE ators, ROLLED SAMPLES 
RESPONSIVE ALLOYS CHARPY BARS OR SHOT- 
& STRONGLY RESPONSIVE ALLOYS§ BLASTED SAMPLES 
Fic. 5.—Composition Range of the Experimental Alloys. 
100 
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Nickel, per cent ‘| 
Fic. 6.—Effect of Nickel on Hardening of Steels Containing 18 per cent Chromium (Cross-Section _ 
C-C,, Fig. 5). 
back in liquid nitrogen, and repeating (sample Nos. 20 to 26). Sample No. 27 
this operation until the desired reduction was not given any preparatory heat 
was obtained. treatments and mechanical working was 
With the exception of the sample effected by drawing it through a series 
No. 27, all the specimens were given a_ of successively smaller dies so that its 
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cross-sectional area was reduced by 


_ approximately 50 per cent in five passes. 
Several feet of wire were thus drawn 
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ing operations, two specimens were 
taken from each sample, one to represent 
the ‘“‘as-worked” condition, while the 
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Fic. 8.—Effect of Chromium on Hardening of Steels Containing 20 per cent Nickel (Cross-Sec- 
tion A-Aj, Fig. 5). 


in order to provide enough material to 
perform, besides hardness tests, some 
_ other experiments to be discussed 
presently. 
After completing the mechanical work- 


other was aged for about 4 hr. at 750 F. 
and air cooled. Hardness measurements 
were made on all of them. 

Mechanical working, at whatever tem- 
perature, produced in all of the samples 
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a marked increase in hardness. Aging 
heat treatment caused further measur- 
able increases. However, even without 
aging, the gains in hardness that re- 
sulted from the simultaneous applica- 
tion of sub-zero temperature and me- 
chanical working were relatively great 
as compared with the gains resulting 
from mechanical working only at room 
temperature. Finally, when both me- 
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|---Sample No ig’ Steel, Mechanically Worked at - 300F 


Hardness, VPN/5 
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whose response to those treatments was 
particularly strong. 

Figure 6 represents the magnitude of 
the response for compositions taken 
along the cross-section C-C; of Fig. 5, 
that is along the nickel ordinate, chro- 
mium being constant at about 18 per 
cent. It might be noted that the re- 
sponses of compositions either low (of 
the order of 4 per cent) or high (of the 
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10.—Effect of Aging for 1 hr. at Various Temperatures on. Vickers Hardness. 


| of 16-8 Steet, 


Hardness, VPN/5_ 


Aging Time, br 
Fic. 11.—Effect of Time of Aging at 750 F. 


chanical working at sub-zero tempera- 
tures and aging heat treatment were 
applied, the maximum gains were 
obtained. 

Figure 5 is a graphic representation 
on triaxial coordinates of the composi- 
tional range within which were found 
chromium-nickel steels that responded 
to sub-zero working and subsequent 
aging heat treatment, as noted in Tables 
I, II, and III. The shaded area repre- 
sents a narrower field of compositions 
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order of 20 per cent) in nickel are rela- 
tively small, but nevertheless significant. 
However, the responses of compositions 
containing about 7 to 14 per cent nickel 
are particularly high. 

Figure 7 portrays the extent of the 
sub-zero hardening effect for composi- 
tions taken along the cross-section B-B, 
of Fig. 5, that is along the chromium 
ordinate for nickel contents between 
about 8 and 14 per cent. This group of 
alloys registered exceptionally high re- 
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sponses to sub-zero plastic working 
throughout the entire compositional 
range. 

Finally, in Fig. 8 is shown the re- 
sponse for compositions taken along 
the cross-section A-A, of Fig. 5, that is 
along the chromium ordinate, nickel 
being constant at about 20 per cent. 
In this group of alloys, the responses 
are not very great, but nevertheless 
appreciable. 


EFFECT OF THE TEMPERATURE OF 
PLasTIC DEFORMATION, OR WORKING 
AND AGING TIME AND TEMPERATURE 
Figure 9 is a graphic representation of 

the effect of shot blasting at progres- 


TABLE IV.—PHYSICAL PROPERTIES OF 
COMMERCIAL 18-8 (SAMPLE NO. 28). 


Prepara- | Hard- 
| Tensile Properties 
| 
Rolling | - | 
Tempere-| | | | 52/88 
ture, deg t= 
Fabr. | | 2 
on | SB) 
| > | > 
477°...... 214 000 | 168 000 | 120 000 | 7.6 |ss.0 | 460 
—1007...... 244 000 | 236 000 | 192 000 | 4.2 |32.2 | 512 
—3007......| 218 500°) 185 000°} 218 500°| 522 
+77°...... | 215 000 200 000 | 152 000 | 5.1 |47.4 | 504 
—100?...... | 273 000 | 258 000 | 223 000 | 3.5 |30.3 | 558 
—300°......| 295 000 | 290 000 264 000 | 2.0 |24.8 | 607 


. Rolled at various temperatures. 


> Rolled at various temperatures and aged at 750 F. 
for 4 


hr. 
é Defective Tensile Specimen. 


sively lower temperatures, from room 
temperature down to that of liquid 
nitrogen, on the surface hardness of 
two steels, namely, 18-8 and 18-8 with 
2 per cent molybdenum, (A) as shot- 
blasted, and (B) as shot-blasted and 
aged at 750 F. It appears from this 
chart that plastic deformation by any 
means at temperatures lower than about 
— 100 F. was not particularly advantage- 
ous for the amounts of deformation 
here applied. However, for practical 
reasons it is desirable to start me- 
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chanical working at the temperature of 
liquid nitrogen (about —300 F.) 
order that the metal may remain as 
long as possible in the sub zero tempera- 
ture range in which the hardening is 
most pronounced. 

Figure 10 indicates the effect of aging 
temperature (for 1-hr. periods) on the 
hardness of two samples of commercial 
18-8 austenitic steels (sample Nos. 18 
and 19, Table III), rolled at —300 F. 
It is apparent that there is a general 
tendency for hardness to increase with 
increase of aging temperature between 
450 and 850 F. (232 and 454 C.). At 
higher aging temperatures, softening 
commences and at about 1000 F. pro- 
gresses quite rapidly. 

Figure 11 represents the effect of time 
of aging at 750 F. on the hardness, (a) at 
room temperature and at 750 
of a sample of commercial 18-8 steel 
(Serial No. 19, Table III) rolled at 
— 300 F. Even after 100 hr. the hardness 
trend is still upward in both cases. 


TENSION AND TORSION TESTING 


A number of tension tests were made 
on 18-8 strip or wire rolled or drawn at 
sub-zero temperatures. Some specimens 
were tested ‘“‘as-rolled”’ while others 
were aged. Invariably, there were ob- 
served considerable increases in tensile 
strength, yield stress and proportional 
limit, associated with some reduction of 
static ductility. 

Table IV gives a representative set 
of test data obtained on commercial 
18-8 strip. Initially this material was 
in the form of rolled bars 1 in. wide by 
#-in. thick and 4in. long. These were 
first heat treated by water quenching 
from approximately 1900 F., to put them 
in the soft condition, and then reduced 
in thickness to approximately ;¢-in. 
by 18 to 19 rolling passes. The rolling 


7 “Hot hardness.” 
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mately —300 F.). Each of the rolled 
strips was cut into two parts, and one 
part of each piece was aged for 4 hr. 
at about 750 F. Hardness measurements 
and tension tests were made on both 
the ‘‘as-rolled”’ and ‘‘as-rolled-and-aged”’ 
specimens. 

The shape and nominal dimensions 
of the specimens are shown by Fig. 12. 
Referring again to Table IV, it will be 
seen that the gain in hardness and tensile 
values caused by rolling only was 
greater for the two specimens rolled at 
sub-zero temperatures than for the one 
rolled at room temperature. Further- 
more, the increments in hardness and 
tensile properties that resulted from 
aging were also greater for the specimens 
rolled at sub-zero temperatures than 
for that rolled at room temperature. 
Finally, the highest hardness and 
strength values were obtained in the 
specimens which were rolled at the 
lowest temperature (that is, that of 
liquid nitrogen). 

Relative levels of tensile strength, 
yield stress and proportional limit fall 
into the same order as the corresponding 
hardness values. Ductility is lower for 
Fic. 12.—Tensile Specimen. the harder and stronger specimens. 


Note: All Fillets 
is Radius 


TABLE V.—CHANGE IN PHYSICAL PROPERTIES OF COMMERCIAL 18-8 SAMPLE NO. 28, ROLLED AT PRO- 
GRESSIVELY LOWER TEMPERATURES AND AGED AT 750 F. FOR 4 HR., AS P ER CENT OF 
PROPERTIES AFTER ROOM TEMPERATURE ROL LING. 


Tensile Properties 


ld | Propor Reduc Hardness* Rolling Temperature, deg. Fahr. 
Tensile Yie a - 
Strength | Strength | pe tion of 


Limit Area 


+13.5 —300 
—14 + 9.6 +77 
—45 +21.3 | 100} As Rolled and Aged at 750 for 


—55 +32.0 — 300 


+19. 0 
+54.0 
+73.0 


+7 
+14. 0 +40.0 —42 +11.3 —100}As Rolled. 
| 


* Hardness change in per cent of hardness after room-temperature rolling. 


was done in three temperature ranges, Nevertheless, in the strongest one, a 
namely, that of the room (77 F.), that tensile strength of 295,000 psi., a yield 
obtained by cooling in dry ice (approxi- stress of 290,000 psi., a proportional 
mately —100 F.), and that obtained by limit of 264,000 psi., and a hardness of 
immersion in liquid nitrogen (approxi- 607 V.P.N. are associated with an 
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elongation of 2 per cent and a reduction 
of area of 24.8 per cent. 

The most significant figure, perhaps, 
is that for the proportional limit of the 
material rolled at —300 F. and aged, in 
comparison with the corresponding figure 
for material rolled at room temperature. 
The increase amounts to 120 per cent, 
that is more than double (Table V). 

Another experiment showed that the 
torsional yield point of 18-8 wire (the 
same stock material as sample No. 27, 
Table III), in the form of a helical 
spring, was 156,000 psi. This represents a 
gain of about 46 per cent, relative to a 
yield stress of about 107,000 psi. for a 
similar spring formed from conventional] 
cold drawn 18-8 wire. 

WEAR TESTS 

A series of wear tests was made, 
using as test materials several modifi- 
cations of the 18-8 composition, me- 
chanically worked or plastically de- 
formed at about —300 F. by rolling, 
shot peening, forging, or burnishing. 
Specimens were tested in “‘as-worked”’ 
and “as-worked-and-aged” conditions. 

The wear-testing machine used in 
this work imparts an oscillating rotary 
motion of approximately 5 deg. to one 
specimen*® bearing upon a similar sta- 
tionary specimen. Any desired contact 
pressure up to 4000 psi. can be applied. 
Evaluation of the wear characteristics of 
a material combination is made by 
observing the onset of leakage of air 
under controlled pressure between the 
lapped test surfaces and by visual in- 
spect'on at the conclusion of the test. 
In the usual test procedure, frictional 
coefficients may be determined by meas- 
uring the degree of torsional flexure of 
the calibrated shaft holding the sta- 
tionary specimen. Because there is no 
apparent relation between the coeffi- 


* Standard specimen is a disk with a ring-sha) bear- 
ing surface, 1.7 in. outside diameter and 1.25 in. inside 
diameter. 


cient of friction and seizure characteris- 
tics, frictional coefficients are not 
considered unless friction is excessive. 
In the present tests the friction was 
generally quite low. 

Referring to the specimens used 
these experiments, the rolled ones were 
prepared from strips similar in composi- 
tion and processing to sample Nos. 16 
to 19 (Table III). Rings, 1.7 in. out- 
side diameter by 1.25 in. inside diameter, 
were cut from the original rolled strip. 
Some of them were used ‘“‘as-rolled’’ 
while others were aged for 6 hr. at 
750 F. These rings were mounted on a 
metal base, so that the assemblies had 
the dimensions of the standard wear 
test sample. The test surfaces were 
then ground and lapped. 

The forged specimens were machined 
from solid blocks (previously chilled 
in liquid nitrogen and then sub-zero 
forged) to the wear test sample dimen- 
sions. 

Shot peening and burnishing were 
performed at the temperature of liquid 
nitrogen on wear test specimens ma- 
chined to the desired dmensions. In 
this group, the sub-zero plastic deforma- 
tion produced only a superficial harden- 
ing effect. Since the surfaces thus 
produced were somewhat rough, they 
had to be slightly ground and lapped. 
Material thus removed from the surface, 
even though very slight in amount, 
constituted the most severely worked 
(that is the ‘“‘best”) part. 

Among the three sub-zero-rolled-and- 
aged samples, one showed wear per- 
formance equal to or even better than 
the best of the wear-resistant metal 
combinations. This is quite remarkable 
because all austenitic stainless steels in 
any condition obtainable by conven- 
tional mechanical working and _ heat 
treatment, have notoriously low wear 
resistance and great tendency to galling 
under sliding contact. The other two 
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samples, similarly treated and _ tested, 
showed a marked improvement as com- 
pared to the conventionally cold-worked 
austenitic stainless steels, but were 
greatly inferior to the first one. The 
only factor which, perhaps, might to 
some extent explain this difference in 
wear performance was that the ‘‘well- 
behaved” sample contained about 0.2 
per cent carbon, while the other two 
had less than 0.1 per cent. 

Among the samples which were forged, 
shot peened or burnished at a sub-zero 
temperature, as well as those aged after 
the above treatments, some showed no 
and others only slight improvement 
as compared to the wear performance 
of conventionally cold-worked austenitic 
steels. 

Hardness values for all of these 
samples, excepting the forged ones, 
were well over 500 V.P.N. Nevertheless 
with the exception of one, they all 
proved inferior to the standard wear- 
resistant materials, such as cobalt-base 
chromium alloys, even though the hard- 
ness of the latter frequently is below 
500 V.P.N. As has been pointed out on 
numerous occasions, hardness is not the 
only property which determines a satis- 
factory wear resistance, and much more 
work must be done before the reasons 


for the inconsistencies can be made 
clear. 
CORROSION TESTS 


Some elementary corrosion tests were 
performed on several austenitic steels as 
(a) sub-zero worked and aged, and (6) 
annealed. Samples were immersed or 
partially immersed in a saturated sodium 
chloride solution. The test results were 
determined qualitatively by observing 
any possible water-line corrosion as well 
as discoloration of the metal and of the 
remaining liquid. On the strength of 
these tests, it might be concluded that 


all the worked and aged samples had 
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about the same corrosion resistance as 
annealed 18-8 steel. 


SUMMARY 


1. It was discovered that austenitic 
chromium-nickel steels can be made 
unusually hard by plastically deforming 
them at sub-zero temperatures and thus 
promoting the gamma to alpha trans- 
formation. 

2. This added hardness can be ob- 
served after mechanical working at 
about —50 F. (—46 C.) and progres- 
sively increases as the working tempera- 
ture is lowered down to that of liquid 
nitrogen (about —300 F.). 

3. Hardness values thus obtained can 
be increased still further by a subse- 
quent aging heat treatment at about 
750 F. 

4. The compositional range within 
which this phenomenon was observed 
can be defined on the triaxial iron- 
nickel-chromium diagram by the follow- 
ing compositions: 18 per cent chromium, 
4 per cent nickel; 12 per cent chromium, 
20 per cent nickel; and 30 per cent 
chromium, 20 per cent nickel. 

5. Within a narrower range defined by 
15 per cent chromium, 8 per cent nickel; 
15 per cent chromium, 14 per cent 
nickel; 21 per cent chromium, 14 per 
cent nickel; and 21 per cent chromium, 
8 per cent nickel the response is particu- 
larly strong. 

6. Within the latter range, hardnesses 
exceeding 500 V.P.N. can be obtained by 
sub-zero working alone. They can be 
further increased to over 600 V.P.N. by 
applying a subsequent aging heat treat- 
ment. 

7. Samples of suitable compositions 
have thus been hardened all the way 
through by rolling, wire drawing, or 
swaging. 

8. Superficial hardening can be ef- 
fected by shot-blast peening or burnish- 
ing. These two methods, however, re- 


| 


HARDENING OF AUSTENITIC STAINLESS STEELS 


sult in surface roughness which makes 
their application inconvenient. 

9. Other physical properties are af- 
fected in the same proportion as hard- 
ness, so that in an 18-8 strip rolled at 
— 300 F. and aged at 750 F. the following 
values can be obtained: tensile strength, 
295,000 psi.; yield stress, 290,000 psi.; 
proportional limit, 264,000 psi.; elonga- 
tion, 2.0 per cent; reduction of area, 
24.8 per cent; and hardness, 607 V.P.N. 

10. The response to these treatments 
can be controlled by adjusting the iron- 
chromium-nickel ratios as well as by 
adding as ‘alloying elements” austenite 
promoters such as carbon and nitrogen 
or ferrite promoters such as molyb- 
denum, columbium, and titanium. 

11. preliminary experiments 
have shown the possibility of a con- 
siderable improvement in the wear 
resistance of austenitic chromium-nickel 
steels. However, more refined techniques 
are necessary to make this effect re- 
producible. 
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12. Some exploratory tests indicate 
that the salt-water corrosion resistance 
of samples thus treated is not greatly 
reduced by the special hardening 
processes described. 

13. The subject matter of this paper 
is covered by a pending patent applica- 
tion. 
Giesiyo 
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a DISCUSSION 


Messrs. Cart H. SAMANsS! AND F. J. 
SHORTSLEEVE' (presented in written form). 

The authors have produced some very 
interesting properties in austenitic chro- 
mium-nickel stainless steels by sub-zero 
working followed by elevated tempera- 
ture-aging treatments. Through their 
kindness we have been able to make 
X-ray diffraction studies of some of their 
18-8 alloys after various stages of this 
hardening process. The zerolled sample 
had a very faint austenite pattern with 
the predominate structure being ferritic, 
undoubtedly formed by a martensitic 
(shear-type) reaction as the broadness 
of the lines indicated appreciable dis- 
tortion. After aging at 750 F. for 4 hr., 
the austenite lines had disappeared and 
the ferrite lines had sharpened a little, 


thus increasing somewhat their apparent 


intensity; they still were noticeably 
broad, however. No evidence of carbide 
lines was found after etching the surface 
in an effort to concentrate any carbides 
which might be present. When three 
specimens were dissolved simultaneously 
in acid, no residue was secured, so it is 
doubtful if many carbides actually had 
been precipitated by the aging treat- 
ment. 

There is one other explanation for the 
added hardening during aging which 
might be considered by the authors, 
particularly as it probably could occur 
simultaneously with and in addition to 
carbide or nitride precipitation. The 
martensitic transformation incident to 
the zerolling undoubtedly produces a 
severely strained “‘ferrite” lattice, so the 
ferrite might tend to recrystallize if the 
temperature were high enough. If so, 
the apparent precipitate shown in Fig. 


1 Standard Oil Company (Indiana), Whiting, Ind. 


2 might be the —_ of an initial stage 
of recrystallization, and the 750 F. 
aging treatment might correspond to 
the “recovery” or “‘stress-relief’”’ stage 
of recrystallization. An appreciable in- 
crease in yield strength and hardness 
would be anticipated from these effects. 

This possible explanation might be 
tested by examining alloys aged at a 
higher temperature than 750 F. or for 
longer times than 4 hr. If the explanation 
is valid, the “softening” that occurs at 
higher aging temperatures should be ac- 
companied by recrystallization of the 
ferrite. However, since carbide precipi- 
tation also should occur in this tempera- 
ture range it might not be possible to 
eliminate this factor from consideration 
unless the rates of the two reactions dif- 
fered appreciably. 

It should be pointed out also that, for 
some alloys systems at least, the amount 
of work-hardening possible in the im- 
mediate vicinity of a phase boundary 
may be abnormally high, exactly as the 
authors’ have shown in Fig. 6 for vary- 
ing nickel contents and in Fig. 7 for 
varying chromium contents. The peaks 
in both figures correspond approximately 
to phase boundaries, 8 to 9 per cent 
nickel dividing the y and a + y fields, 
and 17 to 18 per cent chromium, the 
sigma and non-sigma-forming alloys. 

Mr. Brinper.*—I should like 
to mention some work which has been 
carried out at the Union Carbide and 
Carbon Research Laboratories, Inc., to 
determine the influence of low-tempera- 
ture straining on the impact properties 
of austenitic 18-8 steel.* This work was 


2 Union Carbide Carbon Research Laboratories, 
Inc., Niagara Falls, N 

a'W. O. Binder, ‘Effect of Cold- Work at Low Tempera- 
ture on Austenitic 18-8 Steel,” Metal Progress, August, 
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prompted by the discovery that an 18-8 
valve stem, after 15 yr. of service in 
equipment making liquid oxygen, had 
transformed partially to martensite un- 
der the influence of service strains. A de- 
tailed investigation showed that strains 
of the magnitude encountered in service 
can have only a minor effect on the im- 
pact properties of this type of steel. 

To gain some insight as to the micro- 
structure of the steel after transforma- 
tion, metallographic and X-ray diffrac- 
tion studies were made. The X-ray data 
indicated that the structure of the steel 
was unaffected when strained about 20 
per cent at room temperature by tensile 
loading; however, a small amount of 
transformation was evident in the micro- 
structure. On the other hand, straining 
a total of about 20 per cent at —110F. 
produced about 30 per cent ferrite, and 
at —320 F. about 45 per cent ferrite. 

Of considerable theoretical interest is 
that the specimens strained 10 and 20 
per cent at sub-zero temperature ex- 
hibited a hexagonal phase having the 
same interatomic spacing as the low-tem- 
perature form of cobalt. It was estimated 
that about 10 per cent of the austenite 
had transformed in this manner. 

The formation of the hexagonal phase 
seems to be affected by the method of 
cold working. Only traces of the phase 
have been observed in samples of 17-7 
and 18-8 steel reduced 18 per cent in 
thickness by cold rolling at —110F., 
and it has not been observed in 18-8 
type steel hardenable by heat treatment. 

The influence of this phase on the 
properties of the steel is unknown but 
will require consideration in any theo- 
rizing on this subject. 

Messrs. N. A. ZIEGLER AND P. H. 
BRACE (authors’ closure)—The. only 
thing we might mention in addition to 
the subject matter in the paper is the 
scattering of the points in Figs. 6 and7, 
indicating the increase in hardness due 
(a) to sub-zero working and (6) to sub- 
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zero working and subsequent aging. 
This scattering is caused by different 
amounts of plastic deformation involved. 
The above figures include the results 
obtained;by rolling and wire drawing as 
well as those observed in connection with 
the Charpy impact test pieces. Obviously 
in the latter case the amount of plastic 
deformation can not be very well eval- 
uated. 

On the other hand, it is quite certain 
that the shaded area in Fig. 5, indicating © 
the compositional range of “‘responsive”’ 
alloys, is basically correct. 

Our test data include some molyb- 
denum- and columbium-bearing compo- 
sitions. These two elements do not inter- 


fere with this phenomenon and in some — 


cases might even be beneficial. The mag- 
nitude of hardening due to sub-zero 
plastic deformation is determined by 
the relative metastability of austenite, 
and the latter in turn depends on the 
chemical composition and the relative 
balance of austenite versus ferrite pro- 
moting elements. We have found, that © 
about 70 per cent reduction of the orig- 
inal cross-sectional area, performed at 
temperatures not higher than —100F. 

(—73C.), develops the hardening phe- 

nomenon quite effectively. Some further 

gain follows decreasing cold-working 

temperatures and further work will be— 
required to learn what is the most de- 
sirable range of cold-working tempera- 
ture from the economic viewpoint. 

As of the moment, we still do not know | 
what is the exact nature of the mecha- 
nism of this phenomenon and of the re-_ 
sultant products. 

From our limited investigations, it © 
would appear that no serious damage to 
the corrosion resistance results from the 
processing we have developed. However, 
we recognize that this is a matter that 
needs further and careful attention. 

In conclusion we would like to thank 
Messers. Samans, Shortsleeve, and Binder 
for very interesting remarks regarding 
the subject matter of our paper. 
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= HARDE NEI D ALLOY STEEL FOR SERVICE UP TO 700 F.* 
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This paper describes the properties of two neal: S. A.E. 


By G. V. Smiru,! W. B. SEENs,! AND E. J. Dutts'! 


SYNOPSIS 


4340 neil 0.40 


Carbon Ni-Cr-Mo-V, quenched and tempered to a hardness of Rockwell C 43, 


In the last decade the properties of 
metals for service at temperatures in the 
neighborhood of 400 to 600 F. have be- 
come of increasing importance. Tempera- 
tures of this order are anticipated in an 
increasing number of applications such 
as in parts of aircraft designed to oper- 
ate at very high speed, and in guided 
missiles. In such applications, the alu- 
minum and magnesium alloys, conven- 
tionally employed, rapidly lose strength 
as the temperature is increased, and at- 
tention has therefore turned to other 
alloys. 

There are several means of obtaining 
high strength in ferrous alloys for service 
at moderate temperatures, among which 
are: 

1. Cold Rolling. —In this method chem- 
ical composition is generally a minor 
factor since the strengthening conferred 
by deformation is not markedly affected 
by alloying. The austenitic steels, how- 
ever, do strain-harden more rapidly than 
the ferritic steels, owing to the trans- 
formation of austenite to ferrite (mar- 
tensite) during deformation. Cold rolling 
has the significant disadvantage that it 
develops directionality of properties. 
* Presented at third Annual Meeting of the 
Society, June 26-30 


1 Research Laboratory, United States Steel Corp. of 
Delaware, Kearny. N 


which were tested in tension at 75, 500, 600, and 700 F., in compression at 75 
F., for creep-rupture strength at 500, 600, and 700 F. 
strength within the temperature range 75 F. to —315 F. 


, and for Charpy impact 


2. Precipitation Hardening, as in the 
recently developed stainless W type of 
alloy.” 

Martensitic Hardening——lIn this 
paper the third method of strengthening 
has been considered. At the outset it 
became apparent that very little was 
known as to the particular properties re- 
quired for proper design. It has been 
known for perhaps 25 yr. that at rela- 
tively high temperatures, creep prop- 
erties must be considered, whereas at 
room temperature, the design stress is 
generally based on the results of short- 
time tension tests. The range of tempera- 
ture around 500 F. has not been fully 
explored for steels, so far as we are aware. 
However, it has generally been inferred 
from A.S.M.E. Boiler Code* practice, in 
which permissible working stresses for 
steels are based on creep data only for 
service temperatures of 700 F. or greater, 
that creep is not a design problem when 
using steel at 500 F. Inasmuch as we 
could find no data on the creep properties 
of hardened steel in this temperature 
range, creep-to-rupture tests, as well as 

2 R. Smith, E. H. Wyche, and W. W. Gorr, “‘A Pre- 
cipitation-aardening Stainless Steel of the 18 per cent 
Chromium, 8 per cent Nickel Type,” Transactions, Am. 
a and Metallurgical Engrs., Vol. 167, pp. 313- 


* Boiler Code Committee, Soc. Mechanical Engrs , 
29 West 39th St., New York, N 
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the usual short-time hot tension tests temperature, but not at the elevated tem- 
were made. On the basis of initial tests peratures owing primarily to experimen- 


ae 


tf 


(a) S.A.E. 4340 Steel Quenched to Martensite after 1 hr. at 1550 F., and Tempered 2 hr. at 850 F. 
-— (b) Ni-Cr-Mo-V Steel Quenched to Martensite after 1 hr. at 1600 F., and Tempered 2 hr. at 1050 F. 


Wis bt 
at 500 F., further tests at 600 and 700 F. tal difficulties. Charpy V-notch impact 
were made. tests of the quenched-and-tempered ma- 


Compression tests were made at room terial were made at temperatures down 


1.—Initial Microstructure of Steels. Etched Picral (1000). 


= 
| 
| 
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to —315 F. to determine relative notch 
toughness under various conditions, in- 
cluding the effect of prolonged prior ex- 
posure at 500 F. 
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The Ni-Cr-Mo-V steel was received in 
the form of strips } in. wide from }-in. 
plate which had been rolled from an ex- 


perimental 300-lb. induction furnace heat 


500 F 
150 000 
200 — 
a 600 F 
2 150 000 
200 000 
150 000} 
4 
700 
100 000 i. i i i sisal 
0.001 0.01 Ol 


Li | i Li L = 
. 10 100 
Minimum Creep Rate, per cent per hr. > 


Fic. 2.—Variation of Minimum Creep Rate of S.A.E. 4340 (O——-O) and Ni-Cr-Mo-V (@ @) 
Steels with Initially Applied Stress at 500, 600, and 700 F. 


Steels were initially quenched and tempered to a hardness of Rockwell C 43 at room temperature. 


MATERIALS AND PROCEDURE 


The S.A.E. 4340 steel was received in 
the form of hot-rolled bars, 3 in. square, 
from a commercial electric furnace heat 
reported to have the following check 
analysis: 


0.009 
0.011 
Chromium, per cent...... 0.82 
Molybdenum, per cent aces 0.24 


Specimens were machined oversize, 
heated in cast iron chips (to minimize 
surface oxidation and decarburization) 
to 1550 F. for 1 hr. at temperature, which 
developed an austenite grain size of 
A.S.T.M. No. 8 to 9, then oil-quenched 
to 100 per cent martensite. They were 
tempered in salt at 850 F. for 2 hr. to 
room temperature hardness of Rockwell 


made at Battelle Memorial Institute and 
reported to have the following composi- 
tion: 


0.21 
PROGPROTOES, POT CONE. 0.015 
2.0 


Oversize specimens of this steel were 
machined from longitudinal strips near 
the quarter line of the width and from 
transverse strips from the center of the 
width; they were heat treated as follows: 
packed in cast iron chips, austenitized 1 
hr. at 1600 F., which developed an aus- 
tenite grain size of A.S.T.M. No. 9 to 10, 
oil-quenched to 100 per cent martensite 
(exclusive of undissolved carbides) and 
tempered at 1050 F. in lead for 2 hr. and 
water-quenched to final hardness of 
Rockwell C 43. 


C 43 and air-cooled. _ After tempering, the specimens of both 
yh 


steels were ground to final size. Tension 
specimens were 0.252 in. in diameter for 
testing with 2-in. gage length exten- 
someters. Elongation was measured over 


On HARDENED ALLOY STEEL 


cylinders 0.250 in. in diameter by 1.000 
in. long. Creep-rupture specimens were 
0.200 in. in diameter (size limited by test- 
ing stand capacity) and had 0.8-in. gage 


T 


T | T 


+» 
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200 000 


500 F 


1§0 000 


on 


. 3.—Variation of Time to Rupture of 5.A.E. 
Stress at 500, 


Steels were initially quenched and tempered to a hardne 


000 
a 
a 
© 150 000 
H 200 000 r 
3 ] 
000 
4340 700 F 
@--@ Ni-Cr-Mo-V 
0.1 1.0 10 100 1000 


10000 


Time For Rupture, hr. 


4340 and Ni-Cr-Mo-V Steels with Initially Applied — 
600, and 700 F. 


ss of Rockwell C 43 at room temperature. 


in diameter; elongation reported for 0.8 in. gage. 


only a 1-in. gage length after fracture; 
this corresponds to the elongation of the 
standard 2-in. gage (0.505-in. diameter) 
specimen. Compression specimens were 


100 T T | T T | T T | T 
100 Reduction of A 
3 Elongation 4 
10 
Elongation | 
i 0.1 1.0 10 100 1000 10 000 
Time For Rupture, hr. 
Fic. 4. Variation of Elongation and Reduction of Area of S.A.E. 4340 (O O) and Ni-Cr-Mo Vv 
- @) Steels with Time for Rupture at 500, 600, and 700 F. 
Steels initially quenched and tempered to a hardness of Rockwell C 43 at room temperature. Specimens were 0.20 in. .. 


V-notch impact 


lengths. The Charpy 


specimens were ground from 0.400 to— 
0.394 in. square, and the notch (pre- 
viously milled to a 0.06 in. depth) was 
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ground to a depth of 0.079 in. All Charpy 
specimens exposed at 500 F. were finish 
ground after exposure, except for the 
specimens of S.A.E. 4340 steel exposed 
for 500 hr. or less which were finished 
before exposure. 

The tests were made by routine pro- 
cedure, except in compression for which 
no procedure had previously been estab- 
lished. Since the small size of the com- 
pression specimens prevented direct 
attachment of an extensometer, a high 
magnification extensometer was mounted 
on the columns of the testing machine. 

The specimen was loaded through 


"¥ hardened steel blocks, so that the indi- 


cated strain of the autographic load- 
_ deformation diagram included strain in 
_ the specimen and elastic strain in the 


TABLE I.—SUMMARY OF CREEP TO RUPTURE TEST RESULTS. 


Creep-to-Rupture Tests: 


The results of the creep to rupture 
tests are given in Figs. 2, 3, and 4 and 
are summarized in Table I in terms of 
specific strength criteria commonly em- 
ployed. Figure 2 shows the variation on 
log-log coordinates of the minimum creep 
rate’: * with the initially applied stress. 
With increasing temperature, the de- 
crease in strength with decrease of creep 
rate becomes more rapid in either steel, 
and at the same time, the superiority of 
Ni-Cr-Mo-V is more evident. At 700 F. 
several specimens of Ni-Cr-Mo-V failed 
in the threads, apparently owing to notch 
sensitivity, and only two within the gage 
section. Owing to the loss of specimens 
in tests at 700 F. there were only two re- 
maining for test at 600 F. 


157 000 


S.A.E. 4340 
‘ Ni-Cr-Mo-V°. .. 168 000 


Stress to Cause Minimum Creep 
Rate of 0.01 per cent per hr., psi. 


Stress to Cause Rupture in 
hr., psi. 


500 F. | 


179 000 
179 000 


600 F. | 700 F. 


700 F. 


119 000 
152 000 | 


156 000 
166 000 


117 000 
149 000 


®@ Longitudinal direction of plate. Transverse direction not tested. 


blocks and machine. The specimens 

showed, however, an abrupt yield point, 
_ with deformation under essentially con- 
stant load, so that accurate yield 
strengths could be obtained in spite of 
_ the somewhat indeterminate strain scale. 


RESULTS AND DISCUSSION 


The microstructures of the two steels 
as quenched and tempered to hardness 
of Rockwell C 43 (200,000 psi. tensile 

_ strength) are quite similar (Fig. 1) and 
characteristic of tempered martensite. 
At very high magnification undissolved 
carbides could be detected in the Ni-Cr- 
_ Mo-V steel, especially prior to temper- 
ing. These are characteristic of vana- 
dium-containing steels when austeni- 
tized at relatively low temperatures, and 
are presumed to be vanadium carbide 
(VC). 


The curvilinear relation for log-log 
plotting observed at 700 F. for the vari- 
ation of creep rate, as also for time to 
rupture (Fig. 3), with initial stress in the 
case of the S.A.E. 4340 steel (and pos- 
sibly also for the Ni-Cr-Mo-V steel if 
more data were available) is of interest, 
for it contrasts with the essentially linear 
variation observed at lower temperature 
for this material and in numerous other 
tests in this laboratory for a wide variety 
of steels at different temperatures. Semi- 
log plotting does not result in linear 
variation at 700 F. 


4 The rate of creep in a constant load creep-to-rupture 
test in tension characteristically decelerates during the 
initial stage, then remains substantially constant and 
minimum, and finally accelerates with impending fracture. 
Creep deformation is quite commonly evaluated in terms 
of the stress ‘vu produce a specific minimum-stage creep 
rate, although such practice ignores the creep occurring 
during the initial stage. 

5G. V. Smith, E. J. Dulis, and E. G. Houston, ‘‘Creep 
and Rupture of Several Chromium-Nickel Austentitic 
Stainless Steels,’ Transactions, Am. Soc. Metals, Vol. 42, 
pp. 935-980 (1950). 
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The slope of the plot of time for rup- 
ture versus initial stress increases with 
increasing temperature (Fig. 3), and the 
superiority of the Ni-Cr-Mo-V becomes 
greater. Although at 500 F. both steels 
required essentially the same _ stress, 
179,000 psi., for rupture in 1000 hr., at 
700 F. the Ni-Cr-Mo-V required a stress 
for rupture in this time some 25 per cent 
greater than the S.A.E. 4340 steel, 149,- 
000 and 117,000 psi., respectively. At 
the intermediate temperature of 600 F. 
the difference was less pronounced, 
166,000 against 156,000 psi. 

Figure 4 shows the variation of elonga- 
tion and reduction of area with time to 
rupture. Except in the case of the S.A.E. 


TABLE IL—RESULTS OF SHORT-TIME TENSION TESTS. 
(Average of 2 tests 0.25 in. in diameter) 


little distortion of the grain structure are 
apparent in the long-time fracture; in the 
short-time fracture these cracks are not 
evident and the grain structure is dis- 
torted in the direction of tension. These 
features may be seen by comparison with 
Fig. 1. The short-time fracture is charac- 
teristic of ductile metals at atmospheric 
temperature, that is transgranular, while 
the long-time fracture is characteristic 
of creep deformation involving relatively 
high temperature or relatively slow strain 
rate, that is intergranular. Either type 
may occur at the same temperature de- 
pendent upon the rate of strain. No 
microstructural change, such as spheroi- 


dization, was noted. 


Yield Strength, Tensile Elongation Reduction 
La ty ge Steel | 0.2 per cent Strength, in 1 in., of Area, 
8- offset, psi. | psi. | per cent per cent 
187 700 198 100 14.0 $3.0 
Ni-Cr-Mo-V (Longitudinal)........ 189 900 199 600 17.0 53.5 
ie 5 on Cr-Mo-V (Transverse).. 189 200 198 800 15.0 47.5 
A.E. 4340 ix 155 700 190 800 20.5 59.0 
Ni Cr-Mo-V (Longitudinal). 156 000 184 100 17.0 55.0 
(Transverse). . 157 000 185 400 16.0 49.0 
ae de 146 600 177 200 21.0 64.5 
ES Nin ee Mev (Longitudinal). . 148 800 176 700 18.0 58.0 
Ni-Cr-Mo-V (Longitudinal) ers ; 145 000 169 400 17.5 59.0 


4340 steel tested at 700 F., no marked 
change in ductility was encountered 
within the test limits. In this exception 
the elongation and reduction of area fell 
off significantly beyond some 500 hr.® © 
This decrease was associated with a 
change in the character of the fracture as 
revealed in the photomicrographs of Fig. 
5. These show longitudinal sections at or 
near the fracture, at low and high mag- 
nification, for the S.A.E. 4340 steel after 
fracture in the longest and shortest time 
intervals at 700 F., 1920 and 0.1 hr., 
respectively. Many transverse cracks and 


* A plot of stress versus the ratio of elongation at frac- 
ture to time at fracture, which in all other instances ex- 
amined has been found to be linear on log-log coordinates 
and thus suitable for predicting elongation at rupture, 
was found for these data to be curved in the same manner 
a was the minimum creep rate plot of Fig. 2. 


In connection with the creep-to-rup- 
ture results, it should be pointed out that 
in general it is highly desirable to deter- 
mine the relation between stress and 
total creep rather than simply the mini- 
mum creep rate as shown in Fig. 2. This 
can be conveniently accomplished in 
terms of the intercept deformation as 
described in an earlier publication.’ In 
the present investigation, which was 
undertaken as an exploratory survey, the 
extensions occurring on loading could 
not be determined precisely owing to the 
method of measuring extension by means 
of the displacement of the loading lever,’ 
and to the very large deformations in- 
volved, and are therefore not reported. 

7G. V. Smith, W. G. Benz, and R. F. Miller, “‘Creep 


and Creep-Rupture Testing,” Proceedings, Am. Soc. Test- 
ing Mats., Vol. 47, pp. 615-638 (1947). 
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Fic. 6. 
4340 and Ni-Cr-Mo-V Steels Determined in Short Time Tension Tests at 75, 500, 600, and 700 F. 


Also shown is the stress to cause rupture in 1000 hr. as taken from Fig. 3. Steels initially quenched and tempered to a 


hardness of Rockwell C 43 at room temperature. 


TABLE TESTS 


(Average of 4 specimens) 


Variation of Yield Strength, Tensile Strength, Elongation, and Reduction of Area of S.A.E 


Yield Strength, 


Steel 0.2 per cent offset, 
psi. 
Nie Cr-Mo-V (Longitudinal) 202 200 
201 000 


Ni-Cr-Mo-V (Transverse). 


In several instances the elastic and plas- 
tic extension occurring on or shortly after 
application of load amounted to 2 to 3 
per cent, as a consequence of the very 
high stresses which necessarily had to be 
employed in order to break the samples. 
At the lower temperatures these stresses 
were in most cases not far below the ten- 
sile strength determined in the usual 
short-time tension test. Because of this, 
it appeared that the creep data would not 
be employed in design, and the accurate 


TABLE IV.—RESULTS OF CHARPY V-NOTCH 
IMPACT TESTs. 
(Observed Values in ft-lb.) 
Test Temper- | Ni-Cr-Mo-V 
ature, deg. | S.A.E. 4340 
Fahr. | Longitudinal Transverse 
Ser 28 22 18 
28.5 22.5 18 
23 18.5 
24.5 21 16.5 
24.5 22 18 
23.5 22 17 
22 20.5 
21 20 
18.5 19 
17.5 20 
18 19.5 
—§00......... 16 16.5 14.5 
16 16 (jammed) 
16 16.5 (jammed) 
—200 14 14.5 13.5 
13.5 15 12.5 
13 15.5 12.5 
10 9 
10 
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ABLE V.—RESULTS OF CHARPY V-NOTCH 
IMPACT TESTS AFTER EXPOSURE AT 500 F. 


IN AIR. 
(Observed Values in ft-lb.) 


Test Temper- Exposure Period 


Fahr. None | 220 hr. | 500 hr. | 1000 hr. 
S.A.E. 4340 
28 28 28 27 
28.5 27 27.5 26 
28.5 26 27.5 
11.5 10 10 
10 9 10 ll 
9 10.5 9 | 11.5 
Ni-Cr-Mo-V (Longitudinal) 
75 to 85 22 22.5 26.5 25.5 
22.5 23 23 24.5 
23 25 25 25 
—315... Pe 10 10 9 12 
9 9.5 11.5 13 
10 13 10 (defect) 


determination of the initial strains was 
not undertaken. 


Short-Time Tension Tests: 


The results of the short-time tension 
tests (with good agreement of duplicate 
tests) are presented in Table II and 
plotted in Fig. 6 (longitudinal results 
only). Figure 6 also shows the creep-rup- 
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ture results for comparison; this compari- 
son will be discussed below. With increas- 
ing temperature, the yield and tensile 
strengths of both steels decrease while the 
elongation and reduction of area either 
remain unchanged or increase slightly. 
Although the two steels have essentially 
the same strength at room temperature, 
Ni-Cr-Mo-V steel is slightly superior at 
the maximum test temperature, 700 F. 
Transverse as well as longitudinal tests 
were made at 75 and 500 F. The trans- 
verse properties were essentially identical 
with the longitudinal except in respect to 
the reduction of area which was about 10 
per cent less for the transverse direction. 


Compression Tests: 


The results of the compression tests at 
75 F. are given in Table III. The com- 
pressive yield strength of the S.A.E. 4340 
steel exceeded the tensile yield strength 
by about 5 per cent and approximated 
the tensile strength. For the Ni-Cr-Mo-V 
steel, the compressive yield strength 
slightly exceeded the tensile strength. As 
in the case of the tension tests, the com- 
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pressive offset yield strength corresponds 
to the lower yield point, although in some 
of the tests, the slight drop in load 
beyond the yield point was too small to 
show on the recorder diagram. The dif- 
ference between longitudinal and trans- 
verse directions was only 1 part in 200. 
Excellent reproducibility was obtained in 
the tests of the four specimens of each 
group with maximum variation of only 
500 psi. 

Notch Impact Tests: 

The results of the notch-impact tests 
are tabulated in Tables IV and V and 
are plotted in Fig. 7. There was little dif- 
ference between the two steels at the 
lower temperatures, but at room tem- 
perature the S.A.E. 4340 steel was 
superior to the Ni-Cr-Mo-V steel. At 
— 200 F. the transverse values for Ni-Cr- 
Mo-V steel were only slightly lower than 
longitudinal values, whereas at 0 F. and 
75 F. the directional effect was much 
greater. In all the Ni-Cr-Mo-V speci- 
mens the axis of the notch was per- 
pendicular to the plate surface to reduce 
possible effects of laminations; however, 
no such defects were encountered except 
in one specimen, tested at room tempera- 
ture after exposure to 500 F. for 1000 hr. 
As that specimen appeared to have a 
small crack in the fracture, the test was 
rejected. 

The change of slope of the curve for 
S.A.E. 4340 steel between —50 F. and 0 
F. is not believed to indicate a transition 
temperature range, because there was no 
corresponding change in the appearance 
of the fractured specimens. All fractures 
of both steels had the dull, fine grain, 
smooth texture typical of tempered mar- 
tensite. The side “cup” (so-called due to 
similarity to the cup and cone appear- 
ance in tensile fractures) decreased in 
regular manner with lower test tempera- 
tures. At room temperature the fractures 
were about 65 per cent plane, whereas at 
—315 F. the fractures were over 95 per 
cent plane. 
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The smaller symbols in Fig. 7 indi- 
cate the results of Charpy tests after ex- | 
posure to 500 F. but without differentia- 
tion of the different duration of exposure — 
which may be studied with less confusion — 
from Table V. For the S.A.E. 4340 steel 
there was no significant effect of exposure 
other than a lowering of the over-all 
group average by about 1 ft-lb. at room — 
temperature. For the Ni-Cr-Mo-V steel, _ 
Table V indicates a slight upward trend a q 
in values with increasing duration of ex- _ 
posure for tests at both room tempera-_ 
ture and —315 F. 

The hardness of the specimens was" r 
determined after exposure at 500 F. and 
was identical with that before exposure. 


GENERAL DISCUSSION 


The stresses for rupture in 1000 hr. | 
for both steels, taken from Fig. 3, have | 
been plotted on Fig. 6 for ready compari- 
son with the short-time yield and tensile _ 
strengths. At 500 F. this rupture strength 
is considerably greater than the yield 
strength and not far below the tensile 
strength. Accordingly, it would appear 
that no cognizance need be taken of creep © 
in the design of structures to operate at 
this temperature, at least for periods not 
exceeding 1000 hr., and, most probably, © 
even for very long intervals, since the 
plot of stress versus rupture time is quite 
flat and the creep-rates quite small or 
undetectable. This conclusion is based 
the assumption that stresses in excess of a 
the yield strength would not be em-— 
ployed. 

At 600 F. the stress for rupture in oo 
hr. still exceeds the yield strength for 
both steels, but at 700 F. this stress is - 
some 20,000 psi. less than the yield — 
strength for the S.A.E. 4340 steel, though 
still slightly greater for the Ni-Cr-Mo-V 
steel. Thus as the temperature is in- 
creased to 700 F. the phenomenon of 


creep becomes increasingly important 

and at this latter temperature should be : 
considered for certain applications, at 
least for the S.A.E. 4340 steel. 
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The actual basis of design in any 
specific case must depend upon the appli- 
cation and take into account such factors 
as the expected life and tolerable defor- 
mation. 


SUMMARY 


With increasing temperature, the yield 
and tensile strengths of both steels de- 
creased (Fig. 6). In the case of the Ni-Cr- 
Mo-V steel which was received in the 
form of plate, both longitudinal and 
transverse tests were made at 75 and 500 
F. but little difference in properties was 
detected. Although the two steels were 
of approximately equal yield or tensile 
strength at room temperature, the Ni-Cr- 
Mo-V steel was slightly stronger at the 
highest test temperature, 700 F. With in- 
creasing temperature, the elongation and 
reduction of area in short-time tension 
tests remained substantially unchanged 

or increased slightly. 
In the creep-to-rupture tests, the 
strength, measured either in terms of the 
_ stress to cause rupture in a specific time 
or of the stress to produce a specific min- 
imum creep rate, also decreased with in- 
creasing temperature. With increasing 
_ temperature, the creep-rupture strength, 
as expressed, for example, as the stress to 
cause rupture in 1000 hr., Fig. 6, de- 
eo more rapidly than the yield and 
tensile strengths, and the superiority of 
_ the Ni-Cr-Mo-V steel at the two highest 
test temperatures was more marked than 
’ the short-time tests. In the case of the 
S.A.E. 4340 steel tested at 700 F. this 
stress had fallen 20,000 psi. below the 
yield strength at this temperature, 
whereas for the Ni-Cr-Mo-V steel, it was 
_ still slightly greater. The elongation and 
_ reduction of area fell off sharply for the 
: S.A.E. 4340 steel in the longer creep-to- 
rupture tests at 700 F. (Fig. 4) and the 
: type of fracture changed from transgran- 
ular to intergranular. Many of the Ni- 
Cr-Mo-V steel samples tested at this 
temperature failed at the root of a thread, 
indicating notch sensitivity, and only two 
specimens failed in the gage section; ‘the 


reduction of area and elongation of the 
sample requiring the longer time to rup- 
ture, however, did not show any ten- 
dency to decrease, as with the S.A.E. 
4340 steel. 

Compression tests of the two steels at 
room temperature showed the yield 
strength of either steel to be slightly 
greater (about 5 per cent) than the ten- 
sile yield strength, and in the case of the 
Ni-Cr-Mo-V steel slightly greater than 
the ultimate tensile strength. Tests in 
the transverse direction of this steel 
showed the difference from the longitu- 
dinal yield strength to be negligible. 

Charpy V-notch impact tests from 
room temperature down to —315 F. 
showed gradual loss in toughness with 
lowered temperature (Fig. 7). The two 
steels had similar notch impact strength 
below 0 F, but above this temperature 
the S.A.E. 4340 steel was superior. Tests 
at 75 and —315 F. after exposure at 500 
F. for periods up to 1000 hr. showed no 
effect from such exposure for S.A.E. 4340 
steel and a slight but irregular increase in 
values for Ni-Cr-Mo-V steel. The mini- 
mum Charpy value (V-notch specimen) 
was 9 ft-lb. at —315 F. 

Tests of both longitudinal and trans- 
verse specimens of Ni-Cr-Mo-V steel 
showed the notch impact strength to be 
lower for transverse than for longitudinal 
specimens. 

When it is desired that the design 
stress not exceed the short-time tensile 
yield strength, it would appear that no 
cognizance of creep need be taken for 
these materials for temperature below 
about 700 F., at least for service not ex- 
ceeding 1000 hr., and most probably al 
much longer intervals. ae. 
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Mr. J. W. Freeman.'—I should like 
to ask Mr. Smith one question: Does he 
have any opinion as to how much effect 
the long-time exposure to temperature 
during the test had on the loss of 
strength? That is, was the rather surpris- 
ing amount of creep at these low tem- 
peratures due to loss of strength by 
tempering rather than by creep in the 
ordinary way? 

Mr. C. Evans, Jr.* (by letter) — 
This is an interesting piece of exploratory 
work in a field where there has been much 
conjecture and few facts. Information on 
behavior of highly stressed materials in 
the temperature range of room tempera- 
ture to 1000 F. is always welcome to the 
steam turbine industry and is also appli- 
cable to gas turbine design. For instance, 
in some designs a gas turbine disk with 
a rim temperature of around 1100 F. will 
only be at about 600 F. at the hub where 
the stresses are at a maximum. The idea 
of using so-called ‘“‘ferritic’’ materials 
(such as S.A.E. 4340) for these disks is 
quite attractive from production and 
strategic viewpoints. 

As we see it, neither the S.A.E. 4340 
nor Ni-Cr-Mo-V materials come through 
the authors’ tests with a clean bill of 
health. The S.A.E. 4340 shows a some- 
what alarming decline in rupture strength 
and ductility at 700 F., with attendant 
microstructural cracking. On the other 
hand, the Ni-Cr-Mo-V material held up 
well in strength at 700 F. for the two 
specimens which fractured in the gage 
length, but most of the specimens were 
lost by cracking through the threads. 
The authors indicate that this may be 

1 Research Engineer, Dept. of Ragineering Research, 


University of Michigan, Ann Arbor, Mich. 
2 Chief Metallurgist, Elliott Co., Jeannette, Pa. 
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due to notch- sensitive behavior. 
practically all engineering structures 
have “notches” (for example, the pine 
tree blade fastening of a turbine disk) 
this phenomenon is quite alarming. 

We have been doing some work on 
stress rupture of notched specimens of 
superalloys, using the specimen shown in 
Fig. 8. This specimen produces a known 
degree of triaxiality in the test—approxi- 
mately 1.47 as defined by Sachs, Lubahn, 
and Ebert* as the ratio of the rupture 
strength with a notch (based on nominal 
area beneath the notch) to the rupture 
strength without notch. 


Since 


It is suggested 
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0.005 Rad. 
Notch 5x Actual Size 
344-10 


-2"Gage Length Threads 


‘0.50520.002" 
D+0.003" To 0.005" 
5" 


R?D 


Fic. 8.—Notched Bar Specimen, 

that comparison rupture tests with a 
specimen of this type would be a better 
criterion of notch sensitivity than the 
observation that standard specimens 
failed in the threads, since undoubtedly 
the threads were not made to any known 
radius. 

The authors do not suggest any ex- 
planation for the microstructural crack- 
ing which is apparently the cause of the 
decline in rupture strength and ductility 


8G. Sachs, J. D. Lubahn, and L. J. Ebert, ‘“‘“Notched 
Bar Tensile Test Characteristics of Heat Treated Low 
Alloy Steels,’’ Transactions, Am. Soc. Metals, Vol. 33, 
p. 340 (1944). 
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of the S.A.E. 4340 at 700 F. It has been 
suggested that this may be due to oxida- 
tion effects. If so, the point could be 
quite readily established by running some 
tests under nitrogen atmosphere. 
Messrs. G. V. Smita, W. B. SEENs, 
AND E. J. Dutis (euthors’ closure).—In 
exploration of the question raised by Mr. 
Freeman as to whether the test materials 
softened during test as a result of addi- 
tional tempering, we have measured the 
hardness in the plastically undeformed 
- Shoulder section of the specimen of each 
steel tested for the longest time at 700 F. 
The Ni-Cr-Mo-V steel which broke in 680 
hr. at this temperature had a shoulder 
hardness of 441 DPH (diamond pyramid 
hardness) compared with an initial hard- 
ness of 428 DPH; the 4340 steel after 
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of heat treatment, 


DIscuSSION ON HARDENED ALLOY STEEL 


rupture in 1920 hr. had a shoulder hard- 
ness of 420 DPH compared with an initia] 
value of 428 DPH. In either case, the 


change is probably not significant. Since 
these steels undergo secondary harden 


ing, and thus may exhibit a relatively 
complex tempering behavior, a complete 
answer to Mr. Freeman would require 
the study of the effect of time as well as 
of the influence, if any, of stress and 
plastic deformation on the tempering re- 
action. 

Mr. Evans’ comments do not appear to 
require reply. As he recognizes, our work 
was of an exploratory nature, and much 
additional testing of these steels as well 
as others, especially in other conditions 
is to be desired. 
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<FFECT OF TEMPERATURE ON THE MECHANICAL PROPERTIES, 
CHARACTERISTICS, AND PROCESSING OF AUSTENITIC 
STAINLESS STEELS* 
By V. N. Krivopox! anp A. M. Tarzor? 

In this paper are presented the results of investigations dealing with the 
processing (such as rolling) of commercial austenitic stainless steels at sub- 
zero temperatures showing that such processing enhances the mechanical 
properties and improves other characteristics of the steels. The latter were 
represented by the most popular grades such as A.I.S.I. 301, 302, 304, 310, 
and 347. 

The mechanical properties at sub-zero and at elevated temperatures were 
determined for steels rolled according to normal practice (at room tempera- 
ture) and for steels rolled at sub-zero temperatures. The effects of sub-zero 
and of elevated temperatures on the properties at room temperature were 
also determined. 

The uncovered improvement in ductility characteristics, under conditions 
of sub-zero temperatures, of steels strengthened by rolling is discussed in 
terms of its relation to the forming process. 


An early study of the influence of sub- 
zero-temperatures on the properties of 
certain steels was that of Colbeck, Mac- 
Gillivray and Manning (1).* These steels 
included chromium-nickel steels in the 
quench-annealed condition. They ob- 
served that as low temperatures were ap- 
proached (from room temperature down 
to —290F.) the tensile strength was 
prominently increased, the yield point 
improved (although to a lesser degree 
than tensile strength), and ductility gen- 
erally lowered. These observations have 
been confirmed by more recent investiga- 
tions. The lowering in ductility, that is, 

* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

1 In Charge, Stainless Steel Section, Development and 
Research Division, The International Nickel Co., Inc. 
New York, } 

a}Research Laboratories, The International Nickel 
Co., Inc., Bayonne, N. 


The boldface numbers in parentheses the list 
of selesonees appended to this paper, see P. 


elongation in 2 in. and reduction of area, 
was influenced by the cgmposition of 
each stainless steel tested. In fact, in the 
case of one steel, namely, that with 12.25 
per cent chromium and 16 per cent 
nickel, both elongation and reduction of 
area at —290 F. were somewhat higher 
than at room temperature. The impact 
properties of the steels remained on the 
high level, showing no presence of brittle- 
ness that is characteristic of carbon and 
low-alloy steels. 

The Monograph on “Alloys of Iron 
and Chromium” (2) reports the work of 
de Haas and Hatfield, also of Russell and 
co-workers: both investigations uncov- 
ered the same phenomenon—a substan- 
tial increase in tensile and yield strengths 
as the testing temperatures were lowered 
er to —355 F. and —40 F. In 
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a the first instance the increase in tensile 
7 _ strength was more than 250 per cent 

while that in yield strength was only 100 
cent. 


vious findings—increased strength, both W 
static and dynamic, retention of satisfac- s' 
tory ductility and toughness at tempera- c 
tures as low as — 306 F. (the lowest tem- 
iat é 
we 


) 
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S. J. Rosenberg (3) also studied the 
effect of low temperatures on the proper- 
ties of several ferrous and non-ferrous 
alloys. Quite recently a comprehensive 
study of the various mechanical proper- 
ties of stainless steels at sub-zero tem- 
peratures was presented by McAdam, 
Geil and Cromwell (4). Both of these 
_ valuable contributions substantiated pre- 
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Weight, per cent Ni ————e 


Am — Metastable Austenite 

As —Stable Austenite 

Fo — Delta (High Temp) Ferrite 

e C— Carbide 
P— Pearlite 


Fic. 1.—Phases After Rapid Cooling from Temperatures of Maximum y (0.1 per cent C) (Metals 
Handbook, 1948 Edition, p. 1261). 


perature studied by McAdam and his 
co-workers). 

In all of the above cited work, most of 
the mechanical testing was carried out on 
steels which were rendered “‘soft’”’ and 
ductile by a previous quench-annealing 
heat treatment. In a few instances cold- 
worked steels were included in the in- 
vestigations (Rosenberg, McAdam, et al.) 
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with substantially the same results as 
summarized above. It is to be noted that 
cold working of the steels was accom- 
plished at room temperature, and only 
testing was done at temperatures below 
zero. 

The effect of mechanical working at 
room temperature has been well studied 
and need not be described here. Com- 
paratively little work has been done on 
the possible effect of exposure to sub- 
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Fic. 2.—Cross-Section of Fe-Cr-Ni System at 
70 per cent Fe. From “A Study of the Iron-Chro- 
mium Nickel System” by J. W. Pugh and J. D. 
Nisbet, Journal of Metals, Vol. 188, No. 2, p. 272 
(1950). 


zero temperatures. Such studies would 
obviously include the determination of 
mechanical! properties before and after 
the steels in question were subjected to 
the influence of extremely low tempera- 
tures for various lengths of time. 
Chromium-nickel stainless steels of 
standard compositions are, essentially, 
alloys of iron, chromium and_ nickel. 


While it is true that carbon, even in small 
amounts, has a marked influence on the 
structural constituents that can be de- 
veloped in chromium-nickel stainless 
steels by appropriate heat treatments, 
the main characteristics of these steels 
are adequately presented by the ternary 
system Fe-Ni-Cr (5) as shown in Figs. 
1 and 2 (cross-section of the same system 
at 70 per cent Fe) (6). The observation 
of immediate interest to this work is 
that all of the chromium-nickel stainless 
steels, rapidly cooled from temperature 
of “maximum gamma” (austenite, 0.1 
per cent C), are represented, at room 
temperature, by metastable austenite. The 
use of the word “metastable” is deliber- 
ately chosen. It denotes the fact that 
such austenite is not a phase in a physico- 
chemical sense because it does not main- 
tain its identity and characteristics 
under all conditions of heat or mechanical 
treatment. The metastability of aus- 
tenite (sometimes referred to as ‘‘in- 
stability”) is relative—that is, the 
chemical composition of austenite af- 
fects its tendency to be transformed into 
ferrite by mechanical means at room 
temperature, or without mechanical 
means by merely lowering the tempera- 
ture. Published data on the latter possi- 
bility is not abundant. But even from 
the scant data, we know that structural 
and phase changes in the least stable 
austenite may be brought about by expo- 
sure to low temperatures. 

There is some evidence, for example, 
that when a commercial alloy of type 301 
stainless steel was held at —320 F. for 
a considerable length of time, it showed a 
noticeable increase in its magnetic perme- 
ability. 

Earlier experiments conducted by one 
of the authors (7) on experimental and 
commercial alloys of iron, chromium, 
and nickel showed, conclusively, that it is 
possible to produce, by selection of an 
appropriate analysis and heat treatment, 
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an austenite of such low degree of sta- 
bility that it would transform if subjected 
to low temperatures. In other words, it 
can be proven that “low stability” 
austenite can be produced by quenching 
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increasing contents of nickel (alloys H ch 
and K) in otherwise essentially the same 
composition, no hardening effects by low sil 
temperatures are observed and no change 
in magnetic properties takes place. 


ROPERTIES OF NICKEL BEARING 18 PER CENT CHROMIUM STEELS. 


TABLE I. ti OF SUB-ZERO TEMPERATURE TREATMENT ON HARDNESS AND M sown 


After Krivobok and Gensamer (7). 


| 


Main Alloy Composition, | 
per cent | 


Rockwell Hardness 


Magnetic® 
Characteristics 


Heated to 1850 F. 


| Heated to 2300 F. 


Heated to 2300 F. 


Air 
Cooled 
and Cold 
Treated 

(—320 F 


| | 


Air 


moe S&S NO SOND 


oe 


Water 
Water 
uen- and Co 
ched | Treated Quenched 
(—320 F.) 


26C 
31C 
48C 
44C 


28C 
35C 


| Water 

\Quenched 

and Cold 


| Water | 
Water Quenched | 
Quen- | and Cold | 
ched Treated | 
(—300 F.)| 


17C 
44C 


22C 


M = Magnetic 
N.M. = Non-magnetic 
S.M. = Slightly magnetic. 


from elevated temperatures and that 


such austenite remains unchanged at 
room temperature: when submersed into 
liquid air (or even that of carbon diox- 
ide) it undergoes fast decomposition, ac- 
- companied by various degrees of harden- 
ing. 

This observation is illustrated by al- 
loys E, F, and G to be found in Table I. 
Upon rapid cooling from high tempera- 
tures, these alloys have hardness char- 
acteristics of austenite in stainless steels 
and are practically non-magnetic (per- 
meability between 1.003 and 1.06). Upon 
being subjected to the temperature of 
liquid nitrogen, the hardness of these 
alloys is appreciably increased while a 
readily detectable increase in magne- 
tism is noted. As the stability of austenite 
is raised,—and it is effectively done by 


Errect oF HoLpINnG AT Sus-zERo TEM- 
PERATURES ON THE PROPERTIES, AT 
Room TEMPERATURE, OF STANDARD 
AUSTENITIC STAINLESS STEELS 


To study the effect of exposure to low 
temperatures on the properties of stand- 
ard chromium-nickel stainless steels, 
several such steels were tested. Room 
temperature tests of samples exposed 
to temperatures down to —105 F. fur- 
nishes conclusive data that holding as 
long as 100 hr. at that temperature pro- 
duced no adverse change in the tensile 
properties of stainless steels either an- 
nealed or cold worked. These data are 
shown in Table II. This is true even in 
the case of the least stable type 301 
which previously had been mentioned as 
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changing its magnetic properties at 
—320 F. Table LI gives the compo- 
sitions of these steels. 

Other supplementary experiments 
show that annealed stainless steel types 
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with the impact characteristics of type 
304 are reproduced in Table IV. 

Since a change in mechanical proper- 
ties would be as readily detected by im- 
pact testing as by tension tests, we may 


TABLE II,—EFFECT OF HOLDING AT SUB-ZERO TEMPERATURES ON TENSILE PROPERTIES. 


Tensile Properties 


Condition 


Treatment Prior to Testing 


Yield 
Strength 
0.2 per cent 


Tensile 
Strength, 
i 


Elongation 
in 2 in., 
per cent 


offset, psi. | 


Annealed 
Annealed 
Annealed 
Cold rolled 
Cold rolled 
Cold rolled 
Cold rolled 
Cold rolled 
Cold rolled 
Annealed 
Annealed 
Cold rolled 
Cold rolled 
Annealed 
Annealed 
Cold rolled 


Cold rolled 


None 
None 
100 hr. 
None 
None 
100 hr. 
None 
None 
100 hr. 
None 
100 hr 
None 


100 hr. 


35 000 


at 


at —105 F. 
at —105 F. 


-at-105F. 
at —105 
None 
100 hr. at —105 ‘as 
None 
100 hr. at —105 att, | 


Norte.—All the above tests were carried out on standard 0.5 in. wide samples of 0.023 to 0.030 in. thickness. All 
tests were performed at room temperature. 


140 000 
139 000 


347 137 000 


TABLE III.—CHEMICAL COMPOSITION OF MATERIALS TESTED. 


Composition, per cent 
Material Stock _ 


Carbon 


Man- | citican | Nickel | 


ganese | 


Commercial annealed type 301 
Commercial full hard type 301 ¥s 
Commercial half hard type 301 1 
Commercial annealed type 302 
Commercial half hard type 302 
Commercial annealed type 347 
Commercial half hard type 347 

Type 301 used for sub-zero rolling. . 
Type 301 used for sub-zero rolling 
Type 302 used for sub-zero rolling 
Type 302 used for sub-zero rolling 
Type 302 used for sub-zero rolling... . 
Type 304 used for sub-zero rolling... 
Type 304 used for sub-zero rolling... 
Type 347 used for sub-zero rolling 
Type 347 used for sub-zero rolling . 
Type 310 used for sub-zero rolling ... 
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302, 304, and 310 undergo no change in 
their room temperature impact proper- 
ties even though they may be subjected 
for a considerable length of time to ex- 
tremely low temperatures such as are 
encountered at —320 F. Data concerned 


accept the above as additional evidence 
that mere exposure to low temperatures, 
within the ranges studied, does not 
adversely affect the room-temperature 
properties of commercial austenitic stain- 
less steels, either quench-annealed or 
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| 
301 119 000 
301 129 000 73 
301 | 156 000 31 
301 114.000 | 155 000 250 
301 115 000 162 000 32 
301 184 000 | 208 000 4 
301 175 000 | 210 000 14 
301 170 000 210 000 15 y k 
000 67 — 
302 000 62 
000 14 
302 000 2 
302 000 14 
000 490 
347 000 
000 8 
000 
f 
»- | Colum- 7 
7.13 | 17.87 > 
7.13 | 17.5 
9.15 | 19.03 | .... - 
9.15 | 19.03 | .... 
9.90 | 17.69 | 0.59 - 
9.90 | 17.69 | 0.59 + 
7.45 17.66 
9.95 | 17.88 | .... 
9.48 | 18.10 | .... 7 
| 11.17 | 17.74 | 1.00 ra 
10.64 | 18.01 | 0.78 i 
20.87 | 24.44] .... 
| 


cold worked. The composition of these 
steels, that is the amount of alloying ele- 
ments, is such as to insure retention of 
metastable austenite under a range of 
temperatures, probably even consider- 
ably lower than those investigated. 


EFFECT OF SUB-ZERO TEMPERATURES 
AND MECHANICAL WORKING ON THE 
PROPERTIES OF STAINLESS STEELS 


Above we discussed the separate ef- 
fects of either mechanical working or ex- 
posure to low temperatures. The purpose 
of the experimental work, described in 
detail on the following pages, was to 
TABLE IV.—EFFECT OF HOLDING AT SUB-ZERO 

TEMPERATURES ON IMPACT STRENGTH AT 
ROOM TEMPERATURE? 

yong 4 of steel: 0.06 per cent C, 9.80 per cent Ni 

17.9 per cent 


Heat Tresimants 1800 F., water quenched. 
Samples: Charpy, standard keyhole notch. 


Temper- Impact 
Condition of Samples ature of Values, ~—- 
| Testing ft-lb. 

As Quenched Room | 80 to 97 None 
30 min. at —320 F. Room | 90 to 91 None 
—320 F. | 71 to 73 None 
6 months at —320 F. Room | 83 to91 | None 
—320 F. | 72 to75 | None 

12 months at —320 F. Room 82to89 None 
—320 F. | 73 to 77 None 


@ From T. N. Armstrong and A. J. Miller, “Notched 
Bar Impact Properties of Some Nickel Steels After One 
Year Exposure to Liquid Nitrogen,”’ delivered at the Na- 
tional Conference on Petroleum Mechanical Engineering 
held by the American Society of Mechanical Engineers, 
Tulsa, Okla., October 7 to 9, 1946. 
ascertain the combined effects of work- 
ing and sub-zero temperatures (down to 
—320 F.) on the decomposition of aus- 
tenite, that is, on its mechanical proper- 
ties. To accomplish this the processes of 
rolling of such shapes as sheets, or draw- 
ing of the wire, were carried out while the 
metal was refrigerated lo a desired tem- 


perature. 
ay 7 oF 
Processing Details: 


Annealed sheets of the various types, 
subsequently rolled either at room' or 
sub-zero temperatures, were sheared into 
1-in. wide strips. The strips were cut so 


‘ Rolling at room temperature was to provide a basis 
for comparison. 
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that all rolling would be in the direction 
of the original rolling. The strips were 
cut into lengths which would yield suf- 
ficient material after rolling from which 
the tension specimens could be machined. 
All burrs were removed and the ends 
beveled to permit easy entry between the 
rolls. The thickness of the strips, which 
varied from 0.100 to 0.134 in., was meas- 
sured and the thickness to which each 
was to be rolled was calculated. 

The rolling was done on a two-roll 
mill, the rolls being approximately 5 in. 
in diameter and having a face of 6 in. 
During the rolling, the rolls were ad- 
justed so that the thickness was reduced 
from 0.005 to 0.008 in. in each pass. 
During roiling at room temperature, no 
attempt was made to control the tem- 
perature of the specimens. This decision 
was deliberate in order not to deviate 
from established practice. The strips 
which were rolled at —105 F. and at 
—320 F. were placed in the liquid baths 
of the corresponding temperatures. After 
the strips had been cooled to the bath 
temperature (approximately 5 to 10 
min.) they were quickly removed indi- 
vidually and quickly given one pass 
through the rolls. After measuring the 
thickness, they were again immersed in 
the bath and cooled to the rolling tem- 
perature. This process was repeated until 
the desired thickness was obtained. No 
attempt was made to extract the heat 
from the samples as they were being 
rolled because of the obvious complexity 
of the necessary equipment. Another 
reason was the possibility of damage to 
the rolls if the latter were cooled to these 
low temperatures. The most valid reason, 
however, was the realization that the 
heat developed within the sample during 
each pass would certainly exceed any 
effect from contact of chilled samples 
with unchilled rolls. It was believed that 
the temperature rise from the time the 
material was removed from the bath un- 
til it entered the rolls was not great, be- 


if 
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cause each pass was completed within 10 
sec. of the time the strip was removed 
from the bath. Comparative samples of 
the same gage (original) were rolled 
down in the same number of passes. 
Thus, while, admittedly, each rolling 
pass raised the temperature of the sample 
to an unknown degree, this circumstance 
accompanied rolling of each sample and 
the results are held to be comparable. 
Two baths were used for cooling to 
—105 F.: one bath consisted of dry ice 
and alcohol, and the other was made up 
of dry ice, chloroform, and carbon tetra- 
chloride. Liquid nitrogen was used as a 


TABLE V.—EFFECT OF WIDTH ON ELONGATION. 


Stainless 
Steel Type and 


Specimen 
Processing 


| Thickness, 
Strength, 
Elongation 


302—Rolled 
at room 
temperature 


» 
2 
. 3 
» 4 
5 
6 
7 
» 


room tem- 


301—Rolled at 
perature 


-12 


0.071) 256 000 
257 000 


room tem- 


| 304—Rolled at 
perature 


cooling bath for the samples rolled at 
— 320 F. 

As was summarized above, the tensile 
properties of ferrous alloys including 
stainless steels are considerably higher at 
sub-zero temperatures. This circum- 
stance is responsible for the greater power 
required of the rolling equipment when 
rolling is done by first refrigerating the 
steel to the desired sub-zero temperature. 
In attempting this processing, therefore, 
proper attention must be given to the 
matter of required size and power of the 
rolls or other working equipment. 


Test Specimen and Effect of Inherent 
Variables in Testing Technique: 


The tension tests on steels in various 
conditions of processing were carried 


out, as shall be described below, at three 
temperatures, namely, room (about 78 
F.), —105 and —320F. For tests at 
room temperature, standard specimens 
of $-in. wide test sections were used. For 
the lower temperatures tension speci- 
mens, the width of the gage section had 
to be reduced to 2 in. and in a few cases 
even less. This precaution was necessary 
in order to cause failure to occur within 
the gate length: the higher rate of strain 
hardening at sub-zero temperatures 
strengthened the }-in. wide gage section 
to such an extent that failure would 
occur in the shank because the latter, 
being at room temperature, was weaker 
than the reduced section. This necessary 
reduction in the gage section raised the 


TABLE VI.—EFFECT OF SMALL CHANGES IN 
ROLLING TEMPERATURE. 


Cold Reduction and 
Temperature of Rolling 


(at —320 F.), 


psi. 
2 in., per cent 


Tensile Strength 


Elongation in 


2553 
2553 


320 000 
310 000 
304 000 
297 000 | 27 
295 000 28 


40%—Room tempera- 
ture 

40%—212 F. 
2672 | 40%—Room tempera- 


| ture 
| 2672 | 40%—140 F. 


question as to the possible effect of the 
width on the results of the tests, primar- 
ily elongation. To obtain factual data, a 
series of samples were machined to vari- 
ous widths of gage section. The tests were 
conducted at —320F. and the results 
are summarized in Table V. 

The above information furnishes defi- 
nite proof that the test results secured on 
samples of gage width within the above 
limits (no smaller or wider specimens 
were used in this investigation) are 
strictly comparable. 

As has already been mentioned, the 
rolling of certain specimens was done at 
“room temperature,” that is, without 
prior refrigeration; these specimens were 
needed to furnish a basis of comparison 


t 
— 
0.372|0.070| 289 000 | 35.0 
||0.374/0.070| 291 800 | 37.0 
||0.375/0.070| 291 100 | 37.0 
|!0.4900.071| 290 600 | 38.0 
'\0.490/0.071 288 600 | 37.5 
0.071] 288 900 | 39.0 
No. 0.260}0.070 300 000 | 26.0 
No. 302 000 | 27.0 301....... 
| 
0 +. 
= 
} 
| 
@ 
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As would be expected, some change in the 
values for tensile strength or elongation 
was noted as the result of the above vari- 


possibility of small changes in the tem- able, but this change can be considered, 
as will be seen later, quite minor com- 


: peratures of the samples caused by 
299,000 psi at 40% Reduction 


between rolling at room and sub-zero 
temperatures. Since this experimental 
rolling was done at various times, the 


284,000 psi at 40% Reduction © 


4 
e —— Rolled at Room Temp. 
——Rolled at -320F. 
/ 
/ 
/ 
| 1 Type 30/ | Type 302 
200 000} -+++++— + 
| | 
a ' 
| 
| 
/ 
2 | j 
= / 
/ 
150 000 ] 7 
Fa 
/ 
i! 
Type 3/0 
h 
f/ 
| —" 20 40 0 20 40 0 20 40 
aliens Reduction in Thickness by Rolling, per cent 
Fic. 3.—Effect of Rolling Temperatures on Tensile Strength of Types 301, 302, and 310 Stainless 
™ Steel 
eel. 


rolling could not be excluded. To ascer- pared with that induced by sub-zero 


tain the effect, if any, of small changes in __rolling.® 


rolling temperature, several specimens — 

, at 7 6 An interesting paper by Lincoln and Mather (8) was 
were rolled ae 10 (room temperature), made available since the start of this investigation. In 
140, and 212 F. The results obtained and this paper is recorded the same trend as in our work. 

However, our results show lesser influence of 140 and 
reproduced in Table VI are considered 212 F. than the results of Lincoln. It is possible that the 
difference in analysis of the studied steels are responsible 


normal for the conditions of the test. for the lack of complete agreement on experimental values. 


. 
\ 


In some cases, considerable time 
elapsed between rolling and testing. The 
possibility that room temperature “ag- 
ing” may be taking place had to be con- 
sidered. In Table V, specimens Nos. 
1 and 2 were tested within one week of 
rolling. Specimens Nos. 3 and 4 were 
held, deliberately, for two months before 
testing. Thus, it is shown that no aging 
took place at room temperature. 


Effect of Rolling Temperature (from 70 F. 
down to —320 F.) on the Tensile 
Properties of Stainless Steels at Room 
Temperature: 


Following the procedure of rolling at 
three different temperatures at which 
various samples were refrigerated, ten- 
sion specimens were prepared and tests 
in tension were carried out at room 
temperature. These results have been 
assembled in tabular form.® The general 
conclusion, discussed later in detail, is 
this: the sub-zero temperatures of rolling 
have a marked effect on the ensuing 
mechanical (tensile) properties. The 
steels selected for testing, namely, com- 
mercial types 301, 302, 304, 310, and 
347 represent various degrees of ‘‘austen- 
ite stability,” a term already used. The 
improved mechanical properties obtained 
in these steels by mechanical rolling are 
governed by the rate of work hardening 
which is controlled by the chemical com- 
position of the alloy in question—in 
other words, by the degree of stability of 
its austenite. This is, of course, well 
known from our experience with the 
rolling of these steels at room tempera- 
ture. The stability of austenite in the case 
of any single stainless steel is decreased 
as the temperature is lowered, and it is 
for this reason that as mechanical work- 
ing is applied at these sub-normal tem- 
peratures, the rate of hardening in- 


* This table contains a complete record of all tests dis- 
cussed in this paper and is, therefore, quite voluminous. 
Since coperounss data from this table is presented in 
graphical form elsewhere in the paper, it seemed advisable 
not to include the table in the Paper, thus saving con- 
siderable space. Copies of the table are available upon 
request to the authors. 
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creases. It follows, therefore, that rolling 
the steels at sub-zero temperatures pro- 
duces substantial increases in the tensile 
properties and hardness over those that 
are developed in sheet samples of similar 
steels by rolling to the same amount of 
reduction but at room temperature. The 
magnitude of increase depends on the 
initial stability of the austenite. The in- 
fluence of temperature of rolling was 
much more pronounced in types 301, 302, 


é 30! 
250 000}— 


200 000}-— 


150 000} 


Tensile Strength, psi 


80 0005 


20 40 60 
Reduction in Thickness, per cent 


Fic. 4.—Comparison of Tensile Strengths De- 
veloped in Various Stainless Steel Grades by 
Rolling at —105 F. 


and 304 than in type 310. It was also 
noted that although maximum increase 
was obtained when rolling was con- 
ducted at —320F., the percentage im- 
provement was greater in going from 
room temperature down to about —105 
F. than from the latter down to —320 F. 
Figure 3 presents a summary of this 
observation on three types of stainless, 
steels of different degrees of austenite — 
stability, namely, type 301, 302, and ~ 
310. 


 - 
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_ In the case of type 301 stainless steel, 

_ rolling to 40 per cent reduction in thick- 
ness at room temperature (common prac- 

_ tice) and at —320 F. resulted in an in- 
crease in tensile strength of this steel of 
a about 50 per cent from about 200,000 
4 psi. to 300,000 psi. Ty pes 302 and 304 

_ showed about the same increase, that is 
from 160,000 psi. to 250,000 psi. Type 
310, when rolled the same amount and 
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reduction which, as stated, was carried 
out at —105 F. Only one value was 
obtained for type 305 as can be seen 
from the figure. 

In Fig. 5 are shown graphically the 
differences in tensile strength of various 
types of stainless steels when rolled with 
the same amount of reduction in thick- 
ness, one set at room temperature and the 
other at —320 F. 


120 000 


a 
= 
= 
c 
= 
wo 
2 
c 
c 
ov 


10 


Reduction, per cent 


Pa, Fic. 5.—The Increase in Tensile Strength in Various Standard Stainless Steels Developed by Rolling 
at —320 F. as Compared to the Same Amount of Reduction at Room Temperature. 


_ under the same rolling temperatures, in- 
creased in room tensile strength only 


quite pronounced at —105 F., other 
steels were tested after rolling at this 

: temperature. A summary of data on the 
level of strength that —105 F. rolling 
can develop in a number of common 
austenitic stainless steels is shown in 

_ Fig. 4. Here are recorded experimental 

- values of tensile strengths in various 
Ps Stainless steels when the latter were 
rolled to 20 per cent and 40 per cent 


Higher levels of strength than cited 
above were obtained by rolling 60 per 
cent of reduction in thickness. With this 
heavy reduction, the practical limit of 
rolling for type 301 was approached. In 
fact, these samples were unsuitable for 
testing due to excessive edge cracking. 

Numerous data on the yield strength, 
proportional limit, etc., obtainable by 
sub-zero processing have been assem- 
bled.® 

The study of experimental values for 
proportional limit would indicate that 
only in types 301 and 302 one might 
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expect noticeable improvement. More 
stable alloys, type 310 for example, 
showed negligible improvement. In view 
of the experimental difficulties associated 
with determination of proportional limit 
at sub-normal temperatures on sheet 
samples, the values for such properties 
are difficult to obtain with the desired 


as developed by the described rolling at 
sub-zero temperatures is of considerable 
interest, even more promising is the 
study of the effect of low-temperature 
rolling on the relative ductility of the 
investigated steels. Under standard prac- 
tice of rolling, that is at room tempera- 
ture, the high strength of stainless steels 


—320F. 


4 re 
250 000 


Tensile Strength, psi 


8 


9 


' 


Ww 


Elongation, per cent 


100 000 


Reduction in Thickness by Rolling, per cent 


Fic. 6.—Tensile Strength and Elongation of Type 302 Stainless Steel Rolled at 70, —105 and 
—320 F., Tested at 70 F. 


accuracy. It seems wise to speak in terms 
of the “range” of elastic properties 
rather than individual values. 

Modulus of elasticity is decreased 
when rolling is done below room tem- 
perature rolling, much in the same man- 
ner as in case of standard, room temp- 
erature rolling. 

Although the improvement in strength 


is accompanied by relatively low ductil- 
ity—as would be expected. 

In the case of sub-zero rolling the in- 
crease in ductility for a given level of 
tensile strength is made quite clear by 
the plot of experimental values for ten- 
sile strength and ductility versus per- 
centage cold work as has been done in 
Fig. 6 in the case of type 302 steel. 
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A commercial heat of type 302 of the 
typical analysis was rolled in the manner 
described above, that is at three differ- 
ent temperatures. The tensile strength 
and elongation developed at each stage 
of reduction in thickness were plotted. 
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a desired strength takes much less reduc- 
tion at sub-zero than at room tempera- 
ture. 

To make this conclusion quite clear, 
pertinent data are assembled in Table 
VII. In the left column of this table are 


TABLE VIIL—EFFECT OF SUB-ZERO ROLLING. 


Tensile Strength Level, 170,000 psi. 


Correlation: Tensile Strength of 170,000 psi., 
Required 


(Arbitrarily Selected) equi: 
Corres- | Corres- 
: Rolling nding Reduction, | Rolling nding 
Temperature Temperature | Elongation,| Te™perature | “Der cent’ | Temperature 
in per cent per cent 
48 Room 7.0 Room 53 Room 6.0 
23 —105 F. 20.0 —105 F. 25 —105 F 15.0 
15 —320 F 25.0 —320 F. 18.3 —320 F. 22.0 


Rolled at -105 iar | L 


Rolled at Room Temp 


| 
ve psi 130 OOO psi 
| 
| | | 
| “ 
50 ¢ 
H 
30 
NT 5 
20 
10 
20 40 20 
0 20 40 


Reduction in Thickness, per cent 


Fic. 7.—Relation Between Yield and Tensile Strengths of Type 302 Cold Rolled at Room and 
Sub-Zero Temperatures. 


Let us assume, for example, that it is de- 
sired to have the product of about 
170,000 psi. tensile strength. From Fig. 
6 one can easily see that sub-zero rolling 
to the desired tensile strength produces a 
material with much improved ductility. 
Another observation, is that rolling to 


found values for the elongation and per 
cent reduction in thickness taken from 
Fig. 6. The data under the heading 
“Correlation” were secured independ- 
ently, while developing information on 
other properties of sub-zero rolled stain- 
less steels. In the latter case a steel of 
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the same type as 302, but of slightly dif- 
ferent actual analysis was used. The 
approximate percentage of “required” 
reduction to produce a tensile strength 
of 170,000 psi. was read from Fig. 6. 
Then samples of the second steel were 
rolled to these reductions and subse- 
quently tested to determine tensile 
strength and elongation. The two inde- 
pendent tests are obviously in good 
agreement. We accept these and other 
results as a satisfactory proof of our 
observation that at a given level of 
strength better ductility is provided by 
sub-zero working. 

In many structural assemblies the 
stress calculations are based either on 
ultimate strength or on the yield strength 
of the material in question. Values for 
yield strength are, therefore, of con- 
siderable importance, and their deter- 
mination in variously processed steels 
was included in this investigation. 

In Fig. 7 are plotted the values for 
yield strength (average, 0.2 per cent 
offset), tensile strength, and elongation 
for type 302 stainless steel processed 
under various conditions, that is rolled 
a desired amount at room temperature, 
at —105 F. and at —320 F. Several in- 
teresting observations can be made. One 
of them is that the spread between yield 
strength and tensile strength in the case 
of rolling at room temperature is con- 
siderably smaller than when the steel is 
rolled either at —105 F. or —320 F. In 
other words, under conditions of sub- 
zero rolling the resultant product pos- 
sesses a spread between yield strength 
and tensile strength that we usually 
associate with steels in which high 
strength values are induced not by cold 
rolling, but by heat treatment. Assuming 
that stress calculations will continue to 
be based either on tensile strength or 
yield strength equal to two-thirds the 
tensile strength, whichever is the lowest, 
the steels with the characteristics of those 


rolled, shall we say at —105 F., should 
be favored by the designer and stress 
analyst. 

Let us assume for example that the 
design calis for yield strength of 130,000 
psi. This value of yield strength corre- 
sponds to a tensile strength of 170,000 
psi. of steel rolled at —105 F. and dis- 
cussed in connection with Fig. 6. It is 
easy to see from the data fn Fig. 7 that 
this yield strength corresponds to a 
tensile strength of about 149,000 psi. 


TABLE VIII.—TYPE 302 STADE STEEL ROLLED 
AS INDICATED. 


‘orre- 
ox nding 


Rolling Temperature Tensile 


in the steel rolled at room temperature 
and to a tensile strength of 190,000 psi. 
in the steel rolled at —320F. At the 
same time, and this is worthy of atten- 
tion, the ductility of each stee] remains 
practically the same. Table VIII sum- 
marizes the data. 

Detailed data on steel, type 304, of 
another analysis have been secured® 
which show that steel of this type be- 
haves somewhat similarly to type 302; 
apparently the ratio between yield 
strength and tensile strength in types 
301, 310, and 347 is influenced by the 
marked difference in the stability of the 
austenite in these steels. 

The improvement in ductility as the 
result of the lowering of the rolling tem- 
perature takes place in types 302, 304, 
and 347—from among the investigated 
steels. It is our opinion that it would also 
be found in type 316. Only a few “spot” 
checks showed that we may expect it in 
type 305. The improvement does not 
take place—at least to a marked degree 
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—in the more stable grade such as type 
310 and in the /east stable grade such as 
301, except, in the latter case, at fairly 
high levels of tensile strength. In the 
case of type 301 (at 230,000 psi. tensile 


KRIVOBOK AND TALBOT 


finds in the frgure the elongation values 
at each of the working temperatures for 
tensile strengths of 160,000, 175,000, and 
230,000 psi. for stainless steel types 301, 
302, 304, 310, and 347. 


Tensile Strength 
160,000 psi. 


Tensile Strength 
175,000 psi. 


Tensile Strength 
230,000 psi. 


Elongation in 2in., per cent 


=) 


‘N 


-300 -200 -100 +100 


-300 -200 


Rolling Temperature, 


-100 O 


+100 
deg. Fohr. 


-300 -200 -i00 O +100 


Fic. 8.—Effect of Rolling Temperature on Elongation of Various Types of Stainless Steels at 
Constant Tensile Strengths. 


Tensiie Strength 160000 psi 


Tensile Strength 175 OOO psi 


Tensile Strength 230000 psi 


| 


Reduction, per cent 


-300 -200 -100 


+100 -300 -200 -100 O 


+100 


Rolling Temperature, deg. Fahr 


Fic. 9.—Effect of Rolling Temperature on Per cent Reduction Required to Give Constant Tensile 
Strengths. 


strength) there appears to be an optimum 
in ductility at rolling temperatures close 
to —100 F. 

A summary of information showing 
what ductility may be expected in several 
standard stainless steels rolled to arbi- 
trarily selected values of tensile strength 
is given in Fig. 8. More specifically, one 


As can be seen, the levels of ductility 
of the several stainless steels decrease as 
the austenite of such steels becomes more 
stable. This is due in part to the greater 
reductions necessary to produce a given 
tensile strength. However, it is believed 
that the more stable materials are apt 
to have comparatively lower ductilities 
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even when given the same amount of 
cold reduction as the less stable steels, 
but at rolling temperatures which would 
result in equal tensile strength. Thus, 
rolling types 347 and 302 approximately 
31 per cent at —55 F. and +35 F., re- 
spectively, would develop a tensile 
strength of 160,000 psi., but the more 
stable alloy type 347 would have an 
elongation of 11 per cent as compared 
with 17 per cent for type 302. 

An important conclusion which we de- 
rived from the present studies, and 
which was already mentioned, should be 
emphasized. This is that as the tempera- 
ture of rolling is lowered, the amount of 
reduction required to produce a given 
tensile strength is decreased and by 
quite a substantial amount. In certain 
operations, as for example, wire drawing, 
this observation might be of considerable 
importance. 

Interestingly enough, all types of 
stainless steels which we investigated 


follow this rule regardless of the degree of 
stability of austenite. The summation of 
experimental data pertaining to this 
observation is shown in Fig. 9. 


Effect of Sub-Zero Rolling on Hardness: 


The values for hardness obtained 
through rolling at sub-zero temperatures 
are higher than the hardness of steel 
rolled at room temperature (with the 
same amount of reduction). A summary 
of the experimental data is given in Fig. 
10, where the hardness values are com- 
pared on the basis of the same total 
amount of deformation. As in the case 
of the tensile properties, the increase in 
hardness is controlled by the stability 
of the austenite, that is the chemical 
composition of the alloys. It is to be re- 
alized, however, that in the case of aus- 
tenitic stainless steels the hardness and 
tensile properties are not simply related. 
Rockwell “C” hardness up to 55, which 
was obtained by sub-zero rolling in types 


Pad 
2 


301 and 302, cannot be obtained in these 
steels by ordinary rolling. 


Effect of Stress-Relieving Treatment: 


Previous work (9) established the bene- 
ficial effect of the so-called low-tempera- 
ture heat treatment on the properties of 
austenitic stainless steels rolled at room 
temperature. It was logical, therefore, to 
inquire about the mechanical properties 
of steels rolled at sub-zero temperatures 
when such steels are given a subsequent 
stress relieving heat treatment. The ob- 
tained data are reproduced in Table IX.’ 
In all (except a few cases of small 
amounts of rolling, that is less than 20 
per cent) the yield strength values are 
improved. The improvement is influ- 
enced by the analysis of the steel and the 
processing. The difficulties associated 
with the determination of proportional 
limit are considerable, and while actual 
values may vary from test to test the 
results do show a real trend for an in- 
crease in proportional limit. Increase in 
tensile strength is to be noted. The effect 
on ductility is small; if anything, in a 
few cases the ductility seems to be 
slightly lowered. 

It is felt that these results are indica- 
tive of what may be expected from the 
stress relieving of steels processed under 
various conditions of temperature and 
rolling reductions. 


PROPERTIES AT SUB-ZERO ‘TEMPERA- 
TURES OF VARIOUSLY PROCESSED 
STAINLESS STEELS 


Introduction and Information on Pro- 
cedure: 


As was mentioned in the introduction 
to this report, considerable information 
has been published on the effect of test- 
ing temperatures, including those below 
normal, on the mechanical properties of 


austenitic stainless steels. Most of the 
7 Additional data are discussed later in the paper under 
the heading “‘Effect of Prolonged Exposure at Elevated 


Temperatures on the Mechanical Properties at Room 
Temperature,” see p. 926. 
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TABLE IX.—EFFECT OF SHORT-TIME AGING ON PROPERTIES AT ROOM TEMPERATURE. 


Material 


Conditions of Rolling* 


Subsequent Heat Treatment 


Propor- 
tional 


Limit, psi. 


As received 


None 


18 000 


Yield | Tensile 
psi. | psi. 


Strength, | Strength, 


Elonga- 

tion in 2 

in,, per- 
cent 


f 


10% at R.T. 
10% at —105 F. 


10% at —320 F. 


None 
550 F—24 hr. 
None 
550 F.—24 hr. 
550 F.—24 hr. 


19 000 
24 000 


21 000 
24 000 


26 000 


120 000 
119 500 


153 000 
142 000 


155 000 


20% at R.T. 
20% at —105 F. 


20% at —320 F. 


None 
550 F.—24 hr. 


None 
550 F.—24 hr. 


None 
550 F.—24 hr. 


21 000 
26 000 


22 000 


139 500 
146 000 


206 000 
193 500 


236 000 
241 000 


40% at R.T. 
40% at —105 F. 


40% at —320 F. 


None 
550 F.—24 hr. 


None 
550 F.—24 hr. 


None 
550 F.—24 hr. 


186 000 
194 000 


273 000 
276 000 


295 000 
309 000 


wo 


60% at R.T. 


60% at —105 F. 


None 
550 F.—24 hr. 


None 
550 F.—24 hr. 


236 000 
242 000 


318 000 
316 000 


awn 


As received 


None 


38 000 90 000 


14% at —105 F. 


None 
550 F.—264 hr. 


97 000 
97 000 


139 000 
131 500 


20% at R.T. 


20% at —320 F. 


None 
550 F.—24 hr. 


None 
550 F.—24 hr. 


105 000 
102 000 


124 000 
143 000 


124 500 
121 000 


189 000 
186 000 


40% at R.T. 
40% at —105 F. 


40% at —320 F. 


None 

550 F.—24 hr. 
None 

550 F.—24 hr. 


None 
550 F.—24 hr. 


144 000 
155 000 


192 000 
221 000 


227 000 
255 000 


162 500 
172 000 


225 000 
236 000 


250 000 
260 000 


aa 


60% at R.T. 
60% at —105 F. 


60% at —320 F. 


None 
550 F.—24 hr. 


None 
550 F.—24 hr. 


None 
550 F.—24 hr. 


166 000 
182 000 


259 000 
273 000 


295 000 
306 000 


189 000 
202 000 


264 000 
280 000 


299 000 
307 000 


ne Wo 


60% at R.T. 


60% at —320 F. 


None 
550 F.—2 hr. 


None 
550 F.—2 hr. 


161 500 
182 000 


192 000 
200 500 


278 000 
297 000 


273 000 
| 286 000 


wa lee 
ies 


60% at R.T. 


60% at —320 F. 


None 
800 F.—1 hr. 


None 
800 F.—1 hr. 


141 000 
160 000 


169 000 
177 000 


202000 | 214 000 
217 000 292 000 


co 


Nw nw 


* R.T. = room temperature. 
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22000 | 21800 | MM | 
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Fic. 10,—Per cent Total Reduction versus Hardness of Various Stainless Steels Rolled at Room and 
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Fic. 11.—Tensile Properties of Annealed $ Hard and Full Hard of Type 301 at Indicated 
_ Temperatures. (Holding Time at Temperatures: 1 hr. ¢, 100 hr. o). 
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On EFFECT OF 


available data, however, pertains to the 
steels after the latter were subjected to 
the quench-annealing heat treatment. 
The desire for additional information on 
the effect of testing temperatures below 
zero on the properties (more specifically 
ductility) of variously processed (cold- 
rolled) steels was the purpose of this 
part of the investigation. 

As in the work described above, the 
steels selected were of a different degree 
of austenite stability, but all were se- 
lected from the available standard types 
of austenitic stainless steels. 

Rolling of the steels was done at room 
temperature and at two sub-zero tem- 
peratures: —105 and —320 F. Most of 
the testing to determine the influence of 
test temperatures were carried out at 
—105 and —320F. Occasional “spot 
checks” at —60 F. were made on com- 
mercially rolled steels. To ascertain the 
possibility of the influence of time at 
temperature, a number of tests were car- 
ried out after the samples were subjected 


to sub-zero temperatures for 1 hr. and 
100 hr. 


Tests to Determine the Effect of Tempera- 
ture on Tensile Properties: 


Complete and detailed data have been 
assembled but not reproduced here in 
detail.® To illustrate the general effect 
on tensile strength, the pertinent values 
are summarized (for type 301) in Fig. 11. 
It is to be noted that commercially cold- 
rolled grades, designated in the figure as 
+ H and Full Hard? follow the general 
rule for ferrous alloys, namely, that ten- 
sile strength is increased as the tempera- 
ture of the test is lowered. The same is 
true of stainless steel type 302 (Fig. 12) 
and type 347 (Fig. 13). It is to be noted, 
however, that in all three cases the rela- 
tive (or percentage) increase in tensile 
strength at sub-zero temperatures as 
against that at room temperature is less 


8 For definition of “‘half-hard,’’ “full-hard,’’ etc., see 
Steel Products Manual, Stainless and Heat Resisting 
Steels, Am. Iron Steel Inst., Section 24, p. 81. 
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in the case of cold-worked than armealed 
steels, and furthermore this increase 
seems to be less as the stability of the 
austenite becomes greater (compare, for 
example, the data for 301 and 302). 
This observation was further checked 
by experimentally rolling in the labora- 
tory of standard type 302 (at room 
temperature) at reductions of 20, 40, 
and 60 per cent of the original thickness. 


gation of Annealed Material, per cent 


Change from Tensile 


Strength or per cent Elon 


20 40 ~~60 
Reduction (Rolled at Room Temperoture), per cent 


Fic. 14.—Per cent Change in Tensile Strength 


and Elongation from Annealed Material to that 


Rolled 20, 40, and 60 per cent and Tested 
Either at Room Temperature or —320 F. 


These tension specimens were then 
tested at room temperatureand at —320F. 
In Fig. 14 are plotted the percentage 
increase in tensile strength and the per- 
centage decrease in ductility as we go 
from annealed material to one with 20 
per cent reduction, the second with 40 
per cent reduction, etc. As can be seen, 
the effect of additional (greater) rolling 
is more pronounced under conditions of 
room temperature testing. 

The same observation holds true in the 
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case of type 347. In fact, limited data 
would indicate that the influence of the 
test temperature is even more pro- 
nounced. At room temperature the dif- 
ference in tensile strength between an- 
nealed and 3 hard steel is about 60,000 
psi., but at-—105 F. it is a bit under 
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totally unexpected in ferrous alloys: 
it (the ductility) actually goes up as the 
temperature of the test goes down. Fur- 
thermore, the increase in ductility is of 
very considerable magnitude, as can be 
readily seen from the data recorded on 


\/4in. Segments of 2in. Gage Length ° 


4 Room Temp 
70 \ + 
Anneoled / \ | 
60 \ 
/ / \ 
50 \ 
4 
| 
30 _\4 led of Experimentally 
Cold Rolled Material Shown Below 
-/O5F 
c 
to 154 000 psi. Tensile 
00 Strength N Room Temp 
| 
10 vii — 
50}— — 
-320F. 
- > 
30 Experimentally Rolled 
to 156 OOO psi. 
Tensile Strength ~~ 
20 
| 
A /4 3/4 11/4 1-1/2 1-3/4 2 


V4 V2 34 | 1-14 1-1/2 1-34 2 


Fic. 17.—Distribution of Elongation in Type 347 Stainless Steel Tested at Various Temperatures, — 


20,000 psi. Thus, there would be rela- 
tively little advantage in the use of cold- 
rolled austenitic stainless steels at sub- 
zero temperatures if the purpose of such 
use was to provide high strength. An- 
other and most interesting observation, 
however, must not be _ overlooked, 
namely, that ductility of the more stable 
cold-rolled types of stainless steels (such 
as 302 and 347) behaves in a manner 


ductility at temperatures slightly lower 
than normal or room; shall we say be- 
tween room and 0 F. Then, as the hen 
perature is further lowered, these steels — 
follow the usual pattern and the ductil- 
ity goes down, still remaining, however, 
not too far below that possessed by the 
steels at room temperature. 

An idea of what may be expected i ™ 


@ 
| 


the way of mechanical properties of the 
more commonly used stainless steels 
(types 302 and 304) when such steels 
are tested at either room or sub-normal 
temperatures is presented in Fig. 15. 
In it are plotted the results of numerous 
tests for tensile strength and elongation 
of types 302 and 304, either annealed or 
cold rolled (in a standard manner at 


and subsequently, considerable work > 


was done on the distribution of elonga- __ 


tion as measured over the standard 2-in. 
tension specimen, using as a unit of 
length (gage length) values of 0.25, 0.10 


Tested at Room | 
—— Temperoture 
Tested ot OF 
Tested at -60F 
Tested at -I05F 000 psi. 


Type 302 
Rolled to 


Tensile Strength 


Tensile Strength | —-— Tested at -320F 
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WwW 
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“qin. Segments of 2 in. Gage Length 


Fic. 18.—Distribution of Elongation of Cold-Worked Types 302 and 347 at Various Sub-Zero 


Temperatures. 


room temperature) and tested at —320 
F. A few tests conducted at —105 F. 
are also included. It is to be seen that the 


experimental values plainly show the . 


important combination of high strength 
and toughness as the tests are conducted 
at —105 and at —320 F. Although the 
full testing program was not carried out 
in the case of types 310 and 347, a few 
“spot checks” would enable us to pre- 
dict the same behavior for these two 


types. 
Distribution of Elongation: Room Tem- 
perature versus Sub-Zero Testing: 


A standard measure for ductility, 
namely, per cent elongation in 2-in. 


or even (0.01 in. In the present studies we 
used a gage length of 0.25 in., thus meas- 
uring the distribution of elongation over 
the 2-in. length specimens at eight 
points, 0.25 in. apart. Interesting ob- 
servations are recorded in Figs. 16, 17, 
and 18 for types 302, 347, and 301 steels. 

For the quench-annealed (soft) types 
302 (Fig. 16) the pattern of elongation 
distribution is essentially the same at 
room and at sub-zero (—105 F.) tem- 
peratures. This pattern is that of a 
sharp maximum at or close to the final 
fracture which then gradually diminishes 
toward the ends of the gage length. 
Even at the ends of the 2-in. gage length 


the ductility is high, this ductility, how- . 
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gage length, gives us an average stretch, . ; ev 
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ever, dropping off when the steel is tested 
at —105 F. 

In the case of cold-worked steels, how- 
ever, the pattern of distribution of 
elongation is much altered by the tem- 
perature of the test. When the testing of 
such steels is done at room temperature, 
practically all elongation (stretch) is 
confined to that portion of the sample 
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Similar elongation patterns are also 
found in the case of type 347 (Fig. 17). 
Again, type 347 cold rolled, either ex- 
perimentally in the research laboratories 
of The International Nickel Co., Inc. 
or by standard commercial methods, 
show that, when tested at room tem- 
perature, by far the largest proportion of 
the so-called ductility is confined to the 


| 
BO 
Tested at Room Temp. 
bested ot -/O5F. 
\ ai 
Worked 
we wee," | Tested at Room Temp 
1% 2 % % 1 1% t% 1% 2 


in. Segments 


Fic. 19.—Distribution of Elongation in Annealed and Cold Worked Type 301 Tested at Room and 
Sub-Zero Temperatures. 


which contains the ultimate “break.” 
Even a short distance away from the 
break the elongation is down to low 
values, obviously indicating that the 
location of the initial plastic “necking” 
determines the location of the final 
“break.” At sub-zero temperature of 
testing (in this case —105 F., Fig. 16) 
we observe that maximum elongation at 
or near the “break” is the same as that 
in the sample tested at room tempera- 
ture. But, a very considerable elonga- 
tion—the actual measurements show 30 
per cent or so—is found .through the 
whole gage — of the tension test 
specimen. 


of 2 in. Gage Length 


region of the final break—with very poor 
ductility registered only } or at the most 
3 in. away from the break. The same 
steels tested at either —105 or —320 F. 
show plentiful ductility distributed 
throughout the full gage length. 

The results of additional studies, dur- 
ing which specimens of cold-rolled types 
302 and 347 were tested at gradually 
decreasing temperatures, that is starting 
at room, then at 0, —60, —105 and 
finally at —320 F. (a different steel, but 
rolled to about the same tensile strength), 
are summarized in Fig. 18 and show how 
the distribution of elongation is affected 
by gradually lowered temperatures. In 
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the case of type 302, it is evident that 
testing at 0 F. materially improves the 
ductility; further lowering of the test 
temperature to —60 F. merely tends to 
distribute the elongation more evenly 
throughout the whole gage length. It is 
interesting to note in this connection 
that the average per cent elongation in 
2-in. gage length for tests at —60, —105, 
and —320 F. is for all practical purposes 
the same, namely, 38, 37.5, and 36 per 
cent. 

In the case of type 347, however, 
lowering of the test temperature to 0 F. 
produces no alterations in the distribu- 
tion, although greater “peak” is found 
at the break. A marked change is noted 
only when the temperature of the test is 
lowered still further, that is, to —60 F. 
Additional improvement seems to occur 
at —105 F. Thus, the optimum con- 
ditions for ductility and its distribution 
are obviously governed by the analysis 
of the steel. Undoubtedly, the amount of 
cold working (rolling) given to the steel 
prior to testing would also influence its 
characteristics, ductility-wise, at various 
sub-zero temperatures. 

That the analysis of the steel has a 
marked influence is further illustrated by 
the studies of type 301. In the case of 
this steel, characterized by a high rate 
of work hardening, lowering of the test 
temperature injures the ductility of 
quench-annealed steels (Fig. 19). Fur- 
ther, the ductility of cold-rolled 301 is 
little improved by lowering of the test 
temperature from room to —105 F. 
Tests performed at a still lower tempera- 
ture, namely, —320 F., show the detri- 
mental effect of suchlow temperature on 
ductility. 


Why Improved Ductility at 
Temperatures? 


Sub-Zero 


The above described factual observa- 
tions should be explained. It would be 
superfluous to state, merely, that at sub- 
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zero temperatures “standard” elonga- 
tion on 2-in. gage length is greater. In the 
first place it is not so in the case of the 
quench-annealed material. Secondly, not 
only the maximum elongation, that is 
at theoretical ‘“‘zero gage length,” is 
affected, but, as we described, the dis- 
tribution of elongation in cold-rolled 
steels is altogether different. We must 
conclude that lowering of the test tem- 
perature affects in some manner the 
stretching process. Certain postulations 
will be necessary. The simplest explana- 
tion of improved ductility at sub-zero 
temperatures and, what is more im- 
portant, its distribution, can be based 
on the effect of low temperatures on 
work hardening during plastic deforma- 
tion. 

It is quite possible that uniform 
elongation on the stress-strain curve 
(flow curve) is affected by the difference 
in the magnitude of strain hardening 
due to the difference in the temperature 
of the tests—room and below zero. 
This can be ascertained from a com- 
parison of the true stress-strain curves, 
one conducted at normal (room) and the 
other at sub-zero temperature. It is 
believed, however, that it is the behavior 
of the metal as the necking-down point 
is approached that determines the re- 
sultant elongation and its distribution. 
The point where “necking” begins is, 
for all practical purposes, that point on 
the stress-strain curve where the effect 
of strain hardening, or more precisely, 
its rate becomes equal to the rate at 
which the true stress is increased, since 
the area in this specific location on the 
specimen is being continually reduced 
due to flow (deformation) under con- 
stant load. This should be visualized as 
follows: let us assume that at the moment 
of the beginning of necking the constant 
load is P and the area A. The stress is 


A - psi. As soon as even fractional necking 
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takes place, the area becomes A-a and 


the 
h stress 


P 
greater than 7 But at the same time 


, where is, of course 


A-a 


resistance to deformation (through strain 
hardening which took place in the plastic 
range) is increased S to S,. If 


S,—S is greater thon = then the 


A-a’ 
deformation of the tensile test specimen 
will continue to be uniform, because 
strain hardening is more than com- 
pensating for the increase in stress caused 
by reduction of area at the point of neck- 
ing. This is the first alternative. If the 
reverse is true, that is, the increase in 
stress due to reduced cross-sectional area 
is greater than the resistance to further 
deformation brought on by strain 
hardening (second alternative), the de- 
formation will be confined locally, and 
will exhibit a sharp peak at the location 
of initial necking and final break. In the 
latter case, to state it somewhat differ- 
ently, strain hardening of the material is 
not powerful enough to counteract the 
increased applied stress. 

It is established that strain hardening 
of austenitic stainless steels by mechani- 
cal means is accompanied by transforma- 
tion to ferrite and proceeds at a gradu- 
ally lowered rate. This is illustrated, for 
example, by the fact that the relation 
of tensile strength versus amount of cold 
working (per cent reduction in total 
thickness) is not a straight line but 
one with a gradual decrease in slope. 
Thus, when samples of cold-rolled, that 
is already strain-hardened, stainless 
steels are tested at room temperature 
further strain hardening due to the just 
described deformation of the test sample 
corresponds to the second alternative, 
that is this strain hardening ts not suf- 
ficient to stop local deformation, the cause 
of which is decreased area and thus 
increased stress. One would expect pre- 
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cisely the kind of distribution of de- 
formation as we find in the case of cold- 
rolled stainless steels tested at room 
temperature. 

Previous discussion and numerous 
data presented at the beginning of this 
paper show that the rate of strain 
hardening and accompanying ferrite for- 
mation® is greater when straining by me- 
chanical means is carried out at certain 
low temperature ranges, the range de- 
pending on the composition of the steel. 
In type 302, for example, the strain 
hardening at —320F. is about twice 
as great as at room temperature. Thus, 
the cold-rolled specimens tested at —320° 
F. might or should behave in accordance 
with the first alternative—as indeed the 
results indicate they do. Deformation 
continues to be quite uniform and high 
until the strain hardening ability, even 
at sub-zero temperatures, is exhausted, 
and any further elongation occurs locally 
until final breaking of the sample. 

It is interesting to study in this con- 
nection Fig. 18 in which are summarized 
the results of deformation distribution 
and deformation “at the break” at five 
temperatures, from room down to —320 
F. for types 302 and 347. Note two dif- 
ferent patterns to be found within certain 
ranges of temperature. The local elonga- 
tions (at the break) are quite comparable 
when type 347 is tested at room or at 
0 F. A sharp change occurs in the pattern 
of distribution as the temperature of the 
test is further lowered. Much the same 
observation is evident in the case of 
type 302. 

Of much interest to note in connection 
with the above studies is that the uni- 
form elongation is directly applied in 
evaluating the forming characteristics 
of the steels. On the basis of our obser- 
tions it could be predicted that cold- 
rolled stainless steels when refrigerated 


* Magnetic measurements, proving this statement, will 
be presented in the future. As yet, they are incomplete. 
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to the proper degree would form better 
under certain but not all forming 
processes, such for example as bending, 
dimpling or stretch forming. This was 
actually found to be the case. An 
illustration of it will be found in Fig. 20. 

The patterns of deformation distribu- 
tion in the case of annealed steels tested 
at room or sub-zero temperatures are 
alike, except for actual values. That this 
should be so is reasonable. When an- 
nealed steels are tested at sub-zero 


Sample No. 1. 
Bent at 775 to 800 F. 
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Sample No. 2 
Bent at room temperature. 


of its extent can — ” given by the 
spread between the yield strength and 
tensile strength. The cohesive strength 
of a material is approximated by the 
true breaking stress, commonly referred 
to as breaking strength. Sheet specimens 
used throughout this investigation are 
not easily adapted to measure breaking 
strength. In order to do so, material in 
the form of rod was tested (the results 
are included with the other detailed 
data). The relative change in the rate 


Sample No. 3 4 
Bent at temperature of dry ice. 


Fic. 20.—Bending of Cold-Rolled Stainless Steel at Various Temperatures. 


temperatures they exhibit such high 
strength that certain lowering of ductility 
is to be expected. 

The observed difference in the dis- 
tribution of elongation may also be 
explained as follows: There are two 
_ fundamental properties (or characteris- 
tics) in austenitic type stainless steels 
that tend to change with temperature. 
It is the relative change in these two 
characteristics that determine primarily 
the ductility. One characteristic is the 
rate of work hardening which affects the 
resistance of a material to slip. The other 
is a fundamental concept of cohesive 
strength or resistance to rupture. The 
rate of work hardening is the increase in 
strength as a result of a uniform de- 
formation and is generally well described 
by the true stress-strain curve. The idea 


of work hardening and in the cohesive 
strength as well as the actual values 
may be used to explain the behavior of 
a material in regard to ductility in the 
light of the experimental evidence pre- 
sented above. The data show that the 
breaking strength increases materially 
at sub-atmospheric temperatures and 
decreases rapidly immediately above 
atmospheric temperatures. The rate of 
change is approximately the same 
whether the steel is in the quench- 
annealed or cold-rolled condition. In the 
case of work-hardening of annealed mate- 
rial, however, there is a strong tendency 
for it to increase at sub-atmospheric 
temperatures with the actual amount 
varying widely from one material to 
another, and at elevated temperatures 
it is decreased, but not at a rapid rate 
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within the range studied. The relative 
change of these two properties may 
account for the changes in ductility of 
any particular alloy and any particular 
temper. Work hardening, as was already 
stated, increases resistance to slip and 
should, therefore, decrease ductility as 
measured by elongation, but an increase 
in breaking strength counteracts this 
tendency by resisting fracture until fur- 
ther elongation has taken place. This 
means in its most simple concept that if 
the rate of work hardening is high in 
relation to cohesive strength of the 
metal (breaking strength), the elonga- 
tion will be low while if the opposite is 
true the elongation will be high. These 
factors of cohesive strength and rate of 
work hardening are both a function of 
composition and temperature as can be 
shown by a close examination of the 
changes in ductility of all materials 
tested. 

In annealed materials, the work- 
hardening factor is dominant at both 
room and sub-atmospheric temperatures, 
which is borne out by the very rapid 
increase in tensile strength that has been 
observed. It is to be remembered from 
previous discussions that when mechani- 
cal working and low temperatures are 
simultaneous factors the rate of work 
hardening is much increased. It would 
also be expected to be more pronounced 
in alloys of low austenite stability, since 
transformation to ferrite should in effect 
cause an increase in the rate of work 
hardening. It will be noticed that this 
is exactly the case. Type 301 annealed 
stainless steel showed the largest loss of 
ductility, and this loss was observed at 
temperatures immediately below room 
temperature. The pattern of distribution 
is practically unchanged as the tempera- 
ture of the test is lowered, indicating 
again the predominant influence of work 
hardening. With type 302 quench-an- 
nealed sheet material, as well as type 347, 


both more stable austenitic alloys, there 
was first an increase in ductility in lower- 
ing the temperature to 0 F., and then a 
decrease (Figs. 12 and 13). Distribution 
of elongation at 0 F. is much more even. 
This would indicate that greater stabil- 
ity of the alloys allow the increased co- 
hesive strength (induced by decreasing 
the temperature to OF.) to be the 
dominant factor. As the temperatures of 
the test are further decreased, the work 
hardening factor again becomes greater 
with a resulting decrease in ductility. 
The cold-rolled or “hard” stainless 
steels are worked in processing, and when 
tested at room temperature show, there- 
fore, a relatively low degree of ductility. 
A circumstance also to be remembered is 
the fact that their ability to be further 
work hardened (while being tested) is 
reduced. In fact, there is a definite limit 
to the amount of hardening that can be 
effected by working in the case of stain- 
less steel of any particular composition. 
Obviously this limit is lower in relatively 
more stable austenitic materials than in 
those which readily undergo austenite- 
ferrite-carbide transformation on work- 
ing. It can be reasoned, therefore, that 
the results of the testing of cold-worked 
stainless steels at sub-atmospheric tem- 
peratures are affected not so much by 
the rate of work hardening, which is 
limited, but by the fact that at sub-zero 
temperatures the cohesive strength 
(breaking strength) increases very 
rapidly. This increase cohesive 
strength, we believe, causes the cold- 
rolled steels to resist fracture until con- 
siderably greater plastic deformation 
throughout the whole gage length has 
taken place than would be possible at 
room temperature. The more stable is the 
austenite in the general type of 18 per 
cent chromium—8 per cent nickel steels 
and the greater the previous cold work- 
ing, the more effective should be the 
tendency to show relatively increased 
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ductility at low temperatures. This is 
exactly what has been observed. The 
hard tempers of type 302, whether tested 
in the form of rod or sheet, and also type 
347 displayed much increase in ductility 
at sub-atmospheric temperatures. Type 
301, cold rolled to the so-called full 
hard temper, shows some little improve- 
ment in ductility. Less cold-rolled stock 
of this same steel showed practically no 
improvement. If we recollect the large 
work-hardening capacity of type 301, es- 
pecially at sub-zero temperatures, and if 
we accept that the index of work hard- 
ening is indicated by the spread between 
yield strength and tensile strength, then 
it will be observed that correlation be- 
tween this index and the changes in 
ductility is quite good. 


MECHANICAL PROPERTIES OF QUENCH- 
ANNEALED, COLD-WORKED AND SUB- 
ZERO-ROLLED STAINLESS STEELS AT 
ELEVATED TEMPERATURES 


3 


a A number of applications of stainless 
steels, both in the quench-annealed and 
cold-worked conditions, call for service 
within the temperature range from about 
300 F. to 700 F. or even 800 F. In some 
of these applications the conditions of 
service are intermittent, that is the in- 
stallation or part of it will be at tempera- 
ture a relatively short time and then cool 
f. off to normal or air temperature. For 
example, certain parts near a power plant 

of an airplane represent such service 
What would be the effect of 
such intermittent exposure, different as 
or FF, to the time of exposure at elevated tem- 
‘- peratures, on the properties of stainless 
_ steels when such properties are deter- 
mined either at the temperature of 
exposure or after cooling down to 


@ 


samples of types 301, 302, and 347 steels 
available in the quench-annealed, cold- 
worked (rolled at room temperature) 
and sub-zero-rolled conditions were held 
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at temperatures of 300 F., 500 F., 800 F. 
or 1000 F. for either 1, 100 or 500 hr. 
and tested at corresponding tempera- 
tures. In addition, test pieces from the 
same steels were cooled rapidly to and 
tested at room temperature, to ascertain 
if any changes in the properties of the 
steels have been induced by such rela- 
tively long exposures as 100 and 500 hr. 
to all temperatures previously men- 
tioned. 


Tests at Temperature—Mechanical Prop- 
erties After One Hour of Holding Time: 


Examination of the results for type 
301 (Fig. 11) shows that for all three 
tempers (annealed, half hard, and full 
hard)® there is a continuous decline in 
tensile strength with increasing tem- 
perature. Interestingly, the most pro- 
nounced effect of increased temperature 
is noted in the annealed material in the 
range of temperatures between 75 and 
300 F. In fact, the effect of temperature 
in the range from 300 to 800 F. is prac- 
tically negligible in the annealed ma- 
terial. The more cold-worked tempers 
showed much less influence of tempera- 
ture from 75 to 300 F. The decrease in 
tensile strength of the cold-worked 
tempers appears to be more or less linear 
with increasing temperature (from 75 to 
800 F.). 

The yield strength,’ which is truly 
more indicative of the load-carrying abil- 
ity of the material, is less affected by 
temperature but does not behave in the 
same manner in all three tempers. The 
annealed material shows a gradual de- 
crease with increasing temperature, 
which is the expected trend. With the 
harder tempers the decrease in yield 
strength with increasing temperature is 
greater the greater the amount of pre- 
vious cold work. This is, also, we believe, 
as it should be. 


10 The experimentally determined values for yield 
strength are not plotted in Figs. 11 to 13 (in order not to 


confuse the reader). These va lues are available in the de- 
tailed data ref to in footnote 6, 


The lowering of ductility as indicated 
by elongation of the “‘as received,” that 
is quench-annealed, materials is con- 
trary to what one would expect and is 
difficult to explain. From previous obser- 
vations, it is seen that the annealed stock 
displays a decrease in ductility at tem- 
peratures both above and below some 
optimum temperature. 

The low ductility at elevated tempera- 
tures would seem paradoxical in view of 
the lower strength that accompanies it. 
The suggestion which at once comes to 
mind would be that work hardening dur- 
ing testing at elevated temperatures is 
considerably lowered and, thus, the in- 


crement 


P 
Aaa ~ PS» is greater 
than (S;—S) psi., with the final result that 
we encounter “localized” failure rather 
than one which is preceded by a continu- 
ous slip. The low ductility of this steel at 
temperatures up to 800 F. (the lower 
limit of this range is difficult to place, 
but it certainly is at about 300 F. or 
lower) cannot be explained on the basis 
of structural changes, such as aging. 
The results of tests clearly show that the 
change in ductility due to temperature is 
not permanent, and lowering of such 
ductility is obliterated if the steels are 
again brought down to about room tem- 
perature and tested. 

In the case of type 302, only annealed 
and half-hard materials were tested. A 
full hard temper of this type of stainless 
steel is not too well suited to fabrication 
processes, and the use of this temper in 
structural applications is rather re- 
stricted. 

The results of the tests have been 
tabulated® and are shown in Fig. 12. 
It is shown again that in the annealed 
material the rather sharp drop in tensile 
strength occurs when the temperature 
is raised from about 75 F. to 300 F. 
Therefrom and up to 800 F. the lowering 
is considerably less, thus confirming the 
findings in the case of type 301. The 


- tures above 300 F. and up to 800F., 


values for yield strength are roughly 
parallel to those for tensile strength. 
In the case of half-hard tempers of this 
type of stainless, the drop in tensile 
strength and in yield strength with tem- 
perature is more regular, being, how- 
ever, more pronounced as the tempera- 
ture is increased than in the annealed 
grade. A rather high ratio of yield 
strength to tensile strength in the half- 
hard temper should be noted. 

The ductility of either annealed or 
half-hard material suffers severe lowering 
between 75 and 300 F., but further in- 
crease in temperature had little effect. 
A slight recovery, which should be an- 
ticipated, appears to occur in the neigh- 
borhood of 800 F. 

Substantially the same results as above | 
were obtained during studies of type 347, 
annealed and half hard. Again one ~ 
should note the sharp lowering in tensile — 
strength as the temperature of the test 
is raised to 300 F. (Fig. 13). At tempera- 


the decrease in tensile strength is much 
more gradual. The experimental values 
for yield strength behave in the normal, 
expected way—again they are roughly 
parallel to those for tensile strength. 
Ductility is again observed to drop 
off with increasing temperature. This 
drop is very pronounced in the case of the 
half-hard temper. As was already pointed 
out, this lowering in ductility is the effect 
of the test temperature and not of any 
permanent change in the material. 


Effect of Longer Holding Time (at Ele- 
vated Temperatures) on Mechanical 
Properties: 


As was previously mentioned, one of 
the important considerations in design 
for service at medium-elevated tempera- 
tues is the ability of a material to main- 
tain its properties at these temperatures. 
In the present experiments, the holding | 
time was extended to 100 hr., and in 
further studies, to be described sepa- 
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rately, to 500 hr. It is believed that the 
stated durations of exposure to elevated 
temperatures should give at least an 
indication of the changes that we may 
expect. 

TABLE X.—EFFECT OF LONG-TIME AGING ON 


PROPERTIES AT ROOM TEMPERATURE. 
All material rolled 40 per cent at —105 F. 


Aging Agi Elonga 
ng Tensile 
Type Tene, Strength, 
deg. Fahr. es per cent pe 
Thiccaisess None None 4.0 275 000 
None None 4.0 274 500 
500 100 1.0% 285 
500 100 3.5 287 500 
500 500 3.75 290 000 
500 500 2.5 290 000 
800 100 2.25 273 000 
800 100 3.25 260 000 
800 500 6.0 258 500 
800 500 5.0 249 000 
1000 100 5.0% 170 000 
1000 100 6.5 176 000 
1000 500 2.0° 170 000 
1000 500 6.75 160 000 
None None 5.5 235 400 
None None 6.0 234 900 
500 100 4.5 255 000 
500 100 1.5? 245 000 
500 500 3.0 245 000 
500 $00 3.0 250 000 
800 100 5.0 228 500 
800 100 5.0 227 000 
800 500 4.5 220 000 
800 500 4.5 225 000 
1000 100 8.0 179 000 
1000 100 5.0 181 000 
1000 500 4.07 169 400 
1000 500 8.5 172 000 
Ova None None 6.5 189 500 
None None 6.0 | 189-900 
500 100 —> 245 000 
500 100 2.5 235 000 
500 500 3.0 235 000 
500 500 2.5 236 500 
800 100 3.75 | 250000 
800 100 3.1 247 500 
800 500 5.5 239 000 
800 500 | 3.98 240 000 
1000 100 | 7.0 | 195000 
1000 | 100 6.25 189 000 
1000 500 2.0% | 183000 
1000 500 6.75 | 182 000 
rt Broke at punch mark. 
: > Broke outside punch mark. 
f 
4 The results of the tests, in detail, are 


_ to be found in Table X.° The graphic 

summary is represented by Figs. 11, 12, 
13. 

The results were quite interesting and 
encouraging. It is evident from the data 
that holding for as long as 100 or 500 hr. 
at 300, 500, and 800 F. does not change, 
appreciably, the tensile strength, yield 
strength and indices of oa as com- 
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pared with values of only one hour 
holding time. 


Effect of Prolonged Exposure at Elevated 
Temperatures on the Mechanical Prop- 
erties at Room Temperature: 


A summary of the tests will be found 
in Table X. Most pertinent conclusions 
are presented in graphical form in Figs. 
21 and 22. In these figures a comparison 
is made between the properties of steels 
as rolled (plotted as “held at room tem- 
perature”) and properties of the same 
steels of the same steels after 100 0r 500 
hr. at indicated temperatures. 

Type 301, commercially annealed or 
cold rolled to half-hard temper, possesses 
properties at room temperature which 
apparently have not been adversely af- 
fected by holding for 100 hr. at tem- 
peratures up to and including 800 F. As 
will be seen from Fig. 21, the values for 
strength and ductility are the same for 
all conditions of previous histories. The 
same type 301 in the full-hard temper, 
however, seemed to have experienced a 
slight increase in strength with corre- 
sponding decrease in ductility. 

The results of similar tests on type 
301 that has been rolled in the research 
laboratories at sub-zero temperatures 
(Fig. 22) (consequently possessing con- 
siderably higher tensile properties) show 
that such properties are fully maintained 
after exposures, for as long as 500 hr., to 
temperatures up to and including 500 F. 
Holding for the same length of time at 
the next experimental temperature, 
namely, 800 F., resulted in a noticeable 
but not excessive lowéring in the tensile 
strength. 


Type 302, commercially processed, 


showed a steady but slight increase in 
room temperature properties as the 
heating was carried out at temperatures 
up to 800 F. (Fig. 22). Experimentally 
processed steels (sub-zero rolling to a 
higher tensile strength) 
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show a decided improvement in tensile 
properties after heating in the vicinity 
of 500 F. which is then followed by a 
gradual decline as the temperature is 
raised to 800 F. Even after heating at the 
latter temperature, however, the proper- 
ties of the steels are substantially the 
same as if no long-time heating was ap- 
plied. Obviously, heating the samples to 
and holding them at the above named 
temperatures is an “aging” treatment. 
Thus, it would appear that these steels do 
not suffer from “over-aging”’ during ex- 
posure of up to 500 hr. duration. 

The observation that steel of this type 
processed originally to approximately 
160,000 psi. tensile strength behaved 
differently from the one processed to a 
tensile strength of 220,000 psi. may be 
explained by the latter’s higher tensile 
strength. It has been observed before 
that the higher the original tensile 
strength the lower is the temperature at 
which partial softening takes place. 

Quite in line with previous observa- 
tions, a further increase in the tempera- 
ture beyond 800 F. has a marked effect. 
As is seen from Fig. 22, the strength 
falls off and the ductility begins to im- 
prove, indicating that partial annealing 
began to take place. 

Type 347, commercially rolled, main- 
tains its properties up to and including 
800 F. for the time of heating of 100 hr. 
experimentally (sub-zero) rolled steel of 
the same type showed a continuous in- 
crease in tensile strength as the tem- 
peratures of heating were maintained 
up to and including 800 F. Again, this is 
attributed to the “aging” effect. This 
increase is of very substantial magnitude 
and is consequently of considerable in- 
terest. Beyond 800 F. partial softening 
begins to take place. 

All of the above observations based on 
experimental results allow this general 
statement: Heating times of up to 500 hr. 


at a as s high as 800 F. (the 


= 


On ErFrect OF TEMPERATURE ON STAINLESS STEEL 


927 


temperature depends on the type of 
steel) have, apparently, no detrimental 
effects on the room temperature a al 
ties. ; 

CONCLUSIONS 

1. Austenitic stainless steels, annealed 
and cold worked, when held as long as 
100 hr. at temperatures ranging from 0 
to —320 F. do not undergo changes in 
mechanical properties at room tempera- 
ture. 

2. Mechanical working of steels while 
the latter are refrigerated to temperatures 
as low as — 320 F. induces in these steels 
considerably greater rate of work hard- 
ening, with a corresponding increase in 
tensile strength, yield strength and 
hardness as compared with steels pro- 
cessed in a standard manner, that is, at 
room temperature. 

3. At a given value of tensile strength, 
steels processed at sub-zero tempera- 
tures have better ductility (elongation). 

4. Processing at sub-zero temperatures 
results in a greater spread between tensile 
strength and yield strength in the steels 
sub-zero processed. 

5. A desired level of tensile strength 
is achieved by considerably smaller re- 
duction (as in thickness, by rolling, or in 
wire, by drawing) at sub-zero tempera- 
tures than at room temperature. 

6. Aging or “low-temperature” heat 
treatment enhances certain mechanical 
properties of rolled steels, especially if 
rolling has been done at sub-zero tem- 
peratures. The “aging” effect depends 
on the composition of the steel. 

7. All steels, whether annealed or 
cold rolled (at room or at sub-zero tem- 
peratures) possess greater strength at 
sub-zero temperatures. 

8. Cold-rolled steels, whether rolled 
at room or at sub-zero temperatures, 
have better ductility at sub-zero tem- 
peratures than at room 
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9, The distribution of ductility over 
2-in. gage length is totally different at 
sub-zero temperatures than at room 

temperature. 


- 10. This difference in distribution per- 
mits a more successful fabrication, by 
; ote but not all forming processes, 
-when such fabrication is carried out at 

- lower than room temperature. 

11. Cold-rolled stainless steels do not 
adversely suffer changes in their proper- 
ties even after considerable time at 

temperatures up to 500 F. or even 800 F. 
4 12. Tensile properties as well as ductil- 

“4 ity of cold-rolled stainless steels at tem- 
peratures up to and including 800 F. 
are lower than the same at room tem- 
perature. 
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Mr. Leo proper- 
ties that the authors have described, es- 
pecially those from cold working at low 
temperatures, whether they are further 
improved by elevated temperatures or 
not, are very interesting, especially when 
it will be possible to have strength prop- 
erties with much higher ductility values 
than available in present-day materials. 

Mention has been made, both in the 
papers by Krivobok and Talbot and by 
Brace and Ziegler, in a brief way, about 
metals which are already processed. We 
in the aircraft industry are looking for- 
ward to the day when sheet metal will 
be processed in this fashion. We are in- 
terested because of the improved strength 
in forming, but we also need to know 
compressive strength properties, in addi- 
tion to tensile strength properties. We 
expect that the compressive strengths will 
be lower by some low-temperature-roll- 
ing processes, and we hope that Mr. 
Krivobok and his colleagues will have 
such data for us by the time the mate- 
rials are available commercially. We hope 
data will be available for material sub- 
sequently processed at high tempera- 
tures, also. 

Mr. R. H. Caucney.2—There is no 
doubt that austenitic stainless steels with 
the developed level of mechanical prop- 
erties described in this paper offers in- 
teresting possibilities to the aircraft 
designers and materials engineer. Two 
questions, however, seem pertinent at 
this time: 

' Chief Metallurgist, Materials Lab., Douglas Air- 
craft Co., Inc., Santa Monica, Calif. 


2 Special Projects Dept., The M. W. Kellogg Co., 
Jersey City, N. J. 


1. How will these materials treated in 
the manner described be expected to be- 
have under high strain rates? 

2. What is the relative effect of this 
treatment on the corrosion resistance of 
these materials? 

These two questions are important in 
relation to the design of liquid-propellant 
rocket engines for aircraft in which white 
fuming nitric acid may be a component. 

Mr. L. L. Wyman.*—Messrs. Krivo- 
bok and Talbot have quite justifiably 
emphasized one factor with which both 
of us had a considerable amount of ex- 
perience during our association with the 
aircraft industry during the war. This 
is the manner in which the ductile prop- 
erties of our metallic materials are meas- 
ured—a subject on which, as many of 
you know, I have been harping since 
the war as an excellent example of simu- 
lated service testing. 

What you find here is another out- 
standing example of where experi- 
menters, having used these more logical 
methods of test, have come up with the 
real solution of a problem as well as an 
immediate application of a better test 
method. 

In this application which is described 
to us, the test method is indeed a simu- 
lated service test. If Mr. Krivobok wants 
to bend this little gadget, as he calls it, 
the prime factor is not the prosaic “elon- 
gation in 2 in.,”’ but rather the elonga- 
tion of minute increments along the outer 
fibers right at the bend. When one begins 
to measure these elongations as he has 


3 Research Metallurgist, Knolls Atomic Power Lab., 
General Electric Co., Schenectady N. Y. 
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done, the road is opened to the solution 
of the problem, and of times to consider- 
able enlightenment concerning the large 
magnitude of local elongations as well. 

Mr. V. N. Krivosox (author) —Of 
the questions raised, the most important 
in our opinion is the effect of sub-zero. 

We have not yet studied the corrosion 
resistance of these materials in specific 
corrosive media. It is our belief that 
working at sub-zero temperatures would 
have the same effect as working of these 
steels at normal temperatures. We do not 
expect this effect on corrosion resistance 
to be pronounced, at least in the major- 
ity of applications. 

We wish to acknowledge that the pho- 
tographs of the pieces bent at three dif- 
ferent temperatures and shown in this 
paper have been most kindly loaned to 
us by our friend, Mr. A. E. Focke of the 
Diamond Chain Co. 

In regard to the question on compres- 
sive properties, we worked with flat- 
rolled materials, which were of thick- 
nesses not suitable for testing in 
compression. We are at the moment en- 
gaged in a very careful consideration of 
how compressive and torsional proper- 
ties can be measured. We depend on our 
colleagues in aircraft and elsewhere to 
help us with this problem. As is well 
known from the work of the Bureau of 
Standards, it is not easy to measure 
compressive properties. But proper at- 
tention is being given to this problem. 

Messrs. P. H. Brace* Ann N. A. 
ZIEGLER® (by letter) —Messrs. Krivobok 

Consulting Metallurgist, Research Labs., Westing- 


house Electric Corp., East Pittsburgh, Pa. 
§ Research Metallurgist, Crane Co., Chicago, Ill. 
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and Talbot should be congratulated for 
their interesting presentation of the re 
sults of their monumental and precis: 
piece of research. Their data surprisingly 
well confirm some of those obtained by 
the present discussors.® 

Figure 6 is a vivid demonstration of 
one of the advantages justifying the ap 
plication of sub-zero mechanical work- 
ing—besides that of achieving super-high 
room temperature hardness and strength 
—not obtainable in this type of steels 
by conventional cold working; namely, 
that of achieving a certain value for the 
yield point and at the same time main- 
taining superior ductility. That fact is 
indeed of a major importance. 

The other interesting fact pointed out 
by the authors is that “cold-rolled steels 
... have better ductility at sub-zero tem- 
peratures than at room temperature.” 
This observation was demonstrated by 
Fig. 20 which showed several parts made 
from 18-8 steel, cold rolled at ordinary 
temperature and shaped by bending at 
ordinary and at several sub-zero tem- 
peratures. Although room-temperature 
bending caused cracks, none occurred 
when similar bends were made at sub- 
zero temperatures. 

In connection with this observation, 
it might be of interest to refer to the 
remark by Sir Robert Hadfield that some 
of the austenitic chromium-nickel steels 
“could be cold-worked at —200 F., but 
not at room temperature.” 

* N. A. Ziegler and P. H. Brace, “Hardening of Aus- 
tenitic Stainless Steels by Mechanical Working at Sub- 
Zero Temperatures,” Proceedings, Am. Soc. Testing Mats., 
Vol. 50, p. 861 (1950). 


3 Transactions, (British) Inst. Chemical Engrs., Vol. 
11, p. 122 (1933). 
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The strength of metals and alloys and the factors which influence this — 


EFFECT OF RATE OF STRAIN ON THE FL ow STRESS OF GAS TURBINE 
ALLOYS AT 1200 AND 1500 F.* 


By M. J. 


SYNOPSIS 


strength are of paramount importance to the engineer who designs machines _ rd 


and to the metallurgist who develops new alloys and heat treatments for the — 
parts of these machines. The results of tension tests at 1200 and 1500 F. of a 
group of high-temperature gas turbine alloys are reported. These tests include 
creep and creep-rupture tests, constant strain rate tests and high-speed impact 
tests. The strengths of these alloys are shown for a range of strain ratesof 10-7 
to 10** per hour. The factors which influence the flow-stress of a metal are dis- 
cussed and a generalized flow-stress curve proposed. The short-time methods | 
of comparing alloys and the limitations of these methods are reviewed. 


In the gas turbine, stationary parts 
are combined with others that are ro- 
tating at extremely high speeds. In its 
operation, many of the parts are sub- 
ected to a range of loads and tempera- 
tures and some may even suffer impact. 
[he machine designer, therefore, should 
know (for the material used) the rate 
of flow, the magnitude of the ductility, 
ind the time to failure under a given 
stress and temperature, or the maximum 
stress and strain the material will with- 
stand when deformed at various rates 
and temperatures. The metallurgist who 
is developing new alloys and heat treat- 
ments for these parts must, perforce, 
use quick methods of evaluating his 
progress. In addition, he should know 
how his evaluation compares with the 
relative strength under service condi- 
tions. 

In this paper the ultimate strengths 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 23-30, 1950. 
1 Westinghouse Electric Corp., Research Laboratories, 
East. Pittsburgh, Pa. 


of several gas turbine alloys are Pad 
at 1200 and 1500 F. for a range of strain 
rates of 10-7 to 10*® per hour. The fac- 
tors which influence the strength of a 


metal or alloy are also reviewed. im 
= 


Test MATERIALS 


Ten alloys were used in this investi- 
gation; four of these were wrought alloys 
and six were cast alloys. The composi- 
tions and heat treatment are given in 
Table I. In most cases, only the nominal 
compositions were available for the 
heats from which the specimens were 
prepared. In the case of the wrought 
materials, the specimens were first, 
solution-treated; second, rough ma- 
chined*; third, aged; and fourth, finished 
ground. The specimens of the cast 
alloys were tested as “precision cast” 


2 The specimens of these alloys were supplied by N. L. 
Mochel, Manager, Metallurgical Engineering, Westing- f) 
house South Philadelphia Works. 6 

3 eo materials were drop-forged to shape as indicated 
in table. 
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to shape by Haynes Stellite Co. The 
shapes of the specimens used are given 
in Fig. 1. The specimen in Fig. 1(@) was 
used for the constant strain rate and 
high-speed or tension impact tests of 
all the alloys. The creep and creep- 
rupture tests of the cast alloys were 
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High-Speed Tension Machine: 


For the extremely rapid tests at a 
rate of strain of 7.2 X 10° per hour the 
high-speed tension machine (1)* was 
used. This machine employs a flywheel 
to store the energy necessary to pull 


3" 
4 Thd 


Diam. 


(b) Creep and Creep-Rupture Test Specimen—Precision Cast Alloys. 


65 
a 1 
“ 0.505 D 
(c) Creep and Creep-Rupture Test Specimen—Wrought Alloys. 
: Fic. 1.—Test Specimens. 


made on specimens precision cast as in 
Fig. 1(b). The specimen shown in Fig. 
1(c) was for those of the wrought alloys. 


TESTING MACHINES 


To cover the range of strain rates 
for the tests reported herein, four types 
of testing machines were employed. 


a specimen to rupture in about one 
millisecond. The load and elongation 
of the specimen are recorded on an 
oscillogram. A photograph, Fig. 2, shows 
this machine and its associated appa- 
ratus. 


4 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 947. 


| 
{ 
| 
(a) Constant Strain Rate and High-Speed Test Specimen. 
4 | 
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Constant Strain Rate Machine: 


The intermediate range of strain 


rates from 10 to 2 X 10** per hour 
no are obtained with the constant strain- 


Fate tension machine. This screw driven 


_ tension machine (2) gives an autographic 


record of load versus elongation. Changes 
in strain rate are accomplished by 


interchanging and removing speed re- 
ducers in the drive system. 


7 Creep and Creep-Rupture Machines: 


For the lower rates of strain the tests 
were made at constant load on the 
screw-driven creep-rupture and _ lever- 
arm creep machine (3). A sketch of the 
installation of these machines at the 
Westinghouse Research Laboratories is 
given in Fig. 3. In the screw-driven 


Fic. 2.—High-Speed Tension Machine and Associated Apparatus. 


OF STRAIN ON TURBINE ALLOYS — 


creep-rupture machine (left, Fig. 3) the 
test specimen is loaded by a screw jack 
through a stiff spring in series with the 
specimen. The load is maintained by 
keeping a constant deflection of the 
spring. A continuous elongation-time 
curve up to rupture is automatically 
recorded without the use of an extensom- 
eter on the test specimen. The machine 


has a capacity of ten tons. These units 
are used for the creep-rupture tests at 
the higher rates of strain from 10~ to 
10~* per hour. 

The creep tests and the longer creep- 
rupture tests were made in the lever- 
arm creep machines (right, Fig. 3). These 
machines® are conventional in the man- 
ner of load application and have a 
capacity of six tons. The extensometer 


Built by Baldwin Locomotive Works. 


ia 
| 
7 
4 


gives a continuous indication of the 
elongation up to rupture; its least count 
is 8} microinches per inch for the stand- 
ard specimen, Fig. 1(c). 


Test RESULTS 


For the constant strain rate tests, 
ultimate stress and strain at rupture 
are plotted in Figs. 4 and 5. These data 
were taken from the autographic record 
of load and elongation obtained on the 
constant strain rate and _ high-speed 
machines. For the creep and creep- 


rupture tests, the following data (Table 
II) are given where possible: alloy 
name and number, test temperature, 
strain intercept,® minimum creep rate, 
strain and time at the transition point,’ 
strain and time at rupture, original 
and final Vickers hardness (DPH)*® and 
reduction of area. A plus sign following 
the datum indicates that the test was 
interrupted before the “point,” under 


* Intercept on strain axis at zero time of tangent to 
creep curve at minimum rate. 

7 Transition from second to third stages of creep where 
creep rate has increased 10 per cent over the minimum 
rate. 

8 At a point not subjected to stress. — =) re 
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Fic. 3.—Group Installation of Creep and Creep-Rupture Machines. 


935 
which the datum is listed, had been 


reached. Any exceptions in the data 
are listed in the footnotes. 


Flow Stress versus Strain Rate: 


The “flow” or “‘yield” stress of a ma- 


terial is that stress under which the a) 
material will deform plastically. A par- x 5 
ticular ‘‘flow-stress,”’ therefore, must be a. 


further qualified. In the data reported 


here, the “‘flow-stress” will refer to the =f 
stress at the maximum load for any of = —— 
the various types of tests. For the tests a 


at constant load, this flow-stress is 
constant throughout the test, the strain 
rate used in plotting these data is the 
minimum creep rate. In Fig. 4 this 
flow stress is plotted for the alloys tested 
at 1200 F. as a function of the rate of 
strain. From the creep tests to the high- 
speed tests, the rate varies from 10-7 
to 10° per hour. To cover this range of 
rates it was necessary in most cases to 
use specimens from different heats of 
an alloy but with the same nominal 
composition. The test points for the 
various alloys and the different heats 
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Creep and Creep Rupture» Constant Strain Rote High 
T 130 000 


Code 
—Age Hard, Inconel 


-K-42-B®@Type I-2 120 000 
-K-42-B, Type OF 
-K-42-8, Type 3 
© —-Vitallium, Stellite No. 2! | | : 
© -Vitollium, Stellite No.2) | 4 

| 

| | 


| 


+100 OOO 
Stellite No 23) 


o- Stellite No 23) 
o- Stellite No. 27 
e- Stellite No. 27 

| 9 -No. 422-19, Stellite No 30 
-X-40, Stellite No. 31 

Stellite No. 6 


Stress, psi 


+90 000 


-80 000 


+70 000 


60 000 


Elongation, per cent 


fe) 
Rate of Strain, per hr. 
Fic. 4.—Flow Stress versus Strain Rate of High-Temperature Alloys at 1200 F. 


— Refractoloy 

Refractaloy 70 

— Vitallium Stellite No. 2! t t 000 

— Vitallium Stellite No. 2! 
Stellite No. 23 400 000 
Stellite No. 23 
Stellite No. 27 
Stellite No.27 +f gr 490 000 

-No.422-19, Stellite No. 30 

-No. 422-19, Stellite No. 30 

-No. X-40, Steilite No 3! 

-No. X-40, Stellite No.3! 

Stellite No.6 Ah A 170 000 


ps! 


Stress, 


80 000 


Stress, psi. 


—60 000 


Elongation, per cent 


of oF 0% OF 1 10 
Rate of Strain, per hr. 
Fic. 5.—Flow Stress versus Strain Rate of High-Temperature Alloys at 1500 F. 
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TABLE II.—CREEP AND CREEP-RUPTURE TEST DATA. mms 
Diamond Pyr-| 
Transition amid Hardness 
Inter- Point? 00-kg., 
Material 4 cept, | Creep Rate, | No Stress 
ateria €, ; ont per hr. 


Rupture | 


| 
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K-42-B, Type II, 1| 1200 


Sense 
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° Transition from second to third stage of creep where creep rate has increased 10 per cent over the minimum rate. 
© Broke at fillet. 
sign indicates that test was interrupted before this was : 
roke in threads. eee. ee Tee pecimen broken during overheating. 
Specimen overheated. Pulled out of threads—test discontinued. 
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are coded to facilitate the following of 
these curves. Also plotted in the lower 
part of Fig. 4 is the elongation at rup- 
ture. The same data for tests at 1500 F. 
are given in Fig. 5. A thin line is used 
to separate the “elongation” from the 
“stress” curves. The elongation curve 
for Refractaloy® alloy at the low rates 
of strain crosses this line; the curve is 
marked by two vertical dashes to 
distinguish it from the other curves. 


Vitallium No. 
21 at 1500 F. 


Stellite No. 
422-19 at 1500 F. 


Stellite No. 23 a Stellite X 
1200 F. 1500 F 


Fig. 6.—Original Oscillograms of Some High 
Speed Load-Elongation Curves. Strain Rate = 
200 per sec. or 7.2 X 10° per hr. 


at 


DISCUSSION OF RESULTS 


In general, the strain at the ultimate 
stress is practically the same as that 


at rupture. An alloy, therefore, strain 
_ hardens and stretches uniformly through- 
out the test. To illustrate the shape of 


the load-deflection curve at high rates of 


_ strain, some tracings of original oscillo- 


grams are reproduced in Fig. 6. At 
1200 F. the diagrams for Stellite No. 


* Trade Mark Reg. U. S. Pat. Off. boul 


23 alloy and Nimonic 80 alloy show 
that the load increases from the yield 
strength to fracture. The diagram for 
Vitallium No. 21 alloy illustrates the 
large elongation of this alloy at the 
high rate of strain. The vibrations 
superimposed on the diagrams are the 
natural frequency vibrations (longitudi- 
nal and lateral) of the load recording 
system. The load on the specimen is 
given by a smooth curve drawn through 
the average of these vibrations. 


Flow Stress versus Strain Rate: 


Since the load and strain increase 
up to rupture, the true stress increases 
also. However, in Figs. 4 and 5 only 
the “stress’”’ based on the original area 
is given. Refractaloy, 6 alloy is one of 
the exceptions, since the strain at the 
ultimate is usually less than one-half 
the rupture strain, this alloy is remark- 
able in that the increase in strength with 
strain rate is very large. 

The ultimate strength of each of the 
wrought alloys in Fig. 4 varies in a 
similar manner with strain rate; never- 
theless the curves for these alloys cross 
several times during this range of rates 
of about 10-7 to 10® per hour. The rela- 
tive superiority of any of these alloys, 
therefore, depends on the particular 
rate at which they are compared. The 
strength of these alloys,in general, 
increases with rate of strain, reaches a 
peak at a strain rate of about 10° to 
10° per hour, and then drops off with 
further increase in rate for several 
“cycles.” The curves for the cast 
alloys have the same general “shape.” 
In general, the cast alloys have lower 
strength than the wrought alloy at 
1200 F. At the highest rate, several of 
the cast alloys are stronger than some 
of the wrought alloys. 

At 1500 F., Fig. 5, only one wrought 


1° Strain rate is plotted logarithmically (base 10). 


Each “‘cycle”’ is a 10 fold change. q 


~ 
i 4 
~ 
_ 
att 1200 
7. = 
yi = 
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alloy, Refractaloy, was tested. At a rate 
of strain of 10 per hour, the strengths 
of all the alloys fall within a band of 
10,000 psi. At lower or higher strain 
rates the curves diverge. As was found 
at 1200F., the strength curves at 
1500 F., although similar in shape, cross 
each other, and the relative superiority 
varies with the strain rate at which 
they are compared. 


Elongation versus Strain Rate: ad 


The performance of these gas turbine 
alloys is often limited by their ductil- 
ity. The elongation in 1 in." expressed 
in per cent plastic strain is plotted 
at the bottom of Figs. 4 and 5. At 
1200 F., bottom Fig. 4, the general pat- 
tern of the elongation curves is similar 
to that of the strength curves. In most 
cases, the elongation increases with 
strain rate up to about a rate of 10 per 
hour and then reaches a peak or levels 
off. Some of the cast alloys again begin 
to increase at the extremely high rates. 
In general, these alloys have good 
ductility at the higher rates of strain, 
although they may be rather brittle 
when deformed at the low rates of strain. 
At the bottom of Fig. 5, the elonga- 
tions of these alloys at 1500 F. are 
given. Although Stellite No. 21 has 
next to the lowest ductility at the low 
rates of strain, it has the greatest at 
the high rates. Refractaloy, the only 
wrought alloy, shows an opposite effect. 

The elongation values are useful in 
predicting the rate to work a metal at 
a given temperature and in preventing 
the formation of cracks. The force 
necessary to work the metal is also 
of prime importance. The most desir- 
able rate to work the metal at a given 
temperature will be a compromise and 


11 For the creep tests the elongation is measured over a 
longer gage length. The gage length for the cast creep speci- 
men is 2-in. and that for the wrought specimen is 3-in. 
However, since very little necking was ob rved this dif- 
ference is gage length does not cause a serious change in 

values. 
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will probably be that rate near the peak 
of the ductility curve and on the side 
of the peak where the strength is lower. 


Test Data: 


Each datum point in Figs. 4 and 5 
represents the result of only a single 
test with the exception of several check 
tests made to investigate possible scat- 
ter. In the check tests on Nimonic 80 
and Refractaloy alloys at the high- 
speed strain rate of 7.2 X 10° per 
hour the elongations checked within 
5 per cent. Check tests of Stellite No. 
21 at a rate of 8 per hour gave a two 
to one change; in this case, however, 
it was found that failure of the specimen 
with the lower ductility occurred in a 
large grain near the fillet of the speci- 
men. In these check tests the ultimate 
stress varied less than 8 per cent for 
most of these alloys. All of the speci- 
mens did not come from a single heat 
but from heats of the same nominal 
composition. It is recognized that espe- 
cially in these cast alloys the properties 
of one heat may be different from an- 
other because of the influence of pouring 
and mold temperatures as well as small 
composition changes. It was felt that 
these variations would not materially 
affect the general shape of these curves 
because of the large over-all change in 
stress which occurs over the range of 
strain rates. 

The initial heating period is an impor- 
tant aging period for the test specimens 
(especially for those of the cast alloys 
which are tested ‘“‘as cast’). In the 
creep or creep-rupture tests the speci- 
men is heated about 16 hr. before the 
load is applied. In the constant strain 
rate test the heating time is about 3 hr. 
and in a high-speed test it is only 1 or 
2 min. For the tests at 1200 F., it can 
be shown (4, 5) that the preheating 
without stress for a period up to 16 
hr. will probably have very little effect 
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a Methods of Comparing Alloys: 


= 
Nimonic 80 
_‘Stellite No. 23 


X-40, Stellite No. 31....... 


d 


on the hardness and, presumably, on 
the ultimate strength. At 1500 F., aging 
takes place more rapidly; the results of 
the creep and creep-rupture tests, there- 


fore, are of specimens in a slightly ad 


ent metallurgical state. 


a: E III.—COMPARISON OF ENDURANCE AND 
ULTIMATE STRENGTHS AT 1200 AND 1500 


Materia 


at Rate of 10° 


Cycles, psi.® 
Ultimate Strength 
per hr., psi. 


Strength 10% 


Endurance 
| Endurance Ratio 


B-12 


a 


A.H. Inconel 
X40, Stellite No. 31....... 


Vitallium No. 21. 


Stellite No. 27 


1500/34 000 


Stellite No. 21. -| 8 |1500'33 000 


9 | 1500) 
13 |1500 32 000 
1500 


Stellite No. 27 


69 000 


described in Reference 


In the sorting or comparison of alloys 


* Different heat of alloy, 
(6). 


for creep, creep-rupture, or other types 
of service, the usual procedure is to 


make short-time tension, constant strain 
rate, or hot hardness tests to determine 
the relative properties. All three of these 
comparison methods involve plastic 
flow of the alloys at a fairly fast rate 
of strain and some measure of the alloy’s 
resistance to this deformation. The 


LLoys 


strain rate commonly used in a short- 
time tension test or a comparable con- 
stant strain-rate test is about 2 per hour. 
The curves in Figs. 4 and 5 show the 
possible errors in sorting alloys by these 
methods. If the flow stresses at 1200 F. 
and a rate of 2 per hour are compared 
with those at a creep rate of 10~° per 
hour, it can be seen in Fig. 4 that the 
wrought alloys are stronger at both 
rates than the cast alloys. If, however, 
the cast alloys are compared, then the 
strongest alloy at a rate of 2 per hour, 
Stellite No. 21, is the weakest at a rate 
of 10-° per hour. Also for the wrought 
alloys, K-42-B type II alloy with the 
No. 2 heat treatment is next to the 
strongest at the high rate but the weak- 
est at the low rate. 

At 1500 F., Fig. 5, the strength of any 
of the alloys at a rate of 2 per hour is 
within 16 per cent of any other; but 
again the order of the strength of these 
alloys is, in most cases, reversed when 
compared to that at the low rates. This 
fact is brought out to caution those 
who use testing techniques involving a 
particular rate of strain to determine 
the relative merits of alloys which are to 
be used at a greatly different rate of 
strain. For example, the rate of loading 
in a fatigue test is very high, the strength 
of a material at a comparable rate of 
loading or strain should be a reasonable 
measure of the relative endurance 
strength. The endurance strengths (6) 
of some of the alloys reported herein 
are given in Table III. A comparison is 
made between the endurance strength 
at 10° cycles and the ultimate strength 
at a strain rate of 10° per hour. The 
“Endurance Ratio” at 1200 F. is about 
0.44 to 0.49 for the wrought alloys and 
about 0.53 to 0.60 for the cast alloys 
with the exception of alloy X-40. At 
1500 F., the four cast alloys are within 
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6 per cent of the endurance ratio of 0.44 
in spite of the fact that the two types of 
tests were made on different heats of 
the alloys. 


Factors INFLUENCING THE FLOw 
STRESS OF A METAL 


In the light of the data presented 
here, it is reasonable to review the 
factors which influence the flow stress 
of a metal. These factors are: (/) strain, 


(2) rate of strain, rate of loading, and 
(3) temperature, (4) 
and (5) state of 


time to failure, 
metallurgical state, 
stress. 


Metol 


Stress 


Increasing Stroin Rate —*,(Log u) 
Decreasing Temperature f(@) 
Decreasing Foilure Time —,(-Log Tr) 


Fic. 7.—Characteristic Flow-Stress Curve for 
Metals. 


Because of the interrelation of these 
factors, it is possible to express their 
effect qualitatively on the flow stress 
of a metal. The characteristic flow-stress 
curve for metal as a function of rate of 
strain, time to failure, or temperature is 
presented in Fig. 7. If a metal of a 
particular metallurgical state is deformed 
in a given manner at a constant tempera- 
ture, the stress, with which it will resist 
deformation to a given strain, as a 
function of the log rate-of-strain or of 
log time-to-failure is given by this flow- 
stress curve. 

At the extremely high rates or short 
times at stress, zone 5, the stress in- 
creases nearly as a power function of the 
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log of strain-rate or minus log of time- 
to-failure. In zone 4 the rate of strain 
is lower and the time to reach a given 
strain is longer; thus metals which “‘age” 
due to the diffusion of relatively fast 
atoms (such as oxygen, carbon, and 
nitrogen) (7) will show an increase in 
strength as the strain rate is decreased 
until the “aging” is complete. As the 
strain rate is further decreased, over- 
aging occurs and the strength decreases. 
Metals which do not exhibit this “ag- 
ing” follow the dashed curve in zone 4. 
In zone 3 no anomalies occur and the 
stress is practically linear with respect 
to the log of creep-rate or of time-to- 
failure. At lower rates of strain, zone 2, 
metallurgical changes take place in the 
metal, and accompanying this long- 
time instability there is a loss in strength 
when the rate is decreased. The mecha- 
nism of flow may also change in this 
zone as well as the relative strength of 
the grain and grain boundaries. In zone 
1 at the extremely low rates of strain 
the stress decreases further with de- 
creasing rate of strain. For many ma- 
terials, the stress in this zone can be 
expressed as a hyperbolic function of 
the rate of strain (8). 

The characteristic curve in Fig. 7 is 
therefore a qualitative representation 
of the flow stress as a function of rate 
of strain, time-to-failure, or temperature 
since the exact functions relating these 
variables in all cases are not known (9). 
However, much work (10, 11, 12, 13, 14) 
has been done and fairly accurate 
quantitative results can be obtained for 
some materials over a limited range of 
the variables. 


Strain: 


The flow-stress has been defined as 
that ,stress at which a material will 
deform plastically. Since strain harden- 
ing may occur, it is necessary further to 
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qualify the flow-stress by giving either 
the amount of plastic strain to be 


terion, such as, “at the ultimate” or 


“at the minimum creep rate.” For 
example, the flow stress at 0.2 per cent 


_ plastic strain is equivalent to the yield 
strength at 0.2 per cent offset. Strain 


band for the lower rates or for high 
temperatures (15, 16). 


Rate-of-Strain, Rate-of-Loading, and 
Time-to-Failure: 


These three factors are considered 
together since they are all related to 
time. Rate of strain is the time deriva- 


-— Creep Rupture —<#-»Constont Strain Rate —— 


aluminum L 25 


10% 


Strain Rate per am 


occurs subsequent to the initial treat- 
ment of a metal or alloy; that is, after 
prior processing and heat treatment. 
Thus the characteristic flow-stress curve 
for a metal to be complete should be a 
family of curves, one for each value of 
plastic strain to be considered. This 
family of curves converges to a narrow 


tive of plastic strain or, more popularly, 
the speed of deformation. 

The flow stress at the maximum load 
as a function of the log of the rate of 
strain for four metals or alloys is plotted 
in Fig. 8 to illustrate how these metals 
conform to the characteristic curve” 


The characteristic curve also quali - 
sents the internal friction versus temperature 


| 
a’ 
| | | | 
if 
Fico 
a enon! Fic. 8.—Flow Stress versus Kat Constant Temperature. aah 
here refer to the deformation whic! 


of Fig. 7. The data™ are taken from the 
types of test shown at the top of the 
curve sheet. In all cases the material 
used in the creep tests is of the same 
nominal composition but of a different 
heat than the corresponding material 
used for the other strain rates. Two of 
the metals are “non-aging” materials, 
and the other two undergo the short- 
time instability described for zone 4, 
Fig. 7. All four materials exhibit a 
long-time instability which gives the 
“knee” of zone 2, Fig. 7. 


35 000 - 
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to a rapidly alternating load, and this 
loading may be combined with a steady 
load to produce a pulsating load. In 
either case the influence of the three 
factors—rate of strain, rate of loading, 
and time (at load)—must be considered 
to obtain a clearer picture of the mecha- 
nism of flow and failure (21). 

To discuss the other factor “time-to- 
failure,” it will be necessary to define 
“failure.” In many machines or struc- 
tural parts, failure is considered to have 
occurred if the material exhibits any 


Stress, psi. 


Transition 


Rupture 
37% 


1% Total 
Strain 


10 000 10 100 
Time, hr. 
Fic. 9.—Design Curves. Cast Stellite 30 at 1500 F. 


Rate of loading is proportional to the 
time derivative of elastic strain. The 
flow-stress at the proportional limit is 


a function of the rate of loading (20).. 


The mechanism of flow and failure 
becomes more complex when the load 
and, therefore, the stress are varied 
with time. If the load varies slowly with 
time, it is possible to determine the de- 
formation or failure time by integrating 
the instantaneous effect. However, in 
many machines the parts are subjected 


18 The source of the data is as follows: Cast Stellite No. 
27 at 1200 F., this paper; constant strain rate tests of mild 
steel at 400 C., copper at 200 C., and aluminum 125 C. 
from reference (2); creep tests for mild steel from creep 
data (18); creep test of copper by E. A. Davis (19); and 
creep tests of aluminum from unpublished work at West- 
inghouse Research Labs., by E. A. Davis. 


= 


plastic flow; for these parts the stress 
at the proportional limit is the stress 
at failure. In other parts a certain 
deformation can be allowed; failure in 
these cases occurs when this strain is 
reached. If a considerable strain can 
be tolerated, then the material can be 
used to the transition point or to rup- 
ture. The flow-stress curves as a function 
of time for each of these criteria of 
failure form a family of curves for a 
given alloy. These “failure” curves are 
commonly called “Design Curves” and 
are illustrated in Fig. 9. The rupture 
strain is tabulated adjacent to the 
rupture point to illustrate the manner 
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in which the strain decreased for the 
longer rupture times. 

It can be seen that Fig. 9 is similar 
to zones 1, 2, and 3 of Fig. 7 if minus 
log of time is substituted for log of time 
so that time decreases to the right. 


Temperature: 


Much of the discussion above refers 
to the flow of metals at only one constant 
temperature, although a brief reference 
has been made to the interrelation of the 
factors influencing the flow of metals 
such as by the use of the chemical rate 
theory. If a metal of a particular metal- 
lurgical state is deformed at a constant 
rate of strain, the flow-stress, at a given 
strain, with which the metal will resist 
the deformation—as a function of tem- 
perature—can be represented by the 
characteristic curve, Fig. 7, in which 
the temperature decreases to the right. 
It is to be understood, however, that 
the deformation occurs at a constant 
temperature for each “point” on the 
curve. Starting at a low temperature, 
zone 5, the stress decreases at a higher 
temperature (toward the left). If the 
metal ‘“‘ages” at the higher temperature, 
the strength increases, zone 4. This 
zone is called the “blue brittleness”’ 
range for carbon steels. In general, it 
represents a low-temperature instabil- 
ity of the metal. 

Again at higher temperature, zone 3, 
the stress continues to decrease. At a 
still higher temperature, zone 2, or zone 
of high-temperature instability, metal- 
lurgical changes begin to take place or 
are completed. This includes such 
changes as recovery, recrystallization, 
phase changes and precipitation. For 
the higher temperatures of zone 1 
and if no further metallurgical changes 
take place the stress will gradually ap- 
proach zero at the melting point of the 
metal. 


The absolute temperature of these 


zones can be shifted by the other 
factors. For example, the ‘blue brittle- 
ness” range can be shifted to a higher 
temperature by increasing the rate of 
strain (16). A metallurgical change will 
take place, therefore, over a range of 
temperatures or over a range of times 
at a constant temperature. The knowl- 
edge of the strength of an alloy as a 
function of rate of strain, alone, is not 
usually sufficient information to de- 
termine the suitability for a given service 
and service life but can be used to sup- 
plement the data of the design curves, 
Fig. 9, and to aid in their extrapolation. 


Metallurgical State: 


The following are the factors which 
influence the metallurgical state. 

Composition—The strength of the 
base metal can be increased by alloy- 
ing. Some alloying constituents improve 
the strength of the grain boundaries or 
that of the grains while others improve 
that of both (22, 23). The susceptibility 
of the alloy to heat treatment is greatly 
determined by the hardener content 
(16). The recovery, recrystallization and 
aging temperatures depend largely on 
the composition, as do strain hardening 
(24), the capacity for cold work, and the 
grain size. 

Prior processing-—For the gas turbine 
alloys, the influence of prior processing 
(22, 25, 26, 27) is at present under con- 
siderable study, although its effect in 
many alloys can be diminished by suit- 
able heat treatment (5). 

Heat treatment—For an alloy of a 
given composition, the size of the struc- 
tural constituents or grain size can be 
varied by heat treatment to increase the 
strength of a metal. However, the rela- 
tive strength of the grain and grain 
boundaries for the given service condi- 
tions will dictate whether the grain size 
should be increased or decreased. 


The strengths of the grains and grain — 
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boundaries are each influenced by the 
same factors which have been discussed 
above for the flow-stress, and, there- 
fore, the characteristic curve will prob- 
ably describe the variation of their 
strengths. The relative strength under 
given service conditions for a limited 
range is shown in Fig. 10. The strengths 
of the grains and grain boundaries as 
functions of temperature, time or rate" 
are given by the solid curves and their 
combined strength by the dashed curve. 
In the characteristic curve their com- 
bined strength contributes to the change 
shown in zone 2. The point where the 


Groin Strength 


Grain Boundory 
Strength 
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Fic. 10.-—Equicohesive Strength. 


two strengths are equal is called the 
“equicohesive strength.” The break in 
the curve of rupture strength as a 
function of time has been attributed to 
this intersection of the strengths (28). 
Since the strengths of the two constitu- 
ents are affected differently by the 
various factors, their intersection can be 
shifted over a wide range of tempera- 
ture, time, and rate. 

Alloys which can be hardened by heat 
treatment are superior for many appli- 
cations because the hardness is usually 


4 Note that the abscissa values are reversed from that 
of Fig. 7 and that time and temperature increase toward 
right. 


945 


more homogeneous. The characteristic- 
curve anomalies in zones 2 and 4 have 
been attributed to metallurgical changes. 
The changes in zone 4 were termed 
“short-time” ones, since they are caused 
by elements which diffuse rapidly, while 
those in zone 2 were called “long-time” 
ones. This is used in a relative sense since 
at low temperatures the changes in zone 
4 may take considerable time. When an 
alloy is prepared or heat treated in such 
a manner that aging, precipitation 
hardening, or a phase change occurs 
then it is obvious that the aging change 
in zone 4 (29) and the precipitation or 
phase change in zone 2 may be con- 
siderably reduced or entirely eliminated. 
An example of this can be seen in Fig. 
4 for the wrought alloys which were 
heat treated by precipitation hardening. 
Aging effects are usually reduced by 
increasing the aging temperature. A 
comparison of the cast alloys in Fig. 4 
(1200 F.) and Fig. 5 (1500 F.) shows 
that the changes at both the high and 
low rates of strains have been reduced 
and that the knee or peak of the zones 
has been shifted to a higher rate of 
strain with increasing temperature (16). 
Attention is also called to the large 
difference in the strength of K-42-B 
alloy in the creep-rupture range for the 
two heat treatments. 

For the cast cobalt-base alloys re- 
ported here, a phase change occurs 
when the alloys are aged (27). This 
phase change and associated metallurgi- 
cal changes account for the anomalies 
shown in Figs. 4 and 5. Heat treatment 
can be expected to change the shape of 
the family of curves for various strains, 
since aging has a large effect on the 
yield strength of these alloys when 
tested below the aging temperature and 
only a small effect on the ultimate 
strength and the creep strength (4). 
The strength curves cannot be extrapo- 
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lated, therefore, unless the nature of 
these metallurgical changes is known. 


State of Stress: 


than the wrought alloys at 1200F. 
except at the highest strain rates. 

4. For a rate of 10 per hour the 
strengths of all the alloys tested at 


The state of stress is determined by 
the magnitude of the stresses in the 
principal directions. For combined stress 
or multiaxial stress, the flow stress in 
one direction will be influenced by the 
stresses in the principal directions (28, 


1500 F. were within 16 per cent of one 
another. 

5. At 2 rate of strain of 7.2 X 10° 
per hour Refractaloy alloy at 1500F. 
has the highest strength of all the alloys 
tested at 1500 or 1200 F. 


30, 31). The geometry of the part may 
cause multi-axial stressing, although it 
may be loaded in only one direction. 
_ For example, in a notched specimen 
_ loaded only in the axial direction the fF. for the gas turbine alloys follows a 
_ ratio of the stresses in the principal similar pattern as the “stress curve.” 
; directions can be varied by changing At 1500F., the elongation curve for 
_ the geometry of the notch; the flow or some alloys does not follow as regular 
_ fracture stresses will, therefore, also 4 pattern. 
_ vary (32). 8. The elongations at intermediate 
and high rates of strain are much greater 
than that for the creep range by as much 


6. Relative superiority of these al- 
loys depends on the rate of strain at 
which they are compared. 

7. The elongation at fracture at 1200 


ay 


CONCLUSIONS 


The data presented here and the fore- 
going discussion can be summarized as 
follows: 

1. The shape of the stress-strain 
curve at extremely rapid rates of strain 
at 1200 and 1500 F. of these gas turbine 
alloys is similar to that at short-time 
tensile rates. In general, these materials 
strain harden nearly up to fracture; 


that is, the load increases with strain 


and the strain distribution is uniform 
practically up to fracture. 

2. In general, the ultimate strength 
for wrought alloys at 1200 F. increases 
_ with rate up to 10? or 10° per hour and 
then decreases. For the cast alloys at 
1200 F., the flow stress increases up to 
a rate of 10 per hour, decreases slightly 
up to 10° per hour and them continues 
to increase with increasing rate. At 

1500 F. the ultimate strength of all the 

alloys increases with strain rate and 
_ shows a slight dip at a rate of about 
per hr. 

3. The cast alloys have lower strengths 


as 100-fold. 

9. The more desirable working speed 
at a given temperature can be esti- 
mated frum the elongation and ultimate- 
stress curves as a function of rate of 
strain. This speed is near the peak of the 
elongation versus strain-rate curve. 

10. The possible error in the use of 
rapid methods of sorting or comparing 
alloys for service in the creep range is 
pointed out. These sorting methods, 
however, will give accurate data for 
processes involving a comparable rate 
of strain. 

11. The relative endurance strengths 
of a group of similar gas turbine alloys 
can be estimated from rapid constant- 
strain-rate tests. 

12. A characteristic flow-stress curve 
is presented which qualitatively expresses 
the variation in stress as a function of 
rate of strain, time to failure, or tem- 
perature. 


13. The characteristic curve, in gen- 
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eral, is a family of curves for various 
strains; this family converges to a nar- 
row band for the lower rates or for 
high temperatures. 

ence the 
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characteristic curve are discussed. These 
factors are (/) strain, (2) rates of strain 
and loading or time to failure, (3) 
temperature, (4) metallurgical state, 


and (5) state of stress. 
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Mr. J. R. Lane.'—I have a question 
about the shape of the curves. I noticed 
that there was a knee and I wonder if 
it could correspond to a change in the 
type of fracture. It is well known that 
the strain rate can influence the type of 
fracture in the same way temperature 
can, that low strain rates would be 
conducive to a fracture through the grain 
boundaries, and conversely, high strain 
rates would be apt to cause fracture 
across the grains. 

Mr. P. R. Toortw.*~—I should like 
to compliment Mr. Manjoine on his 
paper and to corroborate his table of 
fatigue ratios. We have made tension 
tests and fatigue tests at 1200 and 
1500 F. on specimens from the same 
bar stock for a few high-temperature 
alloys. Using strain rates, for the tension 
tests, of the same order of magnitude 
as that obtained by assuming a saw 
tooth wave form for the loading cycle 
in the fatigue test, it appears that the 
fatigue ratio in general falls between 
0.4 and 0.6. It should be noted that 
while the tension tests were axial, in a 
machine designed by Mr. Manjoine, the 
fatigue tests were repeated bending tests 
(at 7200 cpm.) and that the fatigue 
ratio is based on the fatigue strength 
at 100 million cycles. 

However, it should be kept in mind 
that we are dealing with high tempera- 
tures and comparing a long-time test 
with a short-time test. Thus, should an 
alloy have poor oxidation resistance or 


1 Head, High Temperature Alloys Branch, Metallurgy 
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be motallurgically unstable at the test 
temperature, i¢ does not seem impossible 
that the fatigue ratio might fall outside 
of the above range. Even at 100 million 
cycles, some alloys have S-N diagrams 
with appreciable slope, for example a 
65 per cent Ni-30 per cent Mo-balance 
Fe alloy has a fatigue strength, in air 
at 1500 F., of 35,000 psi. at 100 million 
cycles, and if the fatigue curve were 
extrapolated to one billion cycles the 
fatigue strength would be down to 27,000 
psi. A consequence of this is that, even 
at a great number of cycles, the fatigue 
ratio is a function of the number of 
cycles. 

But, should the designer have no 
fatigue data available, the use of a 
fatigue ratio of 0.5 would give an indica- 
tion of the 100 million cycle fatigue 
strength of a high-temperature alloy 
at 1200 to 1500 F. The use of this value 
should, of course, be tempered by the 
considerations mentioned previously. 

Mr. M. J. MANJOINE (author’s clo- 
sure)——Mr. Miller’s comments which 
confirm this type of a generalized flow- 
stress curve are appreciated. 

In reference to Mr. Lane’s question, 
in general, any metallurgical change of 
the material will result in an anomaly in 
the flow-stress curve. If the mechanism 
of flow or fracture changes, then a 
“knee”’ will occur in the flow-stress curve. 
This change is probably a result of the 
influence of rate of strain on the metal- 
lurgical state. There are, however, types 
of metallurgical changes which do not 
change the -— of failure but which 
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long time is necessary to reach a given 
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_ give a knee in the flow-stress curve. 


Annealing is one of these. Cold-rolled 
copper at temperatures below the normal 
recrystallization temperature gives a 
sharp knee at low strain rates where a 


strain and annealing will occur. 
For these high-temperature alloys, 


_ several types of changes take place such 


as the phase change which occurs in the 
precision-cast alloys. This change occurs 
rapidly at the normal service tempera- 


tures, and its effect can be seen in the 


flow-stress curves obtained from tests 
of most of these alloys. 

For the wrought alloys that can be 
precipitation-hardened a knee is ob- 
tained. The change for the alloys re- 
ported here has been reduced since they 
were heat treated to give maximum 
hardness. However, under the influence 
of stress and strain additional precipi- 
tation occurs. 

We are grateful for Mr. Toolin’s re- 
marks substantiating our results on 
fatigue ratio. aq 


be 


analysis. 


During the war, Dr. Gunther Mohling 
of the Allegheny-Ludlum Steel Corp. 
obtained stress-rupture data on over 
200 specimens of S-816 alloy. About 20 
different conditioning treatments were 
used, the treatments being varied to 
produce alloys that would satisfy par- 
ticular demands of production. The 
Statistical Engineering Laboratory at 
the National Bureau of Standards was 
asked to examine the data by statisti- 
cal procedures to confirm or extend 
conclusions derived by Dr. Mobhling 
and in the hope of extracting additional 
information from these measurements 
on rupture times. Since the data did not 
represent a planned study of the several 
conditioning factors involved, the analy- 
sis presented a difficult statistical task, 
but the effort seemed warranted in view 
of the importance of these alloys. 

The first part of the paper discusses 
the interpretation of the test results 


* Presented at the Fifty-third Annual Meeting of the 
June 26-30, 1950. 

1 Mathematicians, Statistical Engineering Laboratory, 
National Bureau of Stan , Washington, D. C. 


A LIMITED NUMBER FROM MANY POSSIBLE 
CONDITIONING TREATMENTS FOR ALLOYS TO ACHIEVE 
BEST COVERAGE AND STATISTICAL EVALUATION* 


By J. M. CAMeERon! anp W. J. Youpen! 


=. SYNOPSIS 


Stress-rupture data present special problems because the number of condi- 
tioning factors preclude exhaustive exploration of all combinations of these 
factors and the test results necessarily involve different test temperatures and 
loads so that the hours to rupture of specimens from different conditioning 
treatments are not directly comparable. This paper gives a method for com- 
paring test results and considers the planned selection of combinations of 
conditioning factors for testing with a view to facilitating the statistical 
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and shows why these records present 
such a difficult problem for statistical 
analysis. The statistical analysis con- 
firmed Dr. Mohling’s conclusions but 
did not extend them. In the second- 
part of the paper the general problem 
of exploratory investigations is con- 
sidered together with ways and means 
of programming work to facilitate sta- 
tistical analysis. This leads to the ex- 
amination of methods of holding the 
total number of tests down to the mini- 
mum number consonant with the 
objectives of the study. 


CONDITIONING TREATMENTS 
AND TESTING CONDITIONS 


Stress-rupture measurements were 
available on 215 specimens of S-816 
alloy. These came from 41 heats hav- 
ing similar chemical compositions. Be- 
fore being tested, the specimens were 
raised to a solution temperature and 
held there for a period of time, water- 
quenched, and"then aged for a number 
of hours at a temperature somewhat 
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below the solution temperature. The 
different solution temperatures, solu- 
tion times, aging temperatures and 
aging times used in the conditioning 
treatments of the specimens are shown 
in Table I. Not all of the possible com- 
binations of the four factors were used. 

The test conditions were not the 
same for all specimens. Four test tem- 
peratures (1200 F., 1350 F., 1500 F., 
and 1600 F.) and 26 different loadings 
_ (ranging from 8000 psi. to 110,000 psi.) 
were represented. Thus a result from a 
particular heat and conditioning treat- 


TABLE I.—LEVELS OF THE FOUR FACTORS 
USED IN CONDITIONING TREATMENTS. 


Aging 
Tempera- Aging 
ture, deg. Time, hr 

Fahr. 


Solution 
Temperature, Solution 


Time, hr. 


1350 
1500 
1600 


* Levels most often employed. 


- ment requires three numbers to char- 


acterize it: the test temperature, the 
load, and the number of hours to rup- 
ture. 

An attempt was made to compare 
different solution and aging treat- 
ments with the idea of locating the 
combination of these factors which was 


- associated with best performance as 


measured by time to rupture. However, 
when duplicate specimens which had 
been held at (a) different solution tem- 
peratures for the same time, (4) at the 


- game solution temperature for different 
intervals, or (c) given different aging 


the alloy when given different treat- 
4 


treatments, were compared, an acute 
problem arose in that the specimens 
were often placed under different loads 
so that the time to rupture cannot be 
used to compare the performance of 
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ments. Not only were different loads 
used but, as a further complication, the 
trials were conducted at several test 
temperatures. 

The complexity of the testing pro- 
cedure, which requires threenumbers— 
the test temperature, the load, and the 
observed time—to characterize the test 
results came about from the desire to 
approximate the conditions under which 
the alloy was to be used. At the time 
the tests were conducted, the problem 
was to produce alloys to meet a particu- 
lar need, and not for the purpose of a 
comprehensive study of the factors. 


METHOD OF RATING PERFORMANCE 


It was decided to start out by mak- 
ing comparisons only in those cases 
where the tests had been conducted 
at the same temperature. This still 
leaves the problem of choosing between 
two specimens one of which ruptures 
in say 900 hr. at 20,000 psi. while the 
other gives way in 500 hr. at 30,000 
psi. The non-metallurgist is not in posi- 
tion to know which is better and needs 
some simple rating scheme. 

It was noted that at a given test 
temperature, for heats with the same 
conditioning treatment, the product of 
the load by the logarithm of the time to 
rupture was approximately a constant. 
After some trial, all results were as- 
signed a z rating computed from the 
formula 

(10-* psi.)* log(time to rupture) 
where k& varies for different tempera- 
tures. By trial and error it was found 
that if the exponent & is taken as 1800 
divided by the test temperature the 
value of z is nearly independent of the 
load. The z values were found to be in 
close agreement when specimens from 
the same heat were tested at the same 
test temperature but under a wide 
range of load. The z function was used 
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to convert the times to rupture to a 
constant load. An example follows: 


Heat No. 41592, Test Temperature 1500 F. 


Time to Calculated hr. 
Load, psi to rupture for 
r. 22,500 psi. 
20 000 494 6.189 218 
22 500 262 6.401 262 
25 000 121 6.388 232 


The value of z depends on the test 
temperature, but within a test tempera- 
ture may be used to compare the dif- 
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the results was nearly as good as when 
the specimens came from the same heat. 
It was concluded therefore that the 
differences in the chemical composition 
among the 41 heats were of relatively 
minor importance, and this factor is 
ignored in the following discussion. 
Table II shows the average time in 
hours to rupture for all specimens at 
each of the conditioning treatments; 
the number in parenthesis is the num- 
ber of specimens upon which the aver- 


TABLE I1.—-AVERAGE NUMBER OF HOURS TO RUPTURE OF SPECIMENS OF S-816 ALLOY GIVEN 
VARIOUS SOLUTION AND AGING TREATMENTS. 


(Number in parenthesis denotes number of specimens on which average is based.) 


Average Time to Rupture, hr. 
16 hr. at Aging Solution 
Temperature, Temperature, 
deg. Fahr. deg. Fahr. Tested at 1200 F., Tested at 1350 F., Tested at 1500 F., 
60,000 psi.* 40,000 psi.* 22,500 psi.* 
the... 4 hr. | hr. | 1 hr. | 2 hr. | $hr. | hr. | 1 hr. | 2 hr. | hr. | hr. | 1 hr. 2 hr. 
1400. . 2150 152 | 166 139 49 87 128 
(2) | (2) | @) (1) | (20) (10) 
2150 
2200 126 42 
(2) (2) 
(1) 
(1) 
2250 142 108 131 
(10) (2) (10) 
2250 
2275 167 118 | 
(14) | (1) 
2275 
res ee 2300 230 139 100 102 72 186 192 120 
(24) | (1) | (2) (17) | (2) | (©) (39) | (1) 
2300 84 86 
(4) | (1) 
2325 
2325 76 
(1) 
(10) 
(7) 


* When other loads were used times were converted to standard load. 


ferent methods of conditioning. For 
each test temperature all results were 
converted into the number of hours to 
rupture for the most frequently used 
loading at that temperature. 


TrEst RESULTS 


When test specimens from different 
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age is based. Only aging temperatures 
of 1400 F. and 1500 F. have been con- 
sidered, and both these were for 16 
hr. (This leaves out 19 specimens aged 
at 1600 F. which were tested at 1600 
F., and 12 specimens given other aging 
treatments. Neither of these two sets of 
data would affect the analysis that fol- 
lows, nor do they display anything by 
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themselves.) The data at the different 
test temperatures cannot be combined. 
INTERPRETATION OF DATA 


The effect of solution temperature on 
the number of hours to rupture is 


found by comparing specimens which 


TABLE III.—EFFECT OF SOLUTION 
TEMPERATURE, DURATION ONE 
HOUR, ON TIME TO RUPTURE. 
(Entries show average times in hours and, in 
parenthesis, the number of specimens. ) ) 


Specimens 
Aged 16 hr. 
at 1500 F. 
emperature, | Tested Tested Tested 
deg. Fahr. at 1500} Tested at 
F., | 1500F., 
22,500 | 22,500 psi.” 
psi.* 


Specimens Aged 16 hr. 
at 1400 F. 


128 
(10) 
84 


2300. 
2325. 
2350. 


@ When other loads were used times were converted 
to standard load. 


temperature at all three test tempera- 
tures for the first conditioning treat- 
ment of 1 hr. at solution temperature 
and aging for 16 hr. at 1400 F. This 
trend is repeated for the second con- 
ditioning treatment in which the aging 
temperature is raised to 1500 F. Thus 
for both of the two different condition- 
ing treatments higher solution tempera- 
tures are showing up best. Generalization 
of this statement to other conditioning 
treatments is subject to the usual caution. 

Table IV shows the effect of varying 
the solution time at three different solu- 
tion temperatures. There is an indica- 
tion of a trend toward better results 
for the shorter time periods (1 hr. or 3 
hr.) at all the indicated solution tem- 
peratures. Without knowledge of the 
missing values in the table, it cannot be 
stated whether ? hr. or 1 hr. is the 
better solution time. Further there is no 
assurance that a different pattern 
would not be displayed for different 
aging treatments. 

The data are assembled in Table V 
to contrast the two aging temperatures 


of 1400 F. and 1500 F. for 16 hr. It ap- © 


TABLE IV.—EFFECT OF SOLUTION 7 RUPTURE: ALL SPECIMEN AGED 16 
1400 F. 


(Entries show average times and, in parenthesis, the number of specimens.) 


Solution 
Solution 
Time, hr. 


| Solution Tem- 
perature 2275 F.| 


Solution Temperature 2300 F. 


i“ at 1200 Tested at 1350 Tested at 1500 | Tested at 1200 Tested at 1350 Tested at 1500 
, 40,000 psi.* , F., 22,500 psi.* | F., 60,000 psi.* 


F., 40,000 psi.* | F., 22,500 psi.* 


® When other loads were used times were converted to standard load. 


were treated alike in all other respects. 
The two available sets are shown in 
Table III, one of which has results for 
all three test temperatures. These data 
display a fairly consistent upward 
_ trend with increase in the solution 


pears that 1400 F. is the better aging 
temperature. 

It is clear that one of the chief diffi- 
culties in analyzing these data, apart 
from the problem of the different testing 


conditions, arises from the fact that 
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of the 64 possible conditioning treat- 
ments (ignoring aging time) comparable 
data, that is, at a given test tempera- 
ture, is available on no more than 13 
different treatments, and comparisons 
among these are limited because the 
times and temperatures used exhibit 
no systematic pattern. 

The remainder of the paper takes up 
the problem of choosing among the vari- 
ous possible conditioning treatments 
those which will most efficiently lend 
themselves to the several comparisons 


TABLE V.—EFFECT OF AGING TEMPERATURE 
ON NUMBER OF HOURS TO RUPTURE, 
(Solution temperature for all specimens was 2300 F. 
All aged for 16 hr. Specimens were tested at 1500 F. and 
22,500 psi. or converted to this load. Entries show average 
times and, in parenthesis, the number of specimens.) 


Aging Tempera- 


ture, deg. Fahr. 


Solution Time, 
1 hr. 


Solution Time, 
2 hr. 


192 120 


(39) (1) 
1500... 84 86 
(4) (1) 


which have been attempted with the 
data in hand. 


EXPERIMENTAL PROCEDURES WITH 
Two Factors 


The determination of the optimum 
levels for just two factors, such as tem- 
perature and time, is analogous with 
mapping an area in search of its highest 
point. To be certain of finding the opti- 
mum combination it is necessary to in- 
vestigate all possible combinations of 
several levels for each of the two factors 
just as it is necessary to take the altitude 
at every point on a rectangular grid 
covering the area surveyed in order to 
find the highest point. A complete in- 
vestigation in this manner is very often 
a costly and time-consuming under- 
taking. 

For this reason, in a study of time 
and temperature, an investigator may 
select one time period and try runs at 
different temperatures. Having found the 


“best” temperature for this lime, a series 
of time periods are run holding the 
temperature constant at this “best” 
value. In this way an optimum time for 
this temperature is obtained. In the ab- 
sence of any other information, these 
values for time and temperature found 
in this manner are considered the best 
combination. By carrying through the 
analogy with the survey of a land area 
it is evident that this procedure does not 
guarantee that the optimum combina- 
tion (or highest point) will be located. 

The above simplified procedure as- 
sumes that the best temperature for an 
arbitrarily chosen time period is also the 
best temperature at all other time peri- 
ods. There is the possibility that an in- 
crease in the temperature is beneficial at 
one aging time but without effect or even 
detrimental at some other aging time. In 
other words the effect of a change in one 
factor depends on the setting of the other 
factor. Statisticians have a name for this 
state of affairs. They speak of such a 
phenomenon as an interaction because 
the factors are interacting with each 
other instead of producing effects which 
are independent and additive. 

Another experimental approach is to 
select combinations of time and temper- 
ature either more or less blindly or in 
the general vicinity of current practice. 
This method would require our mythical 
surveyor to parachute down at a number 
of points and determine the height at 
each point. There is only a small chance 
that the actual optimum combination or 
the highest point on the field will be 
found in this way, and even if the highest 
value found is really the optimum point 
it is usually impossible to prove that this 
is SO. 

This method has one advantage over 
studying the factors separately, since un- 
suspected favorable combinations may 
turn up. For example, if at the usual 
aging time the higher aging 
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produce poor results, this may lead to 
ruling out these higher aging temper- 
atures, whereas it may happen that the 
higher temperatures are superior at 
shorter than usual time periods. 


EXPERIMENTAL PROCEDURES WITH 


Many Factors 


The problems and difficulties encoun- 
tered with just two factors are literally 
multiplied by the inclusion of a third or 
additional factors. The multiplicity of 
choices often leads to jumping about the 


Xe 


(a) Third Factor z at Level 2, Interaction 
Between x and y. 
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arrange matters so that a given result 
may be compared with several others in 
turn. This is possible if every combina- 
tion is tried. As might have been sus- 
pected, the most fruitful selection, if a 
selection has to be made, involves a cer- 
tain degree of symmetry in the program. 


INTERACTIONS BETWEEN FACTORS 


It is the possible presence of interac- 
tions between the experimental factors 
that constitutes the core of the problem. 
An interaction between two factors may 


(b) Third Factor z at Level 22, No Interaction 
Between x and y. 


Fic. 1.—Interaction Between x and y. 


field of possible combinations in any- 
thing but a systematic manner. Data 
obtained in this way sometimes have the 
distressing characteristic that it is all 
but impossible to make meaningful com- 
parisons among the results. That is, two 
results obtained at different temper- 
atures may also differ in other respects, 
and it is, of course, impossible for any- 
one, statisticians included, to deduce 
which factor (or factors) accounts for 
the observed difference in performance. 
What is really needed is a guide to the 
selection of combinations to be tried 
which will maximize the number of 
meaningful comparisons for the amount 
of work done. It would be desirable to 


be graphically represented as shown in 
Fig. 1(@). Figure 1(b) shows the situation 
when there is no interaction between x 
and y. It can happen that the. situation 
shown in Fig. 1(a) holds if a third fac- 
tor z is at a particular level 2, and the 
interaction either disappears (Fig. 1(d)) 
or is altered at some other level, ze. If the 
degree of interaction between two factors 
x and y is influenced by a third factor, 
this is described as a second order inter- 
action. Obviously this complicates 
things, especially if it is now generalized 
to four or more factors. Fortunately 
there has now accumulated a consider- 
able body of experimental data where 
complete and exhaustive explorations of 
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all possible combinations of several fac- 
tors have been tried. These experiments 
show that, if as many as four factors are 
involved, the effect of the four-factor 
interaction may be ignored, and that, on 
the average the interaction of three fac- 
tors is of small importance compared 
with interactions of two factors. This 
amounts to saying that as sharp a con- 
trast as shown between the diagrams in 
Fig. 1 is relatively rare, that usually the 
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of various combinations leads to results 
that cannot be matched up for com- 
parisons. By assuming the absence of 
complicated interactions, it becomes pos- ' 
sible to make certain comparisons among 
the results which would almost surely 
not be attempted because the balancing 
out of the factors and two-factor inter- 
actions is not at all obvious. The re- 
lationships are somewhat involved, and 
it is the function of the mathematician 


Fic. 2.—Recommended Initial Sub-set 
Two Levels. 


relationships shown in Fig. 1(@) for ex- 
ample, will be, in the main, reproduced in 
Fig. 1(6). If this assumption can be 
made, a considerable saving may be 
effected in the number of combinations 
which have to be run to disclose not 
only the primary effect of the factors 
separately upon the performance, but to 
establish the existence of interactions (as 
in Fig. 1(a)) between pairs of factors. 
What this boils down to is an impor- 
tant point quite overlooked in most ex- 
perimental studies. It was mentioned 
earlier that a more or less erratic trying 


in Exploratory Investigation of Six Factors Each at 


to indicate the mathematically best selec- 
tion of combinations and to list the per- 
missible comparisons. 


SELECTION OF TREATMENT 
COMBINATIONS TO BE 
STUDIED 


In an investigation involving several 
variables, say six factors each at two 
levels there are in all 2°, or 64 treatment 
combinations. These are shown in Fig. 2. 
If it can be assumed that the three-factor 
and higher order interactions are negli- 
gible, a selection of just half of these 
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treatment combinations can be made 
that will make it possible, (a) to de- 
termine the relative importance of the 
several factors, (b) to ascertain the extent 
to which the effect of a given experimen- 
tal factor is altered by changing the level 
of any other factor, and (c) to make an 
estimate of the accuracy of these com- 
parisons. The best selection of 32 out of 
the 64 is shown by the starred cells in 
Fig. 2. : 


left half and contrast this with the aver- 
age of the 16 on the right in order to 
detect, with all the power that an aver- 
age of 16 gives, whether or not there is 
some small persistent advantage in one 
level of A over the other level. 

The above comparison of A; and A, 
ignores the question of the interacting 
effect of other variables. This effect may 
be revealed by noting that of the 16 runs 
at each level of A there are eight with 


Inspection of the starred entries in 
the diagram reveals that 16 runs have 
been made at the level A; of factor A, 
and that these are matched by 16 other 
runs with A at level Az. The matching 
is a bit involved as will be apparent 
from scrutiny of the four selections in 
the top line, two of which are at level 
A, and the other two at level Ao. These 
four are identical as far as factors D, E, 
and F are concerned. But the factors B 
and C are not used in the same combina- 
tions for A; as for Ao. This state of affairs 
exists in every row and makes it possible 
to take the average of the 16 runs on the 


the variable D at D, and eight at Dp. 
(This is also true for every pair of vari- 
ables.) The averages may therefore be 
taken over these sets of eight runs to 
form the following four averages: 


A at A; 
A\D, 

The comparison of A; and A: at D, gives 


and at Ds, 


A = AD» = Ape 
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Dat De 
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If the difference between A; and A, 
depends on D, this is revealed by the 
difference between A p; and A po. Taking 
this difference is equivalent to combin- 
ing the sets A,D. and A2D, and com- 
paring with the combined sets AD, 
and A,D,. This comparison, called the 
interaction of A and D, uses all the data 


On STATISTICAL EVALUATION © = 959 


explained under the title “Analysis of 
Variance” in statistical texts. 

A similar relationship holds for any 
other factor due to the inherent sym- 
metry of the selection. If only one fourth 
of the 64 combinations are to be used 
the best selection is shown by the cells 
with Roman I in Fig. 3. 


OF FIVE FACTORS EACH AT THREE LEVELS. 


TABLE VI.—SELECTION OF 81 TREATMENT COMBINATIONS FROM THE 243 COMBINATIONS _ 


Aging temperature 1400 F. 


1500 F. 1600 F. 


Aging time, hr 16 


16 16 


Solution 
emper- olution 
Factor F ature Time, hr. 
deg. Fahr. 


2250 


and is analogous to the direct com- 
parison of the two levels of A. 

By a similar argument, regroupings of 
the data lead to estimates of interac- 
tions involving three variables. In this 
experimental arrangement it is assumed 
that these interactions are negligible 
and they are used as a yardstick to judge 
the significance of the comparisons dis- 
cussed above. These computations are 


This surveys the territory as well as 
can be done with this limited number of 
runs. It is obvious that with only this 
small fraction of the total number of 
treatment combinations, conclusions will 
be more limited and less authoritative. 
Nevertheless such an exploratory survey 
may serve to narrow down the field of 
investigation to manageable dimensions 
so that sufficiently intensive examina- 
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tion may be conducted therein. Thus 
this survey may show that the levels 
A, and D, are showing up best, and the 
question is still open on the other varia- 
bles. The cells with Roman II indicate 
a logical second phase which may suffice 
to settle the issues or at least to settle 
the matter on one of the variables, say 
E, in which case four more runs as 
shown by the cells with Roman III when 
combined with the prior runs constitute 
an intensive survey of these remaining 
three factors. 

It is obvious that there has been a 
marked saving by this step-wise pro- 
cedure, but this saving is only going to 
be possible provided the program is 
thought out in advance. Finally, it is 
clear that having used this procedure to 
single out the important factors, these 
particular factors can then be tried at 
additional levels at relatively small ex- 
penditure of effort. 

Five factors, each at three levels, 
yield 243 different combinations. From 
these, 81 treatment combinations may 
be selected which permit appraisal of 
the performance of the levels of the 
different factors. The selection of treat- 


ment combinations to be used are starre:| 
in Table VI. This design comes from 1 
paper by D. J. Finney.’ 

Many other investigations besides the 
alloy study discussed in this paper also 
involve the same problem of an immense 
number of runs. Very often the available 
laboratory or engineering facilities place 
a ceiling on the number of runs which 
can be made. This forces some selection, 
and the determination of the particular 
runs to be tried depends very largely 
upon the exercise of good engineering 
judgment. The best results will be ob- 
tained when this judgement is combined 
with the knowledge that certain selec- 
tions do make particularly efficient use 
of the data. The mathematical solution 
of this problem is a very recent develop- 
ment. Reports of the application of this 
technique are just beginning to appear 
in the literature and these indicate that 
it is going to be a valuable tool in the 
programming of extensive investigations 
of the characteristics and performance of 
new materials. 


2D. J. Finney, “Recent Development in the Design 
of Field Experiments: III Fractional Replication,” J our- 
ied Agricultural Science, Vol. 36, Part 3, pp. 184-191 
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ship described by the authors—be- 
tween the stress to rupture, hours to 
rupture, and temperature—is indeed 
very interesting. The reduction of all 
test data for this S-816 material to a 
semilogarithmic formula enables the 
prediction of results within the limits 
of the variables making up the formula. 
The results of such a prediction are here 
described. 

Using the authors’ values for z for 
the temperatures 1200, 1350, 1500, and 
1600 F., Fig. 4 is obtained relating z to 
test temperature. Selecting three tem- 
peratures and an applicable stress for 
each, a time to rupture was calculated, 
from the authors’ formula. Mohling of 
Allegheny-Ludlum Steel Corp., who 
furnished the original data, was kind 
enough to make the three tests to check 
the predictions. The test conditions, 
the predicted life time, and the actual 
life time are given below: 


Predicted 
Rupture 
Time, hr. 


Actual 
Rupture 
Time, hr. 


Test Tempera- 


Stress, 
ture deg. 


ahr. psi. 


1250 595+ 
1450 69.5 
1550 58 


Mr. J. G. THompson.?—I still am a 
little suspicious of predictability of high- 
temperature test results. I cannot forget 
the great amount of work that was 
done some years ago in investigating 
the possibility of accelerated creep 
tests, in the hope that the results ob- 
tained from them could be extrapolated 

1 Chief Metallurgist, Materials Lab., Douglas Aircraft 
Co., Inc., Santa Monica, Calif. 


2 Chief, Division of Metallurgy, National Bureau of 
Standards, Washington, D. C. 


to the conventional long-time creep 
test results. 

Those attempts were not successful, 
and with that in mind, I feel that the 
conversion factor which has been dem- 
onstrated to exist for this particular 
set of stress-rupture data, applies to 
these data only, and within a limited 
range. 

I hope that additional work will 
demonstrate that a similar conversion 
factor can be found for other sets of data. 
Perhaps eventually we can disprove the 
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Fic. 4.—Relation of z to Test Temperature. 


old creep theory, and there may be some 
relation developed which will hold for 
all cases. 

Mr. H. C. AmtssBerc.*—The authors 
have given, I believe, the mathematical 
approach, that is, the approach of the 
mathematician to the unscrambling of 
high-temperature alloy data, and I cer- 
tainly commend them for that effort. 

3 Manager, Metallurgical Engineering, Materials En- 


gineering Dept., Westinghouse Electric Corp., East 
Pittsburgh, Pa. , 


‘ 
- 
| 


DISCUSSION ON STATISTICAL EVALUATION 


However, I doubt that that is the easy 
way to do it. I think the mathemati- 
cian somewhat resents the approach of 
the physical or mechanical metallurgist 
who obtains an enormous quantity of 
data, hands it to the mathematician 
and says “Please unscramble this for 
me.” It is a tough proposition. 


thought it might be easier to make rea- 
sonably good statisticians’ out of metal- 
lurgists by giving them the formulae 
and having them analyse the data. That 
has worked out quite well, we think, 
but it has certainly revealed the ex- 
tremely broad variability of high- 
temperature properties. I shall attempt 
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Fic. 5.—Comparison of Creep Rupture Life of Stellite 31 (AMS 5382) Tested at 1500 


F. and 30,000 psi. 


Heats before and after changes in melting practice. 


I believe the authors, to some extent, 
are making a plea to the metallurgist, 
in particular, that he review the pro- 
gram with the mathematician before 
running his tests, so that significant data 
are obtained, and that the maximum 
amount of information can be obtained 
from the laboratory data. 

At Westinghouse, we have taken 
somewhat the opposite approach. We 


to illustrate this, at the possible expense 
of laboring some simple statistics—and 
I want you to remember that I am not 
a statistician—I am alleged to be a 
metallurgist, of some sort. 

If the percentage axis of a cumulative 
frequency distribution curve is deliber- 
ately skewed symmetrically about the 
50 per cent line with a log scale, we 
have what is known as _ probability 
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paper on which a normal distribution 
plots as a straight line. On this proba- 
bility paper, the average value is that 
which falls at the 50 per cent ordinate. 
The standard deviation (sigma = a) is 
the difference between the 50 ‘per cent 
ordinate and either the 16 or 84 per 
cent ordinate intersection with the curve. 
This system is at once a simple butex- 
tremely powerful statistical tool. 

Of course, anyone familiar with sta- 
tistics understands that a finite number 
of observations does not necessarily 
infer the true distribution with abso- 
lute certainty. However, the area or 
envelope in which the true distribu- 
tion lies with a given probability can 
be calculated with ease. Such distribu- 
tion curves with their probability 
envelopes (95 per cent certainty level) 
are shown in Fig. 5. 

The broad range over which rupture 
time varies for an alloy, even with all 
manufacturing variables held as con- 
stant as possible, becomes immediately 
obvious. The variation between the 2 
and the 98 per cent properties is at least 
an order of magnitude. We find that 
this same order of variation appears to 
hold for all high-temperature properties 
of alloys, cast or wrought. Even when 
a number of samples have been taken 
from one piece of bar stock of an alloy 
and given one treatment, the variability 
is at least a part of a magnitude, say 
from 10 to 35 hr. for rupture time. 

Figure 5 illustrates very nicely how 
this method of analysis can be used to 
determine if a truly significant improve- 
ment has been brought about by a 
process change, as has been the case 
here. The mean properties have been 
raised, but more importantly, the proc- 
ess modification has increased the uni- 
formity as indicated by the decreased 
slope of the curves. The greatest change 
therefore has been in the minimum 


value—all-important from the design 
and service standpoint. 

I should like to ask the authors if the 
data employed in their mathematical 
study have been tested in some manner 
for significance, because we find that an 
absolute minimum of six and very fre- 
quently as many as 15 points are needed 
to establish a distribution with any 
reasonable accuracy. Statistical theory 
tells us that for a given probability, 
the width of the bands is a function of 
the variability of the data and the 
number of tests. For a very few points 
the probability bands tend to be ex- 
tremely wide, with considerable over- 
lapping very likely. Thus it may be 
difficult or impossible to determine to 
which family a given value belongs. In 
the accompanying chart there is over- 
lapping above about the 80 per cent 
line even though these curves are de- 
rived from 20 values each. If the first 
values obtained lay in this region (a 
distinct possibility) and test work then 
stopped, grossly misleading conclusions 
could be drawn. Our experience shows 
that sufficient data must be obtained 
and suitably analyzed for a proper se- 
lection of alloys to be made. 

Mr. J. M. Cameron (author).—The 
relation between time to rupture and 
the load and test temperature used 
here was evolved after some trial and 
error and seemed to fit the data ade- 
quately. It is desirable to have such a 
relationship in order to facilitate the 
analysis of data obtained under different 
testing conditions and to effect a re- 
duction in testing since data from one 
set of conditions can be used to predict 
performance under diverse conditions. 
To be valid, the form of the relation- 
ship should be derived from theoretical 
considerations. Since our z value does 
not have such theoretical support it is 
not surprising to find on some occa- 
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sions experimental results that disagree 
with the predicted value as pointed 
- out by Mr. Shapiro. 

I agree with Mr. Amtsberg’s remark 
that the job of reducing a large mass of 
data can at times be a discouraging one 
for the mathematician. If some atten- 
tion is given to the problems that arise 
in the analysis of large masses of data, 
prior to the completion of the tests, 
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there will be an opportunity to include 
those tests which will facilitate the 
mathematical analysis. 

It seems to me that in due time a lot 
of things which now look to be purely 
mathematical or statistical will become 
part of laboratory technique. Experi- 
mental designs, patterns, and schedules 
are properly the concern of the labora- 
tory man. 
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MAGNESIUM-CERIUM WROUGHT ALLOYS FOR 
ELEVATED-TEMPERATURE SERVICE* 


By K. Gruse,? J. A. Davis,? anp L. W. Eastwoop* 


This paper, the second in a series on 
the development of aluminum- and 
magnesium-base alloys for elevated tem- 
perature, deals with magnesium-cerium 
wrought alloys for this type of service. 

The general aim of the investigation 
described in this paper was the develop- 
ment of magnesium-cerium alloys having 
better load-carrying capacity at 600 F. 
than existing wrought alloys of the 
EM62, EM42, and EM22 types. All 
three of these alloys contain approxi- 
mately 1.6 per cent manganese and 6, 
4, and 2 per cent rare earths, respec- 
tively. 

The development of magnesium-rare 
earth casting alloys described in a re- 
cent paper* was coordinated with the 
parallel study of the wrought alloys. 
As in the development of magnesium- 
cerium cast alloys, rare-earth additions 
rather than cerium were made to mag- 
nesium. However, for the sake of con- 
venience, the term “cerium” will be 
used, though the addition actually was 
“rare earths” composed of approxi- 
mately 50 per cent cerium and the 
balance mainly other metals in the rare- 
earth group. 


* Presented at oe ee third Annual Meeting of the 
Society, June 26-30, 

1 The work described i jn this paper was ay mnen by 
the Nat. Adv. Commitee for Aeronautics, un Contract 
NAw-5385 during the period from August 20, 1946, to 
August 20, 1947, and Contract NAw-5627 during the period 
July 19, 1948, to July 18, 1949. 

* Research Engineer, Battelle Memorial Institute, 
Columbus, O) 
Onk “Battelle Memorial Institute, Columbus, 
io. 

4K. Grube and L. W. Eastwood, “‘Magnesium-Cerium 
Cast Alloys for Elevated- Temperature Service,” Pro- 
ceedings, . Soc. Testing Mats., Vol. 50, p. 989 (1950). 


EXPERIMENTAL PROCEDURES 


The general procedure consisted of 
melting the alloys, casting them into 
an extrusion billet, scalping the billet 
to approximately 3 in. in diameter, 
extruding the billet to ? in. in diameter, 
heat treating the bars, and then per- 
forming the following tests: 

1. Tension tests at room temperature. 

2. Tension tests at 600 F. 

3. Short-time creep tests at 600 F. 
As will be shown later, more detailed 
tests were made on an improved alloy 
selected for further study. 


Melting and Casting: 


The methods of melting, making the 


various alloy additions, and casting 
were the same as those described else- 
where.* The metal was poured into 
33-in. diameter steel molds and, in 
some instances, into the green sand 
4-bar test-bar mold, into chill-cast slabs 
5 by 5 by 3 in. thick or 8 by 6 by 1 in. 
thick, and into forging ingot 5 by 5 by 
8 in. high. The forging ingot mold con- 
sisted of cast iron side walls with a 
copper bottom and a refractory hot 
top to insure adequate feeding. This 
mold, not preheated, was tilted and 
filled to the top of the refractory riser. 

A special water-cooling technique was 
employed to chill the 3}-in. diameter 
extrusion billet. The steel ingot mold 
was preheated to a temperature equal 
to the pouring temperature of the metal, 
namely, about 1350 F. 
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ingot mold was than tilted and the 
melt poured down the side with a 
minimum of turbulence. Because the 
mold was preheated, it was possible to 
let certain heavy nonmetallic particles, 
which may have entered the ingot 
mold, settle to the bottom of the ingot. 
Water was then introduced in a tank 
in which the ingot mold was placed. 
The water level was raised gradually, 
during which time the ingot mold was 
vibrated. In this way, directional solidi- 
fication from the bottom upwards was 
obtained. A short piece was cut from 
the bottom end as well as the top end 
of the extrusion billet. It was also 
scalped over the entire surface to 3,5 
in. in diameter prior to extrusion. 

Usually, only the 3}-in. diameter 
extrusion billet was cast. When test 
bars were poured, they were heat 
treated and subjected to tension tests 
at room temperature and 600 F. and, 
in some instances, also to creep tests 
at 600 F. Flat slabs were occasionally 
poured and then rolled to sheet in 
order to compare the room-temperature 
and high-temperature properties of the 
alloy in the form of sheet. This was 
done only with compositions of maxi- 
mum interest. 


Heat Treatment and Testing: — uN. 


Most of the alloys were solution 
heat treated at 1040 F., cooled in air, 
and aged at 400 F. prior to test, as 
described in another paper.‘ The bars 
tested at 600 F. or at other elevated 
temperatures were stabilized according 
to the following schedule: 

1. Those tested at 300 F. were placed 
in the heat-treated and aged state. 

2. Those tested at 400 F. were first 
heat treated and aged, then annealed 
for 24 hr. at 500 F. prior to testing. 

3. Bars tested at 500 F. were first 
heat treated and aged, and then an- 

4 hr., prior to 
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4. Bars tested at 600 F. were heat 
treated and aged, then stabilized for 
24 hr. at 650 F. prior to testing. 

Tension tests were made at room 
temperature and at 600 F. More com- 
plete tension tests were conducted on 
the alloy of optimum composition at 
300, 400, 500, and 600 F. The creep 
test for screening the alloys was con- 
ducted at 600 F. under a 2000-psi. load. 
Creep tests were also run at other 
loads on the alloy of optimum composi- 
tion at 600 F. The methods of making 
the high-temperature tension tests and 
creep tests are the same as those de- 
scribed elsewhere.‘ 


FABRICATION METHODS 


A 250-ton press, Fig. 1, was used to 
make the extrusion by the indirect 
method. The tools used for this indirect 
extrusion are illustrated by Fig. 2. 
Billets 3,6 in. in diameter were ex- 
truded to #-in. rod for the experimental 
tests. The indirect extrusion method 
was chosen over the direct method for 
the following reasons: 

1. Lower maximum pressures are re- 
quired, thereby permitting the use of a 
larger extrusion billet for a given press 
capacity. 

2. The extruded rod is reported to 
be more uniform from end to end be- 
cause of the manner in which the metal 
flows from the container through the 
die. 

When using this method, the ex- 
trusion billet was placed in the pre- 
heated container, the die at the end of 
the ram was moved downward, and the 
metal extruded through the hollow ram 
up through the open top of the press. 

In order to establish the effects of 
extrusion procedure, a number of ex- 
trusion variables were studied, as de- 
scribed later in this paper. 

A single-stand, 12-in. experimental 
rolling mill was employed for rolling 
some of the experimental alloys. Fre- 
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quent reheating and light reductions per 
pass were found to be prerequisites 
necessary for the production of suitable 
sheet material. 

The forging tests on the 5 by 5 by 
8-in. ingot were carried out on an air- 
driven drop hammer. The dies were 
not preheated prior to the forging tests. 
In all probability, press forging would 


and extrusion rates of 4.1, 8.9, and 27.3 
ft. per sec. are shown by Fig. 3. These 
data are for EM62 alloy, heat treated 
16 hr. at 1040 F. and aged 16 hr. at 
400 F. It is quite evident that the lower 
speeds and higher extrusion tempera- 
tures produce the highest tensile strength 
and yield strength, with somewhat 
lower elongation. 


Tensile and Yield Strength, psi 


| 


Elongation in 
2in., percent 


E=Elongation 


Y=Yield Strength 
T=Tensile Strength 89 
27.3 


Round in 
Inches per Min ute 


Extrusion Speed ofa 


800 


850 


900 950 


Extrusion Temperature , deg. Fohr. 


be more practical than the drop forging 
method employed. However, press forg- 
ing equipment was not available. 


EXTRUSION VARIABLES 


The principal factors affecting the 
quality of the product of the extrusion 
process are degree of reduction, rate of 
extrusion, and temperature of extrusion. 
The effects of extrusion temperature 


The effect of the degree of reduction 
by the indirect extru' n method was 
also investigated. For this work, EM62 
composition was extruded at 800 and 
1000 F. through a 3-in. diameter die 
(37:1 reduction) and a ?-in. diameter 
die (16:1 reduction), using an extru- 
sion speed of 4.11 in. per min. Some of 
the extruded material was heat treated 
16 hr. at 1040 F. and aged 16 hr. at 


Fic. 3.—Effect of Extrusion Spee Temper m-Temperature Properties. 
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(a) Center of a Longitudinal Section from a 1- 
Extrusion. Reduction 7:1, 85.9 per cent. 
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(b) Center of a Longitudinal Section from a %-in.-Dia- 
meter Extrusion. Reduction 16:1, 93.75 per cent. 


ar 


(c) Center of a Longitudinal Section from a 1%-in.-Dia- 
meter Extrusion. Reduction 37:1, 97.22 per cent. 
Fic. 4.—Microstructure of EM62 Magnesium Alloy After Extrusion Reductions of 85.9, 93.75, 
and 97.22 per cent. Unetched, as Extruded (100). 


400 F. The rest of the extruded bar was 
not solution heat treated, but was 
given only a stabilizing treatment of 
24 hr. at 650 F. Tensile properties were 
obtained at room temperature and at 
600 F., and creep tests were also run 


at 600 F. 
As a result of the work, it was found 


that the tensile properties at room 
temperature and at 600 F. and the re- 
sistance to creep of this alloy at 600 F. 
were not appreciably affected by the 
degree of reduction by extrusion in the 
range of 16:1 and 37:1. Photomicro- 
graphs of EM62 alloy given 7:1, 16:1, 
and 37:1 reductions by the indirect 
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extrusion process are shown by Fig. 4. 
It will be noted that some improvement 
in uniformity of the structure occurs 
when the degree of reduction is increased 
from 7:1 to 16:1, but relatively little 
improvement results from the further 
increase of 16:1 to 37:1. 


Standard Extrusion Procedure: 


As a result of the study of the ex- 
trusion variables, the standard method 
of extrusion selected for the fabrication 
of experimental alloys was as follows: 

1. A rate of 4.1 ft. per min. 

2. A reduction of 16:1, resulting in a 
3-in. diameter extrusion. 

3. Extrusion temperature about 1000 
F. with the container temperatures at 
950 to 1000 F. 


Errects oF HEAT TREATMENT 


The EM62 alloy extruded by the 
standard conditions outlined above was 
subjected to tension tests at room 
temperature and 600 F. and to creep 
tests at 600 F. The alloy was tested 
after heat treating for 16 hr. at 1040 F., 
and aging 16 hr. at 400 F. These speci- 
mens tested at 600 F. were also stabi- 
lized 24 hr. at 650 F. The effects of the 
solution-heat-treating EM62 extrusions 
are shown by the following data: 


Stabilized Aged 
Property Only 
Tensile strength at room tem- 
perature, psi. 31 500 31 500 
Yield strength, 0.2 per cent 
offset, at room temperature, 


ee eee 22 500 25 000 
Elongation in 2 in. at room 
temperature, per cent.... 5.0 3.5 
Tensile strength at 600 F. psi. . 9750 
Yield strength, 0.2 per cent 
offset at 600 F., psi.. 5500 
Elongation in 2 in. at 600 F., . 
135 
hy: 1300 psi. 
» per cent per 
0.01 to 0.03 0.0004 


It is quite evident that the solution 
heat treatment has a very beneficial 
effect on both the tensile ‘Properties 


and the creep resistance at 600 F. but 
has little or no effect on the room- 
temperature tensile properties, at least 
when the stabilizing treatment of 24 
hr. at 650 F. is also applied. 

The effects of heat treatment were 
rechecked on EM42 alloy extrusion as 
shown by the data in Table I. The data 
on the room-temperature tensile prop- 
erties appear to vary somewhat with 
the different heats. However, solution 
heat treating has a slightly beneficial 
effect on the tensile strength at 600 F., 
relatively little effect on the yield 
strength at 600 F., but improves the 
resistance to creep appreciably. 

As will be shown later, the creep 
results on EM62 and EM42 extruded 
alloys are somewhat erratic. However, 
because of the above results, solution 
heat treatment appeared to be bene- 
ficial, and all the alloys were heat 
treated for 16 hr., usually at 1040 F., 
followed by an aging treatment of 16 hr. 
at 400 F. The alloys tested at elevated 
temperature were stabilized prior to 
test as indicated previously.‘ 


ALLOY DEVELOPMENT 


After investigating the effects of 
extrusion techniques, the alloy develop- 
ment was undertaken. The general 
procedure consisted of first determin- 
ing the effects of manganese and cerium 
in order to establish the proper base 
composition. A systematic study was 
then undertaken of the effects of various 
alloy additions to this base. Again, the 
general procedure was to determine 
the effects of single additions to this 
base by obtaining tensile properties at 
room temperature and at 600 F. and 
subjecting the experimental composi- 
tion to the standard creep test consisting 
of either 1300 psi. or 2000 psi. load ap- 
plied at 600 F. This test was run ap- 
proximately one week and then dis- 


continued if the creep resistance was 
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TABLE L.—EFFECT OF VARIOUS HEAT TREATMENTS ON THE PROPERTIES OF EXTRUDED EM42 ALLOY. 


Analyses, 
per cent 


| Manganese 


| Cerium 


Tensile Properties* 


Creep Properties at 600 F.-2000 psi. Load 


0.2 per cent 


Offset, psi. 


psi. 


. 


BER 


> Test Temperature, 
| deg. Fahr. 
~=% | Yield Strength, 


Tensile Strength, 


3. 


35 550 
10 450 


37 150 
11 275 


37 900 
11 700 


41 000 
| 11 400 


| 38 500 
11 100 


in., per cent 
eduction of 


| Elongation in 2 


nd 


| R 


Area, per cent 


306.0 


98.0! 


Defor- 
mation 
at End 
of 120 
hr., per 
cent 


Contraction 
on Release of 
per cent 


0.042 0.019 


0.034 0.0007 


Water 
quench 


Water 
0.030{ 


Oil 
quench 


0.043, 


; Average of two tests. 


Aged—Heated for 16 hr. at 400 F. and air cooled. 
foes and Stabilized—Stabilized at 650 F. for 24 hr. after the above aging 
HTA—Solution heat treated at 1040 F. for 24 hr., air cooled, and aged 16 


r. at 400 


treatment. 


F. 


HTQA—Solution heat treated at 1040 F. for 24 hr., quenched in either water or oil, and aged at 400 F. for 16 hr. 
HTQAS—Same as above, but stabilized 24 hr. at 650 F. following the aging treatment. 
HTAS—Same as HTA, but stabilized 24 hr. at 650 F. and air cooled, following the aging treatment. 


TABLE IL—EFFECT OF MANGANESE ON THE TENSILE PROPERTIES OF EXTRUDED MAGNESIUM- 
CERIUM ALLOYS AT ROOM TEMPERATURE AND 600 F. 


Man- 
ganese, 
per cent 


Room Temperature® 


| 


600 F. 


Yield 
Strength, 
0. 
per cent 
Offset, 
psi. 


| Tensile 
Strength, 
psi. 


Elonga- 
tion, in2 
in., 
per cent 


Yield 
Strength, 
0.2 


| per cent 
Offset, 
| psi. 


Tensile 
Strength, 
psi. 


Elonga- 
tion in2 


in., 
per cent 


Minimum Total De- 
Creep formation 
Rate, | at End 

per cent of 120 hr., 

per hr. | per cent 


2 per cent Cerium 


17 575 
26 650 


| 28 500 
| 32 750 
| 29 625 
33 250 
31 450 
33 000 


Very high Failed 
0.002 0.27 


4 per cent Cerium 


Failed 
4.7 


lVery high! 
0.030 
0.023 4.4 
5.0 
13 


0.016 
0.01 


* HTA—Solution heat treated at 1040 F. for 24 hr., air cooled, and aged 16 hr. at 400 F. 

> HTAS—Same as HTA, but stabilized 24 hr. at 650 F. and air cooled, following the aging treatment. 
Load applied to produce a crosshead movement of 0.01 in. per min. per in. of gage length until the 0.2 per cent offset 
yield was obtained; rate then increased to 0.03 in. per min. per in. of gage length. 


In- | M | 
hr. ti i 
ion, ce 
per | per cent 
cent 
A4932 
A4932 Age 4 i. 
A4931 Age 0.039 0.0045 | 0.630; 1.37 | 0.010 
A4932 St) A& : | : 
A4928 HTAS | 600| 7 55 5.3) 86.5 170.0) 0.042,0.0038 | 0.495 | 0.682 | 0.046 
A4931 :50/ HTAS | 600 | 306.0, 0.042/0.00025| 0.197 | 0.312 | 0.036 j 
A4931 .50) HTAS | 600 306.0) 0.044 0.0014 | 0.275 | 0.670 | 0.042 en) | 
ASI11 1.61, HTA 70 | 32 3.0, 
| HTQAS | 600| 7 3.7) 73.3 
1 
A4929 | 4.40, 1.49 HTOA 70 | 38 125 | 3.5) 4.1 
A4928 | 4.43 1-48) HTQAS | 600| 7 305.0 0.268 | 0.: 
| 
A4928 | 4.43 1.48 HTQA | 70! 33 4.8 
| HTOAS 600 | 7 5.2, 94.7, 331.0 00045, 0.215 | 0.. 
fi 
* 
Heat 
i 
7.4 | 6 100 9 475 115 
ASHIO..............] 0,89 20 625 4.8 5900 | 8 550 128 Ft 
28 400 5.5 7200 | 9850 95 0.002 0.39 
25 350 5.5 7150 | 9 325 81 0.001 0.30 
27 250 7.2 7 400 9 950 116 0.001 0.29 
29 100 | 32 350 5.7 4 925 10 125 1; 
26 175 | 3) 850 6.5 6150 | 10 400 1 = 
1.03 | 25 280 | 30 700 5.5 6 575 | 10 675 1 
A4844..............| 1.38 | 24850 | 30 250 3.5 6700 | 10 800 1 ra £ 
7 AAQA2 1 64 27 ASD 239 ann cs? 11 200 1 
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not appreciably better than that of the made to combine those additions which 
base composition. If it did have ap- had a beneficial effect in order to obtain 


TABLE III.—EFFECT OF VARIOUS HEAT TREATMENTS ON THE PROPERTIES OF MANGANESE-MAGNE- 
SIUM EXTRUDED ALLOYS CONTAINING VARIOUS AMOUNTS OF CERIUM. 


——_ Tensile Properties* Creep Properties-2000 psi. Load 


, 0.2 


set, 


ent Off 


per cen 


Yield S 


Fm 
oc 


Rin Su 
ou 


5.33 | 1.75 | 3.5 
92.3 


* Average of two tests. 
HTA—Solution heat treated 24 hr. at 1040 F., air cooled, and aged at 400 F. for 16 hr. 
HTAS—Stabilized 24 hr. at 650 F. after the HTA treatment. 
HTQAS—Water quenched from the solution heat-treating temperature. Aged and stabilized as above. 
ANN—Furnace cooled from solution heat-treating temperature after soaking for 24 hr. 

© Measured after rupture. 
Specimen broke. 

* One test value. 


ats a preciably higher resistance to creep, still further improvement in the high- 
_ then the test was extended to approxi- temperature properties of the wrought 
_ mately 300 hr. An attempt was then magnesium-cerium alloys. 


Test ame, | Con- 
Heat em- > Re- In- inl- e- trac- | 
Treat. |, Elong-| duc- itial | Mum | form-| Total} tion 
Man-| ment’ |ature, ation | tion | Du- De- | Creep | ation} De- | on 
Cer- deg. | 2 in 2 of ra- | form-| Rate, | End | form-| Re- 
ium I in Area.| tion, per jof 120 ation,| lease 
a +» per ’ ation, h f 
2. cent | per | per Load 
a a om cent cent per’ 
cent 
0.0 | 1.80] 27 000 | 30 450] 
HTAS 600 | 3400] 4 400 63.0] 244 | 0.041]0.0046 | 0.680] 7.65 | 0.010 
7 HTQAS | 600 607 | 0.042/0.0003 | 0.090] 0.281) 0.044 r 
AS257.....] 0.0 | 1.84] HTA 70 | 30 200 | 35 000 2.4 
HTQA 70 | 23 500 | 33 750 3.6 
HTAS 600 | 3175] 4 000 9.0] 97 | 0.052]0.012 | .....| 4.10] 0.030 : 
HTQAS | 600 | 4675] 5 400 2.7 | 553 0.047/0.00046) 0.114) 2.6°| 4 
AS258.....| 0.20 | 1.94] HTA 70 | 24 900 | 27 250 1.7 
x HTAS 600 | 5150] 8 300 7.9] 566 | 0.043]0.0004 | 0.110] 2.6°] 4 
AS109.....| 0.41 | 1.65| HTA 70 | 23 900 | 31 000 
HTAS | 600 | 6075] 9 200 8.8 | 599 0.046]0.0020 | 0.301] 1.48 | 0.040 
7 HTQAS | 600 594 | 0.041]0.0040 | 2.92 | 5.42 | 0.040 
nad » ANN 600 56 | 0.049]0.077 5.71 | 0.050 \ 
0.73 | 1.86 | HTA 70 | 26 625 | 32 100 3.9 I 
= HTAS 600 | 6275] 8 750 0.1 | 336 | 0.044]0.0022 | 0.230] 0.502] 0.044 
1.34] 1.56] HTA 70 | 29 900 | 35 375 7.5 
HTAS 600 | 7 275 | 10 650 79.7 | $97 | 0.041]0.0014 | 0.303] 1.05 | 0.050 
HTQAS 600 599 } 0.043]0.001 | 0.375] 0.952] 0.034 
AN 600 152 0.044]0.057 | 7.500] 9.92 | 0.070 
1.39 | 1.98] ATA 70 | 31 soo | 35175] 7.0] 7.3 
HTAS | 600 | 7100] 9750] 100.0] 74.2 | 609 | 0.04610.0019 | 0.285] 1.89 | 0.030 ( 
AMOTS.....] 2.41] 1.90] HTA 70 | 27 250] 33000] 7.2] 10.6 2 
‘. HTAS 600 | 7400] 9 950] 116.0 | 83.2 | 621 | 0.049]0.0008 | 0.294] 0.714] 0.027 I 
HTQAS 600 601 | 0.050}0.0035 | 0.500] 3.04] ..... 
AN} 600 Si} 0.055]0.175 | .....]11.04 | 0.040 Cc 
A974... . 4.31] 1.77] HTA 70 | 31900] 36150] 4.0] 5.8 is 
HTAS 600 | 7725] 10 500} 91.7 | 84.5 | 551 | 0.043]0.0034 | 0.520) 1.96 | 0.050 
HTQAS 600 602 | 0.041/0.0006 | 0.300) 0.675] 0.032 0 
AN 600 102 | 0.046]).060 | .....| 6.95 | 0.050 
A4973.....| 6.01 | 1.81 | HTA 70 | 27 500| 37 S00} 2.8] 3.3 a 
HTAS 600 | 7 750] 10 850] 122.5 | 89.7] 360 | 0.042]0.0020 | 0.504) 1.53 | 0.045 
HTQAS | 600 594 | 0.046]0.00043, 0.230, 0.445] 0.045 0 
- ANN 600 126 | 0.040/0.077 | 9.000 9.96 | 0.040 b 
| 
a 8 | 0.050/0.010 | 1.130 4.80 | 0.040 
4 | 0.040,0.00075) 0.550 0.899. 0.035 
b 
ce 
al 
tu 
st 
ce 


Effects of Cerium and Manganese Con- 
tents: 


The effects of manganese were deter- 
mined in the range 0.0 to 1.9 per cent 
in a 2 per cent cerium base and in a 4 
per cent cerium base. The tensile prop- 
erties at room temperature and 600 F. 
and minimum creep rate and total 
deformation at the end of 120 hr. at 
600 F. are shown in Table II. The fol- 
lowing conclusions may be drawn from 
these data: 

1. The manganese content in the 
range 0 to 1.9 per cent does not have 
an appreciable effect on the room- 
temperature tensile strength, yield 
strength, or per cent elongation of the 
extrusion containing 2 or 4 per cent 
cerium. 

2. The tensile strength and yield 
strength at 600 F. increase appreciably 
with manganese content up to approxi- 
mately 1 per cent. No advantage is 
obtained by increasing the manganese 
above this amount. 

3. The creep resistance is poor in the 
manganese-free alloys in the HTAS 
(solution heat treated at 1040 F. for 
24 hr., air cooled, aged 16 hr. at 400 
F., stabilized 24 hr. at 650 F. and air 
cooled) condition. The creep resistance 
is improved markedly by the addition 
of the manganese, but no further im- 
provements appear to be obtained by 
additions greater than approximately 
0.6 to 0.8 per cent manganese, or possi- 
bly even lower amounts. 

4. When the manganese is approxi- 
mately 1 per cent, the 4 per cent cerium 
base has a higher ultimate tensile 
strength at 600 F. than when the 
cerium content is 2 per cent. However, 
the higher cerium base does not produce 
any improvement in the room-tempera- 
ture tensile properties or in the yield 
strength at 600 F. But the higher 
cerium content, apparently, has an 
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adverse effect on the creep resistance 
at 600 F. under a 2000 psi. load. 

The effects of cerium content in a 
base containing 1.5 to 1.9 per cent 
manganese are shown by the data in 
Table III. This table also shows the 
effect of annealing magnesium-cerium- 
manganese alloys and the relative merits 
of air cooling versus quenching from 
the heat-treating temperature. 

The following conclusions may be 
drawn from the data in Table ITI. 

1. In the 1.6 to 1.8 per cent man- 
ganese base, the addition of about 1.4 
per cent cerium slightly improves both 
the ultimate strength and yield strength 
at room temperature, though the data 
are slightly variable. No appreciable 
additional advantage is obtained by 
increasing the cerium content above 
approximately 1.4 per cent. The cerium 
content in the range 0 to 6 per cent 
does not appear to have an appreciable 
effect on the room-temperature elonga- 
tion of the alloys in the HTA condition. 

2. Increasing the cerium content in- 
creases the ultimate tensile strength 
and yield strength at 600 F. This im- 
provement apparently continues with 
cerium content up to at least 6 per cent, 
but the improvement obtained with ad- 
ditions greater than 1.4 per cent cerium 
is not very marked. 

3. The cerium content does not have 
a very marked effect on the creep re- 
sistance of the manganese-containing 
alloys in the HTAS condition at 600 F. 
There does, however, appear to be a 
minimum in the creep rate and in the 
total deformation at the end of 120 hr. 
when the cerium content is in the range 
of 1.4 to 2.4 per cent. It will be shown 
later that the creep rates of the mag- 
nesium-cerium wrought alloys of the 
EM62, EM42, and EM22 types, at 
600 F. under a 2000 psi. load, are quite 
variable and that this variability ap- 
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pears to increase with the cerium 
content. 

4. Annealing these manganese-contain- 
ing alloys has a very harmful effect upon 
resistance to creep at 600 F. whether they 


contain cerium or not. 


TABLE IV.—TYPES OF ALLOYS INVESTIGATED. 


Addition 


Mn) 

EM22 (2 per 
Ce, 1.8 per 


t 
0 to 1.9 per cent Mn 
t 


0 to 1.7 per cent Mn 
0 to 6 per cent Ce 
t 
Zr, Zr + Zn 
t 


t 
.| B, Nae Bi, Cd, Cu, In, Pb, Sb, 
Sn, 5S Si, Te, Ti, Z Zn, Zr, Be, Li, 


As, Ch, Ta, In 
Al, Cd, Ni, Sr, Te il 


1 

cent 

, 0.7 to 1.9 per 7 

cent Mn, 0.2 per 
cent Ni 


Mo, Sr 
r 


Mg—2 per cent 
te, 1.7 per cent) 
Ma, 0.2 per cent) 


* Mg—Magnesium 
Ce—Cerium 
Mn—Manganese 


Ni—Nickel. 

5. Quenching from the solution-heat- 
treating temperature has a _ variable 
effect on the creep resistance at 600 F. 
Although the results are not consistent, 
quenching from the solution-heat-treat- 
ing temperature appears to have a 
slightly beneficial effect on the resistance 
to creep. At 0 per cent cerium, this 


effect is very marked, and the highest 
resistance to creep at 600 F. was ob- 
tained in the cerium-free, 1.8 per cent 
manganese alloy, quenched from the 
solution-heat-treating temperature of 
1040 F. 

6. Apparently, the presence of some 
cerium in the alloy makes it possible 
to use air cooling from the solution-heat- 
treating temperature and still obtain 
good resistance to creep at 600 F. 

On the basis of these data, it is quite 
evident that both cerium and manganese 
play important réles in producing good 
high-temperature properties at 600 F. 
It also appears that a very satisfactory 
base composition is one which contains 
approximately 1.5 per cent manganese 
and 2.0 per cent cerium. Most of the 
alloy development was carried out on 
this base, although some of the early 
work was conducted on a base contain- 
ing 6 per cent cerium and 1.8 per cent 
manganese. 


Effects of Various Additions to the 


Ca, Al, Ag, Na, Sr, W, Mo, K, 2 ? 
Ni, Fe, Ge, V, Ti, Co, Cr, P, k- a EM62 and EM21 Bases: 


Approximately 195 heats were pre- 
pared of the types listed in Table IV. 
Of these heats, approximately 27 were 
the EM62, EM42, or EM22 types, and 
24 were employed to establish the effects 
of manganese and cerium content. Most 
of the other heats prepared were com- 
posed of a base of 6 per cent cerium 
and 1.8 per cent manganese, or 2 per 
cent cerium and about 1.5 per cent 
manganese. 

Tensile properties at room tempera- 
ture and 600 F. were obtained on all 
of these compositions, and most of 
them were also subjected to the stand- 
ard creep test at 600 F. under 2000 psi. 
load. 

Figure 5 shows the total creep in 
120 hr. and the minimum creep rate 
obtained on a number of experimental 
alloys containing 6 per cent cerium, 
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1.8 per cent manganese, and other 
additions. Data are also represented on 
three heats of the EM62 base. Consider- 
able variation in the creep properties 
of this base is noted. Several additions 
appear to have a beneficial effect on 
the resistance to creep, though, in view 
of the variability of the test results, 
the data are not conclusive. Figure 6 


crease and the variability in results to 
decrease as the cerium content is lowered 
to 2 per cent. 

Because nickel was found to be a 
useful addition in the cast alloys, as 
described in another paper,‘ it was also 
tried in the wrought alloys containing 2 
per cent cerium and 1.8 per cent man- 
ganese. It was found that this addition 


—— EM 22 Composition - 
Experimental Composition 


2% Ce,!.7 % Mn, 0.2% Ni 
4 Tensile Strength 
© Yield Strength 


Numbers Indicote 


| 


Number of Heats Tested 
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100 200 


300 


400 500 600 


Test Temperature, deg Fahr 
Fic. 7.—The Effect of Temperature on the Tensile Properties of Extruded EM 22 Alloy and 


Experimental Alloy Containing Nickel. 


Tested in the HTA Condition at Room 


Temperature and HTAS Condition at Elevated Temperatures. 


shows similar data on a number of 
EM62, EM42, and EM22 heats as well 
as several low-cerium alloys and alloys 
containing 2 per cent cerium, 1.8 per 
cent manganese, 0.2 per cent nickel, 
with and without small additions of 
other elements. This figure clearly shows 
the variability in the resistance to creep 
of the EM62, EM42, and EM22 alloys. 
The resistance to creep appears to in- 


of 0.2 per cent nickel increased the 
ultimate tensile and yield strengths at 
600 F. by about 2000 psi. each and, 
fortunately, at the same time, improved 
the resistance to creep. Figure 6 shows 
the consistently low minimum creep 
rates and total deformation in 120 hr. 
obtained on four different compositions 
containing 2 per cent cerium, 1.7 to 1.9 
per cent manganese, and 0.2 per cent 
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nickel. None of the small additions of 
other elements to this 2 per cent cerium- 
1.8 per cent manganese-0.2 per cent 
nickel base appeared to produce any 
additional improvement in the resistance 
to creep. Experience has shown that, 
when the creep rates are of the order of 
0.0005, it becomes difficult to attain 
still lower creep rates. Consequently, 


0.9 


GruBE, DAVvIs, 


were not established. Because this alloy 
appeared to have excellent high-tem- 
perature properties, considerable data 
were obtained on it. ; 


AND EASTWooD 


PROPERTIES OF ALLOYS 


Figure 7 shows the effects of tem- 
perature on the tensile strength and 
yield strength of the EM22 composition 
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400 


Fic. 8.—Time-Deformation Curves of EM 22 Alloy and the Experimental Alloy of Optimum 
Composition in the HTAS Condition. Tested at 600 F.—1300 psi. Load. 


at slightly higher loads and creep rates, 
it is easier to measure any improve- 
ments produced by adjusting the com- 
position. However, the results obtained 
on the 195 different heats show that the 
alloy of optimum composition appears to 
be as follows: 

2 per cent cerium : 

1.2 to 1.8 per cent manganese _ 

0.2 per cent nickel Se. ee 
The compositional limits of this alloy 


and the experimental alloy of optimum 
composition. The improved tensile prop- 
erties obtained on the alloy of optimum 
composition throughout the range of 
300 to 600 F. are apparent. 

Figures 8, 9, and 10 show time-de- 
formation curves for EM22 and the 
alloy of optimum composition at 600 F. 
using various loads. Figure 11 shows the 
design curves constructed from the 
time-deformation data on the two alloys 
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at 600 F. The improved resistance to 
creep of the new alloy and its greater 
consistency are clearly shown by the 
creep data. 

Figure 12 shows microstructures of 
the alloy of optimum composition after 
heat treating at 1040 F. and 1000 F. It 
will be noted from the data in the cap- 
tions that very much better creep 
resistance is obtained by using the 
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alloys, are subject to some oxidation 
when exposed for a prolonged period at 
600 F. and higher. It has been found 
that. this oxidation increases slightly 
with the cerium content. Alloys which 
are to be subjected to such temperatures 
for prolonged periods probably should 
be protected. The fluosilicic acid treat- 
ment, described in another paper,* was 
not tried on the wrought alloys, but in 


2500 
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A-5600 A-5601 | 


2000 


‘ 2.05% Ce 2.13% Ce 


1500 


1.75% Mn 1.92% Mn | 
0.25% Ni 0.27 % Ni 
Balance Mg Balance Mg 


1000 


Stress, psi. 


A-5262 
2.14% Ce 
1.86% Mn 


Balance Mg 


1.0 10.0 


100.0 1000.0 


Time, hr. 


Fic. 11.—Comparison of Some Design Data on Extruded EM 22 Alloy and Two Heats of the 
Experimental Alloy of Optimum Composition. Tested in the HTAS Condition of 600 F. 


higher heat-treating temperature. At 
this temperature, there appears to be a 
considerable increase in the amount of 
magnesium-cerium constituents  dis- 
solved, some grain coarsening, and a 
small amount of grain-boundary melting. 
No difficulties were noted when heat 
treating at the temperature of 1040 F. 
using the usual low percentage of SO, 
in the atmosphere. 

The magnesium-cerium wrought al- 
loys, like the magnesium-cerium casting 


all probability it would be effective as a 
means of reducing oxidation. 

A few forging tests were conducted 
on the EM42 and experimental alloy of © 
optimum composition. It 
that the round extrusion ingots pre- 
pared by the water-cooling process, 
described previously in this paper were © 
not suitable for forging tests. Conse- — 
quently, the alloys were chill-cast into 
the form of ingots 5 by 5 by 8 in. high. 
The ingot mold 7 was of gray 


was found © 
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iron fitted with a copper bottom, and 
with a refractory hot top to provide 
adequate feeding during solidification. 
Experimental forging tests were per- 
formed on five heats. Although the 
tests were too limited to permit definite 
conclusions, the waned of optimum com- 


(a) Heat Treated at 1040 F. (HTAS) 
Minimum Creep Rate, per cent per hr.—0.00025 
Deformation in 120 hr. -» per cent—0.110 
Duration of Test, hr.—-287 
Total Deformation, per cent, —0.167 


It was found that the method of fabrica- 
tion had a considerable effect upon the 
properties at room temperature and at 
600 F. Table V shows the tensile and 
creep properties of several alloys fabri- 
cated by different methods. The speci- 
mens were tested at room amr 


(b) Heat Treated at 1000 F. (HTAS) 
Minimum Creep Rate, per cent per hr.—0.0015 
- Deformation in 120 hr., per cent—0.262 
Duration of Test, hr.—284.3 
Total Deformation, per cent—0.635 


Fic. 12.—Microstructure of Optimum Composition Alloy (2.23 per cent Cerium, 1.90 per cent 
Manganese, 0.31 per cent Nickel)(X250). 
Creep rate at 600 F., 2000 psi. 


position appears to forge about as well 
as the EM42 alloy. The optimum forg- 
ing temperature is about 950 F., as 
shown by these preliminary tests. 


EFFECTS OF FABRICATING PROCEDURE 
ON THE PROPERTIES OF THE ALLOYS 


Several of the alloys were tested in the 
cast, extruded, and rolled conditions. 


in the HTA condition, whereas those 
tested at 600 F. were in the HTAS 
condition. 


As would be expected, the castings 
have the lowest tensile properties at 
room temperature. The tensile proper- 
ties of the sheet are second best, while 
those obtained on extrusions are the 
best at room a At 600 F., 
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the tensile properties of the extrusions 


are equivalent to or slightly better than | 
those of the castings, but the tensile — 


properties of the sheet are again some- 

what inferior to those of extrusions. 

The average creep values obtained on 13 

extruded specimens, 7 cast specimens, 
_and 4 sheet specimens of the 2 per cent 
cerium, 1.7 per cent manganese alloy, 
with or without 0.2 per cent nickel, 
as follows: 


4 ~The average minimum creep rate of the 
castings in the standard test is lowest, 
- that of the extrusion six times higher, 
and that of 0.060-in. sheet about fifty 
times higher. The greater resistance of 
the castings to creep is typical of other 
light alloys at 600 F. These effects of 

fabricating techniques are a function of 
differences in structure of the alloy 
and differences in geometry of the test 
specimens. The test specimens for the 
castings and extrusions were similar. 


Property Castings Extrusions Sheet 

Minimum creep rate 
(2000 psi., 600 F.), 
per cent per hr 

Total deformation, per 


cent in 120 hr 


0.0002 0.0012 


0.244 


0.010 
1.844 
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_ AND STRUCTURE TO THE CREEP 
PROPERTIES 


The data obtained to date indicate 
definitely that it is mainly the man- 
ganese and, to some extent, the cerium 
in solution at the heat-treating tempera- 
ture which have a beneficial effect on the 
creep properties of these alloys. Cerium 
is primarily responsible for good tensile 
properties at 600 F., but it is the man- 
ganese which imparts good creep re- 
sistance. However, it should be noted 
that the employment of both cerium 
and manganese in an alloy makes it 
possible to obtain good creep resistance 
without rapid quenching from the solu- 
tion-heat-treating temperature. In- 
creasing the cerium content to an amount 
greater than that which is soluble ap- 
pears to have a harmful effect on the 
creep resistance of the extruded rod, 
though this did not appear to be the 
case with castings. While these factors 
certainly are the underlying ones deter- 
mining the creep properties of the 
magnesium-cerium-manganese wrought 


TABLE VI.—COMPARISON OF THE AVERAGE PROPERTIES OF THE EXPERIMENTAL ALLOY OF 
OPTIMUM COMPOSITION WITH OTHER WROUGHT ALLOYS. 


| BMI Alloy 
Extrusion 


EM22 
Extrusion 
H 


32ST* 
Stabilized 


18S? 
Stabilized 


Tensile psi.: 
Room 
400 F.. 


600 F. 


Tensile yield strength, 0.2 per cent ofest, pa. 
Room 
400 F... 
600 F.. 


_ Elongation in 2 in. per cent: 
Room temperature 
400 F 


600 F., psi. 
CL + density.. 


Creep rate, 2500 psi. load at 600 F., per cent per hr 


- Total deformation in 120 ee at 600 F., 2500 » pal. load, per 
cent. 
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alloys, there are many variations from 
heat to heat and even from one test 
specimen to another from the same heat. 
These variations are not easily under- 
stood. It does not follow that any alloy 
addition which is soluble at the heat- 
treating temperature will be beneficial. 
Most such additions are either without 
benefit or harmful to the creep resistance. 

It is interesting to note that specimens 
cut from sheet, parallel to and transverse 
to the direction of rolling, had substan- 
tially the same resistance to creep at 
600 F. Data were not obtained on the 
degrees of preferred orientation in the 
two directions. It is assumed, however, 
that there would be an appreciable 
difference in the two directions, a result 
of difference in angular scatter of hex- 
agonal basal planes. This difference, if it 
existed at all, apparently did not pro- 
duce any difference in creep resistance. 

Further studies are required before 
there is a comprehensive understanding 
of the relationship of composition and 
structure to the creep properties of the 
alloy. 


SUMMARY 


A systematic study has been made 
of about 195 heats of magnesium-cerium 
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wrought alloys by said tests 
at room temperature and at 600 F. and 
creep tests at 600 F. Manganese up to 1 
per cent or more and cerium up to 2 
per cent are very beneficial. The alloy 
of optimum composition appears to be 
as follows: 

Cerium (rare-earths)—2 per cent 

Manganese—1 to 1.5 per cent 

Nickel—0.2 per cent 
The compositional limits were not estab- 
lished. The comparison of the properties 
of this alloy with those of EM22, 18S, 
and 22S alloys is shown in Table VI. It 
is quite evident that the new alloy is 
appreciably superior to EM22 or the 
two high-temperature aluminum-base 
alloys at 600 F. 
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DISCUSSION 


eal Mr. J. W. Meter.'—I should like to 


ask the following questions: 

(a) Did the authors find any tendency 
towards segregations of the heavy metals 
in the cast extrusion billets? 

(b) Is there any effect of the billet- 


heating time on the properties of the 


extrusions? 

(c) Have the authors any information 
on the “workability” and the welding 
characteristics of the proposed alloy, and 


on the effect of working or welding on 


Mr. L. W. Eastwoop (author).—We 
have always had very satisfactory results 
with ingots prepared by chill casting as 
described in the paper. There was no evi- 
dence of difficulties with segregation. On 
the other hand, no study was undertaken 
to check their uniformity in composition. 

No study was made of the effects of 
soaking time prior to extrusion and no in- 
formation was obtained on weldability. 
The hot-working characteristics proba- 
bly will be similar to other magnesium- 
cerium alloys. Alloys of this type are 


: the elevated temperature properties? 


much harder at forging temperatures 
than the common magnesium-base al- 


3; ‘~ 1 Head, Non-Ferrous Metals Section, Canadian Bureau 
- of Mines, Ottawa, Ontario, Canada. 
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M CERIUM CAST ALLOYS FOR ELEVATED- ATURE 
SERVICE* 


By K. Gruse? anp L. W. Eastwoop? 


SYNOPSIS 


About 350 heats of magnesium-cerium alloys, most of which contained other 
elements, have been prepared and studied. The ev aluation of the compositions 
was based on the following tests: _ 

1. Tension tests at room temperature. 

2. Tension tests at 600 F. 

3. Creep tests at 600 F., using a 2000 psi. and a 2500 psi. load. 

4. Macro and microexaminations. 

Six per cent cerium (rare earths) was selected for study as a compromise 
between cheaper and lower density alloys of lower cerium content, on the one 
hand, and higher strength alloys of still higher cerium content, on the other. 
Manganese was also employed in most of the alloys because of its beneficial 
effects on tensile properties and creep resistance at 600 F. The alloy of optimum 


composition tentatively selected is as follows: 


Cerium (rare earths), per cent 
Manganese, per cent 
ee Nickel, per cent 
Tungsten, per cent 


The designer and metallurgist are con- 
stantly seeking structural materials hav- 
ing improved strength-weight properties 
at the temperature of the part during 
service. Because of their low density and 
high strength at normal or slightly ele- 
vated temperatures, magnesium castings 
have been used in aircraft motors for a 
number of years. For the most part, they 
were employed only for such parts of the 
motor as operated at moderate tempera- 
tures because, as is well known, the stand- 
ard magnesium-aluminum-zinc alloys 
such as AZ92 (9 per cent aluminum, 2 


* Presented at the a third Annual Meeting of the 
Society, June 26-30, 1950. 

1 The experimental work described in this paper was 
sponsored by the Air Technical Service Command, Wright 
Field, from March 1, 1945, to February 28, 1947, Contract 
W 33-038 ac-? 7202; and by ‘the Materials Branch, Airborne 
Equipment Division, Bureau of Aeronautics, Navy De- 
a, > from June 1, 1947, to May 31, 1948, Contenct 

Oa (s) 8957. 
2 Engineer and Supervisor, respectively, 


Battelle 
Memorial Inst., Columbus, Ohio. 


per cent zinc) and AZ63 (6 percent alumi- 
num, 3 per cent zinc) have relatively 
poor creep resistance at temperatures ap- 
preciably above 300 F. Magnesium rare- 
earth alloys possessing improved ele- 
vated-temperature properties were first 
described by J. L. Haughton and W. E. 
Prycherch (2)° and Adolph Beck (1). Dur- 
ing the war, a study of enemy materiel 
showed that Germany was using mag- 
nesium rare-earth alloys for certain motor 
parts. Early in 1945, Battelle undertook 
the development of alloys of this type for 
the Air Technical Service Command, 
Wright Field, and later the work was 
continued under the sponsorship of the 
Bureau of Aeronautics. Similar develop- 
ments on magnesium-rare-earth wrought 
alloys, sponsored by the National Ad- 


3 The boldface numbers in parentheses nies to the list 
of references appended to this paper, see p. 
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visory Committee for Aeronautics at 
Battelle, are described in ‘a separate 
paper (11). 
At the time the work was started, 
magnesium rare-earth alloys containing 
_ 2 to 6 per cent rare earth and 0 to 1.7 
_ per cent manganese were known. The 
general aim of the work described in 
this paper was to obtain casting alloys 
having better foundry characteristics 
than those of EM61 alloy (6 per cent 
rare earths, 1.5 per cent manganese) and 
better load-carrying capacity at 600 F., 
and possibly better foundry characteris- 
tics than alloys of the E6 type (6 per 
rare earths). 

In the early stages of the work, con- 
siderable assistance was rendered by the 
~ Dow Chemical Co. who made available 

their Report No. 11694, which described 
the preparation of alloys and the use of 
their 220 flux. In addition, another re- 
port by the Dow Chemical Co., “The 
Properties of Binary and Polynary Mag- 
nesium Alloys Containing Cerium at 
Room and Elevated Temperatures,” 
was also found to be very useful. This 

_ report was particularly valuable in that 

it established the proper heat-treating 

_ procedures to employ for maximum re- 
sistance to creep. 

Since this work was started at Bat- 
telle, a considerable amount of informa- 
tion (3, 4, 5, 6, 7) has been published on 
"= magnesium rare-earth alloys, as shown 

_ by the bibliography at the end of this 


paper. 


EXPERIMENTAL METHODS 


With the exception of the melting tech- 

nique, the experimental methods to be 

f employed were quickly developed. The 

- general procedure consisted of preparing 

4 the melts, pouring them into test bars, 

: and subjecting the test bars to a heat 

_ treatment, followed by tension tests at 

: 24 room temperature and at 600 F., a stand- 

ardized creep test at 600 F. and metallo- 
examination. 


Melting Methods: 


During the first year’s w a, the melt- 
ing procedures employed were similar to 
those recommended by the Dow Chemi- 
cal Co. in their Report No. 11694, using 
their 220 flux. Because freedom from 
flux inclusions could be obtained and 
higher cerium recoveries produced, a new 
method of melting was devised. By this 
method of melting, the steel crucible is 
fitted with a cover and the magnesium- 
cerium scrap and magnesium are melted 
first. During this part of the melting, 
dry nitrogen is introduced through the 
cover and blown gently over the melt, 
the nitrogen inlet being at right angles 
to the melt surface. After the first charge 
has been melted, the cover is removed 
and additional alloy scrap and magne- 
sium melted as required. After the second 
addition is melted and the temperature 
raised to about 1400 F., the cover is re- 
moved, the cerium added along with 
other alloy additions, and the melt stirred 
until the alloy has been dissolved. The 
cover is then replaced, the nitrogen 
is again introduced over the melt, and 
the latter is heated to the pouring tem- 
perature. The crucible is then removed 
from the furnace, the cover lifted from 
the top, and the metal skimmed. During 
the pouring operation, the melt is pro- 
tected with sulfur-boric acid mixtures 
following the usual practice. 

Since a large number of different alloy 
additions were investigated during the 
course of the alloy development, con- 
siderable experience was obtained in 
methods of adding the alloys. Manganese 
was added to the melt in the form of M1 
alloy (1.5 per cent manganese), and zir- 
conium was added in the form of mag- 
nesium-0.7 per cent zirconium alloy. This 
zirconium alloy was prepared in advance 
by stirring zirconium tetrachloride into 
a magnesium melt. Zirconium was also 
added in the form of magnesium-zirco- 
nium briquets 50 cent 
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zirconium and 50 per cent magnesium. 
In general, the methods of adding the 
zirconium to the magnesium, using 
zirconium tetrachloride or the magne- 
sium zirconium briquet, were equally ef- 
fective. The use of the zirconium-mag- 
nesium briquet helped to some extent 
to avoid difficulties with flux inclusions. 

Relatively insoluble additions such as 
columbium, molybdenum, tantalum, 
boron, and titanium were added to the 
magnesium melt prior to the addition of 
cerium or cerium-containing scrap. These 
additions were made to the melt at about 
1600 F., the metal being added in a 
finely divided form, such as powder. 
Boron was added in the form of a powder 
of a commercial manganese-boron alloy. 
In general, the results obtained from 
these difficultly soluble elements were 
inconclusive. 

Rare earths in the form of misch metal, 
referred to in this paper as “cerium,” 
were added to the melt in the form of 
lumps or as the main alloy constituent 
in the scrap returned for remelting. Typi- 
cal analyses of the misch metal have been 
described elsewhere (12). 

When beryllium was used alone, it was 
added either in the form of beryllium 
chips, a beryllium-magnesium compact 
containing 62 per cent beryllium and 38 
per cent magnesium, a flux containing 4 
parts Bef», 1 part CaF», and 1 part BaF», 
or a cerium-beryllium alloy containing 
98.3 per cent cerium and 1.7 per cent 
beryllium. Of these methods, the latter 
alloy addition is preferred. When beryl- 
lium and nickel or beryllium and copper 
were used, they were added in the form 
of small pieces of a nickel-beryllium alloy 
or a copper-beryllium alloy. 

When nickel and tungsten were used 
together, they were added in the form of 
a 90 per cent nickel-10 per cent tungsten 
alloy which had been rolled to sheet and 

cut up into suitable pieces. 
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Alloy Additions in Form of Master Al- 
loy.—Because the alloy of optimum com- 
position developed by this work contains 
magnesium, rare earths, manganese, 
nickel, and tungsten, or zirconium, the 
problem of combining these alloy addi- 
tions has received some attention. It has 
been found that the problem of adding 
these alloy elements to magnesium can be 
readily solved by the use of a master 
alloy. While these alloying elements may 
be introduced as single additions, the use 
of a master-alloy addition offers several 
advantages. The recovery of the various 
elements is more readily controlled, and 
nonmetallic or flux inclusions are reduced 
to a minimum. Further, the alloying op- 
eration is simplified by making only a 
single addition. A proprietary master al- 
loy of the following approximate com- 
position has been developed by one of 
the leading producers of misch metal 
alloys: 

Cerium (misch metal), per cent 
Magnesium, per cent. 

Manganese, per cent 

Nickel, per cent 

Tungsten, per cent 

This and similar compositions have a 
melting point of approximately 1550 F. 
and are readily dissolved in molten mag- 
nesium at a temperature of 1550 F. The 
magnesium is melted under a flux or 
inert gas cover, and when the charge has 
reached the desired temperatu: -, the mas- 
ter alloy addition is made. The master 
alloy sinks to the bottom and the bath 
is thoroughly stirred. The metal may be 
cast as soon as the master alloy has been 
dissolved and the melt reheated to the 
pouring temperature. 

The composition of the master alloy 
can be varied over a wide range and, 
when desired, may include zirconium or 
beryllium. Such master alloys are com- 
mercially available and should be of par- | 
ticular value to the small jobbing foundry 
which is normally not equipped for ex- 
tensive alloy development or chemical 
work. 
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Casting: 

A standard, synthetic magnesium 
green sand was employed, the inhibitors 
being sulfur, boric acid, and ethylene 
glycol. The test bar poured was the 
standard four-bar casting normally em- 
ployed in magnesium foundries. The 
pouring temperature was 1400 to 1420 
F., representative of commercial foundry 


to creep at elevated temperatures. As a 
result, the effects of heat treatment were 
not investigated in detail. Table I shows 
the effects of heat treatment on the tensile 
properties at room temperature and 600 
F. and upon the resistance to creep of 
EM42 alloy at 600 F. 

Examination of the data in this table 
shows the following: 


TABLE I.—EFFECT OF VARIOUS HEAT TREATMENTS ON THE PROPERTIES OFS AND- CAST EM42 ALLOY 


Analyses, 
per cent 


Tensile Properties® 


Creep Properties - 600 F.—2000 
psi. 


Heat 
Treatment? 


Offset, psi. 


Yield Strength, 
0.2 per cent 


| Manganese 


Strength, 


inimum Creep 
Rate, per cent 
per hr. 


2 in., per cent 
| Deformation at 


mation, per 


mation, per 

cent 

End of 120 

hr., per cent 
Total Defor- 
‘on 


Area, per 
cent 


Reduction of 
Load, per cent 


Initia! Defor- 
Release of 


Elongation,fin 
| Duration, hr. 


| M 


Aged 
Aged 


AandS 
Aand 


HTA 
HTAS 


HTA? 
HTQAS? 


nw 


AS 
HTQAS* 


1.48) 


| 


0.099) 0.158) 0.037 


Gy 


| 
| 
0.047 0. 00027, 0.105 0. 185, 0.053 
0.040 0.00008 0.075, 0.082) 0.042 
| 


0.045|0.00022) 0.090, 0.140 


moO 
9 


Ss 


no wo wo 


. 


0.035 


om 


Bo 
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0.044,0.00015, 0.085, 0.181 


Average of two tests. 
> Aged—Heated for 16 hr. at 400 F. and air cooled. 


A and S—Aged and stabilized at 650 F. for 24 hr. after the above aging Ly magery 
HTA—Solution heat treated at 1040 F. for 24 hr., air cooled, and aged 16 hr. at 400 F. 


A—Solution heat treated at 1040 F. for 24 hr., quenched i in ei 


er water or oil, and aged at 400 F. for 16 hr. 


AS—Same as above, but stabilized 24 hr. at 650 F. following the aging treatment. 


HTAS—Same as HTA, but stabilized 24 hr. at 650 F. following the aging treatment. 


One test value. 
4 Water quenched. 
* Oil quenched. 


operations rather than the lowest possi- 
ble pouring temperature. For the most 
part, a bar slightly over-size was used 
to permit a skin cut to provide a test 
section 0.505 in. in diameter. 


Heat Treatment: 


As indicated previously, the data from 
the Dow Chemical Co. showed definitely 
that a solution treatment followed by an 
aging treatment produced the structural 
condition having the greatest resistance 


> 


1. A solution and aging treatment increases 
the room-temperature tensile properties. 

2. At 600 F., the highest tensile strength 
and yield strength are obtained in the cast and 
aged conditions. Aging and then stabilizing the 
unheat-treated castings reduce the tensile 
strength and yield strength at 600 F. to some 
extent. Heat treating, aging, and stabilizing 
still further reduce the tensile strength and the 
yield strength at 600 F. 

3. Quenching from the heat-treating tem- 
perature into cold water or oil instead of air 
cooling produces a negligible effect on the tensile 
properties at room temperature and at 600 F. 

4. At least for these partioer test bars 


5 
> 
Test | — 
Tem- 
eat pera 
Number | ture, 
Fahr. 
70 | 13 850 
| | 600 | 8175 900 
| 
= pe 70 | 13 850 
| 
70 | 16 300 " 
Seren | 600 | 6700 | 9 575 
70 16 350 
. 
A4929.......| 4.40) 1. 17 250 
+ 
ip 


loaded at 2000 psi., the heat treatment has had 
a relatively little effect upon the minimum 
creep rate at 600 F., but those bars which have 
been heat treated, aged, and stabilized appear 
to have slightly lower minimum creep rate than 
the bars which were aged only, or aged and 
stabilized. A greater beneficial effect of heat 
treatment probably would be apparent at lower 
testing temperatures. 


The anticipated service life of the cast 
part was assumed to be of substantial 
length, and the anticipated operating 
service temperature was assumed to be 
600 F. Obviously, under these conditions, 
the experimental alloys to be evaluated 
should be stabilized so that structural 
changes during the course of the test 
would not occur. Because exposure to the 
service temperature generally has an ad- 
verse effect on the tensile properties, it 
was reasoned that the alloy should be 
tested after it had been subjected to 
such an exposure. Since stabilization at 
the temperature of test requires a very 
long time, the test bars were stabilized 
at slightly higher temperature for shorter 
periods according to the following sche- 
dule: 


1. Those tested at 300 F. were placed in the 
HTA condition, namely, in the heat-treated and 
aged state. 

2. Those tested at 400 F. were first heat 
treated and aged, then annealed for 24 hr. at 
500 F. prior to testing. 

3. Bars tested at 500 F. were first heat 
treated and aged, and then annealed at 575 F. 
for 24 hr. prior to testing. 

4. Bars tested at 600 F. were heat treated 
and aged, then stabilized for 24 hr. at 650 F. 
prior to testing. 


The experimental compositions were 
tested at 600 F. only, and were, there- 
fore, stabilized as indicated under item 4 
above. AZ63, EM61, and the experi- 
mental alloy of optimum composition 
were also tested at 300, 400, and 500 F. 
as well as at 600 F. and were given the 
appropriate stabilizing treatments, be- 
fore testing. 

AZ63 alloy was heat treated and aged 
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in accordance with commercial practices. 
The magnesium-cerium alloys were heat 
treated for 20 hr. at 1000 to 1040 F. and 
aged 16 hr. at 400 F. Those tested at 
elevated temperatures were then stabi- 
lized for the time and temperature in- 
dicated above. In some instances, be- 
cause of the lowered solidus line, it was 
necessary to heat treat the experimental 
composition at a temperature slightly 

lower than 1040 F. | 


High-Temperature Tension Tests: 


The screening tension test for the ex- 
perimental alloys was conducted at 600 
F. However, AZ63, EM61, and the ex- 
perimental alloy of optimum composition 
were tested at room temperature, 300, 
400, 500, and 600 F. The high-tempera- 
ture test consisted of placing a specimen 
in a specially calibrated furnace mounted 
on the testing machine. The furnace was 
calibrated and adjusted so that the tem- 
perature variations between seven ther- 
mocouples were only +5 F. After the 
specimen reached temperature, the load 
was applied to produce a cross-head 
movement of 0.01 in. per min. per in. of 
gage length until the 0.2 per cent yield 
strength was reached. The rate of load- 
ing was then increased to 0.03 in. per 
min. per in. of gage length until rupture 
occurred. All the bars were stabilized 
prior to the testing operation. The stabi- 
zed bars were inserted in the furnace, 
maintained at the testing temperature, 
and the furnace temperature again 
brought to equilibrium. This required 
20 to 30 min., after which the specimen 
was maintained at temperature 30 min. 
and the test bar broken. Stress-strain 
curves were obtained on each specimen, 
thus providing proportional limit, modu- 
lus of elasticity, and yield strength data. 


Creep and Stress-Rupture Tests: 


The experimental alloys were sub- 
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_ maximum temperature employed in this 
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using a 2500 psi. load. However, consid- 
erably more complete creep data were ob- 
tained on AZ63, EM61, and the experi- 
mental alloy of optimum composition. 
Both stress-rupture and creep tests 
were made with the same equipment 
and with only minor changes in testing 
technique. The equipment used is illus 


investigation. Small windows are pro- 
vided at both the front and back of the 
furnace for measuring the deformation 
of the test specimen by optical means. 
A standard 0.505-in. test specimen and 
calibration specimens are shown by Fig. 
2. The temperature gradient in the fur- 


mare can hea 


e controlled and changed by 


Fic. 1.—Creep or Stress-Rupture Units. 


trated by Fig. 1, which shows a group of 
four creep or stress-rupture units. Each 
testing unit isequipped witha chromium- 
plated copper- or steel-shell furnace 6 in. 
in diameter and 18 in. long, wound with 
No. 14-gage Chromel A wire and insu- 
lated with Sil-O-Cel. These furnaces may 
be used for creep or stress-rupture tests 
up to 1800 F., but 600 F. has been the 


means of external shunts along the fur- 
nace winding. For this purpose, the cali- 
bration specimen shown in Fig. 2 is used 
and the furnace shunted so that the 
maximum temperature variations meas- 
ured by thermocouples at positions T;, 
Ci, Bi, To, Co, Bo do not exceed +3 F. 
at the test temperature. In some in- 
stances, even smaller variations are ob- 
tained. All the temperature variations 
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are kept below the maximum allowable 
by the A.S.T.M. Recommended Practice 
for Conducting Long-Time High-Tem- 
perature Tension Tests of Metallic Mate- 
rials (E 22 —- 41).* During the actual creep 
or stress-rupture tests, thermocouples are 
located at positions at T, and B, and 


The 


0.75" 
Diam. 


Calibration 
Specimen 
Fic. 2. 


Specimen 
Calibration and Test Specimen. 


are used for adjusting the test tempera- 
ture. Thermocouples are also placed at 
positions T and B, the control couple at 
B, and a recorder thermocouple at T. 
These thermocouples can be replaced 
while the test is in progress. 

The load is applied to the test speci- 


* 1949 Book of A.S.T.M. Standards, Part 1, p. 1281. 


men by means of a lever arm with a 9 
to 1 ratio. 

When stress-rupture tests are being 
made, a switch is mounted on the lever- 
arm stop under the lever arm to cut off 
the power to the furnace and stop the 
clock when the test specimens break. 


TABLE II.—TYPES OF ALLOYS INVESTIGATED. 


Addition 


AZ63—6 per cent Al— 
3 per cent Zn 

4 to 15 per cent Ce 

3 to 6 per cent Ce 

3 per cent Ce 

4 to 10 per cent Ce 

4 to 10 per cent Ce 

6 per cent Ce 


11 per cent Ce 
6 to 10 per cent Ce 
6 to 10 per cent Ce 
5 to 10 per cent Ce 
6 per cent Ce 


6 per cent Ce 


10 to 11 per cent Ce 
3 to 6 per cent Ce 


None 
None 


r 

Zr+ Zn 

Zr + Cd 

Mn 

Mn with Ag, Al, B, Ba, Be, 
Bi, Ca, ca, Cr, Li, Ge, Cu, 
In, Pb, Sb, Si, Sn, Te, Ti, 
Tl, Zn, Mo, As, Cb, Hg, K, 
Na, P, Sr, Ta, 

Mn + Be 

Mn + Zr, Mn + Co 

Mn with Ni + Co, Ni+ Zr 

Mn with Zr + Ca, Zr + Cd, 
Zr + Ge, Zr + Ge 

Mn with Be + Al, Be + Zr, 
Be + Cd, Be + Cu 

Mn with Ni + a, Ni + Zr, 


Nit Ni+ P, Ni+ Sr, Ni+ 
Hy Ni+ W, Ni+ V, Ni+ 


i 

Mn with Co + Zr, Co + Be 
+ Zr 

Ni, Mn + Ni, Co + Ni 


6 per cent Ce, 0.6 
per cent Mn, 0.2 
per cent Ni 

Be+W+ 


6 to 10 per cent Ce 
Mg °p A per cent Mn, 1.0 per cent 
Fide Ni, 1.0 per cent Cu, 3.5 per 


cent Ni, 0.60 per cent 
0.35 per cent 


® Per cent Ce indicates per cent rare earths. All alloys 
were magnesium base. 


The clock measures the duration of the 
test to 0.1 hr. 

For the measurement of deformation, 
platinum strips are used which are at- 
tached to the shoulders of the specimen, 
one at each end of the gage length. Figure 
2 shows the strip in position on the test 
specimen. A series of very fine cross 
marks is ruled on each strip. Changes in 


length of the test specimen are measured 
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Tensile Strength at 
Temperature 
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Tensile Strength 
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» Tensile Strength at 


Yield and Tensile Strength, psi. 


Cerium, per cent 


Fic. 3.—Effect of Cerium on the Properties of Mg-Ce Cast Binary Alloys in the HTA Condi- 
tion at Room Temperature and in the HTAS Condition at 600 F. 


by determining the change in distance 
between the two chosen cross marks, one 
on each strip. The microscope with which 
the deformation readings are made has an 
eyepiece fitted with a filar micrometer 
and is mounted on a graduated screw. 
Calibrations show the smallest division 
of the filar eyepiece to read 0.00005 in., 
which, on the gage length of about 2.3 in., 
provides readings slightly over 0.00002 
in. per in., or within about 0.002 per cent. 

Deformation readings are usually 
made daily by two observers, and the 
time-deformation data illustrated in this 
report are the averages obtained by the 
two observers. 


ALLOY DEVELOPMENT 


When considering the effects of alloy 
addition, it is important to remember 
that the screening tension and creep tests 
were conducted at 600 F. The results 
cannot be safely compared with those 
obtained at a lower temperature of test. 
Thus, a composition which is optimum 
at 600 F. may not be the best at 400 F. 


A considerable number of alloys con- 
taining cerium (rare earths) have been 
studied. The effects of cerium in the 
range of 3 to 14 per cent are illustrated 
by Fig. 3. These effects of cerium have 
been shown in greater detail by others 
(5, 6, 12). It is quite evident that the 
tensile and yield strengths at 600 F. in- 
crease with cerium content. Cerium also 
has a considerable effect upon the creep 
properties, particularly on total defor- 
mation, as shown by the following data: 


Creep Rate, Total 

Ceri per cent per hr. | Defor~ | Dura- 
erium, mation | tion of 

per cent Test, 

i 120 hr.,| hr. 

per cent 


Six per cent cerium was selected as the 
optimum content, namely, as a com- 
promise between better high-temperature 
properties on the one hand and lower 
costs and lower density on the other. As 
a result, the major portion of the alloy 


996 GRUBE AND EASTWOOD 
16000 
1 | 
- all 
4 
¥ )...+seeee| HTAS | 0.004 0.004 1.40 140 
.5.......| HTAS | 0.0058 | 0.0058 | 1.24 | 173 
j a 
5 


‘ay sod quad 19d $/000'0 
pour, sayey ‘isd QOSZ PUR “A 009 ZOINA JO UO SdAIND WUT] “Of 


‘ay 
oz¢ 082 09! os 


440 
/-go00gvv 


4H OL 


al 
Nn 
< 
O 
= 
i=) 
=x 
O 


b-VSSSEV 


4H OI€ OL 


M 


NESIU 


On Mac 


997 
== | 
“Re 
q 
i? « J 4 
| 
5 © 
| | 
M 
\ 6 
‘fon 
es 
Ts _ | \ 


998 


development was carried out on the mag- 
nesium-6 per cent cerium base. 

Manganese also has a fairly marked 
effect on the properties of the magne- 
sium-cerium alloys. For example, E6, 
containing 6 per cent cerium and EM62 
alloy, containing 6 per cent cerium and 
1.8 manganese, have the following prop- 
erties: 


Condition 


Tensile strength at | 

temperature, psi... . .| HTA 
Tensile strength at 600 F., 
psi. HTAS 
Yield strength at 600 F., 

(0.2 per cent offset) psi... HTAS 
Minimum creep rate, 2500 
psi. load, 600 F., per cent 

| HTAS 


5 000 


0.004 


The effects of manganese on the creep 
and tensile properties of a 6 per cent 
cerium-base alloy are also shown by the 
following data: 
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made up and subjected to the routine 
screening tests totaled about. 350. All of 
these alloys were subjected to tension 
tests at room temperature and at 600 F. 
and to metallographic examination to 
determine their grain size, soundness, and 
response to heat treatment. In addition, 
a very large number of those which ap- 
peared to have outstanding tensile prop- 
erties at 600 F. were also subjected to the 
standard creep test consisting of a 2500 
psi. load at 600 F. This test was con- 
tinued for approximately 1 week, at 
which time the test was abandoned un- 
less the creep rates were low, indicating a 
beneficial effect of the alloy addition. In 
such instances, the creep test was con- 
tinued for about 2 weeks. 

Because creep resistance at 600 F. was 
an essential consideration, some impor- 
tance was attached to the standard creep 
test. The reliability of the test became 


Creep Properties, 2500 psi., 600 F. 


Tensile Properties 


Creep Rate 


Total 


Minimum, 
per cent | 
per hr. 


Duration | 


Room 


Temperature 600 F. 


Grain Size, 
in. 


Yield 


Tensile 
Strength, 
0.1 per Strength, 


cent, psi. 


0.004 
0.0025 
0.00095 | 
0.00017 | 
0.0007 


@ 5 tests on different heats. 


It is quite evident from these data 
that manganese has a somewhat bene- 
ficial effect upon creep rate and tensile 
properties at 600 F. Another important 
observation is the increasing grain size 
produced by increasing the manganese 
content above 1 per cent. Relatively fine 
grains are obtained at lower manganese 
content. These castings were poured at 
1400 to 1420 F. As a result of these ob- 
servations, a considerable amount of 
work was done on alloys containing 6 
per cent cerium (rare earth) and 0.6 to 
1.6 per cent manganese. 

_ The experimental alloys which were 


significant. The remarkable reproduci- 
bility of the time-deformation data ob- 
tained in the standard creep test is illus- 
trated by Fig. 4. This figure shows the 
time-deformation values for several heats 
of the EM62 composition prepared at 
various intervals during the course of 
the three years of experimental work. 
These results attest to the reliability of 
the standard creep test as a means of 
screening the experimental cast alloys. 
The types of alloys investigated are 
indicated by the data in Table II. For 
the most part, the added elements were 
low in amount, usually over a range up 


EM6 
18 000 | 16 0 
| 10 000 | 10 5¢ 
— 
“Man- ——] Deforma- | 
ganese, tion in 
per cent inal, 120 hr. Tensile 
: er cent per cen Strength, 
er hr. | | psi. 
0 | 139.6 | 17 650 0.025 
0.25 0025 | 0.375 144 17 000 4800 | 11100 | 0.025 
0.60 1.00095 | 0.245 141 17 300 5 400 11200 | 0.025 
1.0 ).0006 0.159 286 16 000 6 000 10 600 0.08 
1.8-2.0° 0007 | 0.192 | 140-310 | 16 000 6100 | 11000 | columnar 
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to 1 per cent. Readily soluble elements 
such as silver, aluminum, cadmium, cop- 
per, and zinc were added in greater 
amounts. Difficultly solubleelementssuch 
as beryllium, tantalum, titanium, molyb- 
denum, tungsten, and vanadium were 
added in very small amounts or the 
amount dissolved by the melt was un- 
known, as indicated earlier. 

Figure 5 is representative of a very 
large number of time-deformation curves 
for the various experimental alloys. Some 
of the additions to the EM62 composi- 
tion have a beneficial effect, others a 
harmful effect on the resistance to creep 
at 600 F. Alloy additions which produced 
a time-deformation curve appreciably 
under that representative of the EM61 
composition were, of course, of greatest 
interest. 

The general procedure consisted of 
evaluating the effects of individual ele- 
ments and then attempting to combine 
beneficial elements into more complex 
alloys. The individual effects of the addi- 
tions to either a 6 per cent cerium base or 
6 per cent cerium-0.0 to 1.8 per cent 
manganese base are described below. 


Zirconium: 


Zirconium was one of the first ele- 
ments investigated in the early part of 
the work in 1945. The outstanding effect 
of this element is grain refinement. Pre- 
sumably, because of this grain refine- 
ment, it would reduce difficulties with 
hot cracking in the foundry. EM61 com- 
position poured from about 1400 F. will 
normally have a grain size of about 0.20 
in. When a few hundredths of one per 
cent of zirconium is added to this com- 
position, the grain size becomes, on the 
average, about 0.02 in. As already noted, 
manganese causes a considerable coarsen- 
ing of the grain of the alloy poured at 
1400 F. If the manganese is omitted, 
Composition E6 results and the grain 
size of test bars of this alloy poured from 

about 1400 F. is about 0.02 in. The addi- 
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tion of a few tenths per cent of zirconium 
will reduce the grain size of the E6 base 
alloy poured from 1400 F. to approxi- 
mately 0.002 in. It should also be noted 
that, in the absence of manganese, higher 
zirconium contents can be obtained in 
the alloy because of the higher solubility 
of the zirconium in the melt. Although 
zirconium did not appear to have bene- 
ficial effects on the tensile properties or 
creep resistance of the E6 or EM61 base 
compositions at 600 F., considerable ef- 
fort was made to employ it because of 
the desirable effects of grain refinement 
on casting properties. It is interesting to 
note that grain refinement produced by 
lowering the pouring temperature from 
1400 to 1280 F. had relatively little ef- 
fect upon the resistance to creep or the 
tensile properties at 600 F., but such 
grain refinement did produce a slight in- 
crease in room-temperature tensile prop- 
erties, particularly in tensile strength and 
elongation. Grain refinement produced 
by zirconium additions generally lowered 
the creep resistance to some extent or 
made it more erratic. In general, it was 
found that the effects of zirconium addi- 
tions to manganese-cerium base alloy 
were variable, particularly when man- 
ganese was present. 

Calcium: 


Calcium lowered the solidus tempera- 
ture and, therefore, made lower heat- 
treating temperatures mandatory. When 
approximately 0.3 per cent was added, a 
marked reduction in oxidation of the 
melt occurred in the pot. However, 
limited creep data indicated that such 
additions were harmful to the creep re- 
sistance of the EM61 base. 


Other Elements: 


Most of the elements added had little 
effect upon the tensile properties of the 
EM62 base at room temperature or at 
600 F. However, copper appeared to be 
harmful, and aluminum, and _ possibly 
zinc, were slightly harmful to the tensile 
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properties at 600 F. Small amounts of 
nickel have beneficial effects, particularly 
on the tensile properties of the 6 per cent 
cerium-0.8 per cent manganese alloy at 
600 F’. The following additions appear to 
have some beneficial effect on the creep 
resistance of the EM62 base: 


Antimony Molybdenum 

Barium ‘Nickel 
Beryllium Strontium 

Bismuth Tantalum 

Cadmium Tellurium 
Chromium Thallium 
Columbium 

Lead Silicon 


i 


Of these elements, tantalum, silicon, 
chromium, columbium, and molybdenum 
are fairly insoluble and difficult to add to 
the melt and obtain consistent results. Of 
the remaining elements, cadmium, bery]- 
lium, nickel, strontium, thallium, and 
barium are probably the most promising. 
Consequently, considerable effort was 
made to employ various combinations 
of these elements in the magnesium- 


cerium-manganese base. 
- 
Preferred Composition: 


Because a coarse-grained alloy may be 


quite difficult to cast in the foundry as a 
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Fic. 6.—-Photograph Showing Method of Gating and Risering of Step-Bar Casting. 
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result of hot cracking, considerable effort 
was devoted to the attainment of an 
alloy which tended to be fine grained but 
at the same time possessed good tensile 
properties and creep resistance at 600 F. 
As noted before, a reduction in manga- 
nese effects a considerable grain refine- 
ment. When, however, manganese is re- 
duced, the tensile properties at 600 F. 
are also reduced somewhat. It was found, 
however, that, if the manganese was re- 
duced to about 0.8 per cent and 0.2 per 
cent nickel added, a relatively fine- 
grained casting was produced while the 


tensile properties at 600 F. were even 
higher than those of the EM62 com- 
position. Further grain refinement was 
obtained by small additions of zirconium 
or tungsten. As a result, the following 
composition was selected as optimum 
and recommended for field tests: 


The composition limits have not been 
established. Furthermore, the possibility 
of reducing the cerium content has not 


been fully explored nor have the full 
— 
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potentialities of using small amounts of 
beryllium and zirconium been fully eval- 
uated. Beryllium appears to improve the 
creep resistance of the alloy, though it 
tends to coarsen the grain while zirco- 
nium tends to produce fine-grained cast- 
ings. However, since the usefulness of 
these two additions to an alloy contain- 
ing 6 per cent cerium, 0.8 per cent man- 
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3 in. wide and has sections 3, 14, 2, and 
t in. thick. Each section is 3 in. long. 
This casting was sectioned longitudinally 
through the center, and the sections pol- 
ished and etched to reveal their grain 
sizes. Figure 7 shows the EM62 com- 
positions as poured from 1500 F. While 
the photograph is reduced to nearly half 
size in reproduction, the very coarse grain 


Fic. 8.—Intended Composition: 6.00 per cent Ce. 


Pouring Temperature 1500 F. (Heat No. A-4495). 


ganese, and 0.20 per cent nickel has not 
been fully evaluated, they were omitted 
from tk: recommended composition. 
Considerable study was made of the 
alloy of the above optimum composi- 
tion and further data will be presented 
on it. 


Grain-Size Studies: 
Grain-size studies were made using the 
casting shown in Fig. 6. This casting is 


is obvious. Figure 8 shows the E6 com- 
position also as poured from 1500 F. The 
substantial reduction in grain size pro- 
duced by eliminating the manganese is 
quite evident. Note, however, the fairly 
coarse columnar grains on the cope side 
of the 13 in. and 2-in. sections. 

Figure 9 shows the grain size of the 
casting containing 6 per cent cerium, 0.6 
per cent manganese, and 0.2 per cent 
nickel poured from 1500 F. As compared 


‘ 
{ 
Fic, 7.—I ed ( 1: 6.00 per cent Ce, 2.00 per cent Mn. 
r iperature 1500 F. A-44 


O 
with the E6 alloy, it is slightly finer 
grained. 
A casting containing 6 per cent cerium, 
0.6 per cent manganese, 0.2 per cent 
nickel, and 0.5 per cent zirconium poured 


from 1420 F. is shown by Fig. 10. Com- 
paring this photograph with Fig. 9, rep- 
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0.6 per cent manganese, 0.2 per cent 
nickel, and 0.02 per cent tungsten, 
poured from 1415 F., is illustrated by 
Fig. 11. It is evident that this is a fairly 
fine-grained casting though not quite so 
fine as the zirconium-bearing alloy rep- 
resented by Fig. 10. 


Fic. 9—Intended Composition: 6.00 per cent Ce, 0.60 per cent Mn, 0.20 per cent Ni. 


Pouring Temperature 1500 F. (Heat No. A-4497 


Fic. 10.—Intended Composition: 6.00 pe 
cent Zr. 


nt ( 0.9 
r cent Ce, per Cent in, 


0.20 per cent Ni, 0.70 per 


Zirconium added to magnesium containing 0.90 per cent manganese. Pouring temperature 1420 F. (Heat No. A-4593). 


resenting a casting which does not con- 
tain zirconium, it is quite evident that 
the zirconium addition has produced 
some grain refinement. The experimental 
creep results obtained on an alloy of this 
composition indicated that it was some- 
what variable in resistance to creep. 
However, further study of this composi- 
tion could quite probably eliminate this 
difficulty. 

A casting containing the tentative op- 
timum composition of 6 per cent cerium, 


ss 
FOUNDRY CHARACTERISTICS OF 
ALLOYS 


The foundry characteristics of magne- 
sium-cerium alloys are of considerable 
interest. Experience has shown that the 
magnesium-cerium alloys are quite simi- 
lar in this respect to the standard zinc- 
aluminum alloys, AZ63 and AZ92. How- 
ever, a few peculiarities were noted. 

When misch metal is added to the 
magnesium melt, a few heavy nonmetal- 
lic particles appear to form and tend to 


1003 
: 
f 
7 


1004 


settle to the bottom of the crucible. How- 
ever, if they are not given an opportunity 
to settle out of the melt, as when the 
melt is stirred and then poured quickly 
into molds, these heavy nonmetallic par- 
ticles will enter the mold cavity and can 
be found in the castings, particularly on 
the drag surface. No effort was made to 
identify these heavy nonmetallic par- 
ticles. It is apparent, however, that they 
need cause no serious difficulty in the 
foundry if they are permitted to settle 
to the bottom of the pot before the melt 
is transferred to a pouring ladle. 
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the metal appears to penetrate the sand. 
The defects were successfully eliminated 
by avoiding soft spots in the surface of 
the green sand and cores and avoiding 
too great an impact of the metal with 
the mold surface during the pour. 
Another characteristic of the magne- 
sium-cerium alloys is their hot shortness. 
This characteristic apparently is a serious 
limitation in the case of the EM61 or 
EM62, compositions which tend to be 
very coarse-grained at the high pouring 
temperatures. Several castings were 
made with the experimental alloy of op- 


Fic. 11.—Intended Composition: 6.00 per cent Ce, 0.60 per cent Mn, 0.20 per cent Ni, 0.02 per 


cent W. 


Pouring temperature 1415 F. (Heat No. A-4592). 


Another characteristic of the magne- 
sium-cerium alloys is their greater tend- 
ency to form dross as the result of tur- 
bulence during the pour. Therefore, very 
good gating practices must be employed 
to avoid such turbulence. This, of course, 
is a very important subject, too large to 
be discussed in this paper. It should be 
emphasized, however, that gating prac- 
tices adequate for the ordinary magne- 
sium alloys may be disastrous when cast- 
ing magnesium-cerium alloys. 

Another peculiarity of the magnesium- 
cerium alloys which also characterizes 
the standard alloys, but toa lesser extent, 
is the tendency of a dark discolored area 
to occur sometimes on the cope surface 
of the casting. These dark areas appear 
to be a result of local sand reaction where 


timum composition. However, these cast- 
ings were simple ones: test bars, plates, 
small frames, and covers. All of these 
castings could be made successfully and 
no difficulty with hot cracking was en- 
countered. Commercial foundry tests on 
complex aircraft motor castings encoun- 
tered no difficulty with hot cracking. It 
is recommended, however, that good gat- 
ing and melting practices be employed 
and that pouring temperatures not ex- 
ceed 1425 F. 

The cerium alloys, particularly those 
containing 6 per cent, are not susceptible 
to the formation of microporosity, as is 
AZ63 alloy. This is entirely within ex- 
pectations, however, because the solidi- 
fication range is narrow, and there is a 
fairly large quantity of liquid which 
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freezes at constant temperature at the 
end of solidification. 

Exact measurements of the fluidity or 
mold-filling capacity of the alloys are 
fairly difficult to make. Consequently, 
detailed studies of this kind were not 
made. Limited experience indicates, how- 
ever, that, because of the higher melting 


Fic. 12.—Photomicrograph of a Section 
Taken from a Creep Specimen Tested at 600 
F. for 642 hr. (X 100). 


Surface oxidation has started along the grain boundaries. 
EM 62 alloy. 


point range of the magnesium-cerium al- 
loys, they require, for a given set of 
foundry conditions, higher pouring tem- 
peratures than does AZ63 alloy. 

OXIDATION OF 
MAGNESIUM-CERIUM ALLOYS 


# The resistance of the experimental al- 
loy of optimum composition to oxidation 
at 600 and 700 F. was not studied. How- 
ever, these studies were made on the 
EM62 composition. It was found that 


On Macnestum-Certum Cast ALLoys 


some oxidation of the cerium-rich phase 
occurs at 600 and 700 F. during pro- 
longed exposures to these temperatures. 
Figures 12 and 13 illustrate the appear- 
ance of the surface after such oxidation. 
These specimens were exposed in air of 
the high humidity typical of the summer 
months in Central Ohio. 


Fic. 13.—Photomicrograph of a _ Section 
Taken from a Creep Specimen Tested at 700 
F. for 477 hr. (X 100). 


Oxidation has penetrated deeply into the specimen. EM 
62 alloy. 


This high-temperature oxidation ap- | 
peared to be serious if long service ex- 
posures to 600 F. were contemplated. 
Some effort, therefore, was devoted to 
the development of protective coatings. 
Several methods were tried, but the only 
one found successful was as follows: 


First Step—The specimen was degreased in 
a bath containing the following composition: 
Trisodium phosphate 240 sg. 
Sodium carbonate 240 sg. 
Distilled water 8.0 1. 
The bath temperature was maintained at 
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180 to 240 F. and the immersion was for 5 to 
15 min., using a current density of 15 amp. per 
sq. ft. After degreasing, the specimen was rinsed 
in cold water. 

Second Step.—The specimen was then treated 
in a fluosilicic acid bath of the following com- 
position: 

Hydrofluosilicic acid (H2SiFs) 250 ml. 

_ Distilled water . 750 ml. 

Titanium potassium oxalate to produce satu- 

ration. 


Fic. 14.—Photomicrograph of a_ Section 
Taken from an Uncoated EM62 Alloy Speci- 
men After Approximately 900 hr. Exposed at 
700 F. (X 100). 


This bath was used at room temperature and 
the specimens were immersed for 10 min. After 
this treatment, they were subjected to a cold- 
water rinse, then a hot-water rinse, and then 
dried in an air blast. 


Figures 14 and 15 show photomicro- 
graphs of EM62 alloy exposed for 900 
hr. at 700 F. The specimen represented 
by Fig. 14 was uncoated, while the one 
represented by Fig. 15 was subjected 
to the fluosilicic acid treatment as de- 
scribed above. The marked improvement 


is quite evident, and this method of pro- 
tection of magnesium-cerium alloys 
posed for prolonged periods at elevated | 
temperatures merits further investiga- 
tion. 


THE PROPERTIES OF ALLOYS 


As indicated earlier, the following com- 
position was selected for further study: 


1 
by the Fluosilicic Acid Treatment Exposed ap- 
proximately 900 hr. at 700 F. (X 100). 


Cerium, per cent 
Manganese, per cent. 
Nickel, per cent 
Tungsten, per cent 


This alloy is very much finer grained 
than the EM61 or EM62 compositions, 
even when it is poured at high tempera- 
tures into heavy sections. In addition, it 
has tensile properties at 600 F. which are 
higher and creep resistance at least equal 
to that of the EM62 composition. The 
alloy of optimum composition is finer 
grained than E6 and has substantially 
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36% Elongation 
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Stress Heat Creep 
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Fic, 18.—Comparison of Design Curves of EM62 Alloy and Two Heats of the Experimental 
Alloy of Optimum Composition at 600 F. 


TABLE I1I.—COMPARISON OF THE AVERAGE PROPERTIES OF THE EXPERIMENTAL ALLOY OF 
OPTIMUM COMPOSITION WITH OTHER CAST ALLOYS 


BMI alloy EM62 E6 EK30 or 142-T61 
EZ33 


Condition®... HTAS HTAS HTAS HTAS | HTA? Aged (Stabilized) 


Nominal composition ...... \Mg-6 Ce-0.8 Mg-6 Mg-6 Ce Mg-3.25 Ce- Mg-2.75 Al-4 Cu-0.6 Fe-0.8 
| Mn-0.2 Ce-1.8 Mn 0.35 Zr Ce-2.75  Si-1.5 Mg-2 Ni-0.2 
i Ni-0.02 W | Zn-0.6 Zr Ti 


Grain size, in. om 
poured at 1450 0.04 


Tensile strength, psi.: 
Room temperature. . . 17 850 — 20 300 37 000 
400 F.... 16 375 20100 22 000 
600 F... ; 13 900 8 900 8 000 


Tensile yield strength psi.:@ 
Room temperature......... 17 850 Te 32 000 
400 F. 7 950 ap ada 25 000 
600 F....... : 7 050 4 000 


Elongation in 2 in., per cent: 
Room temperature 
400 F 


Cx. = load, psi., to produce 
0.5 per ‘cent deformation 
in 100 hr. at 600 F 


Cy. + density 


Minimum creep rate, 600 F. | 
<4 2500 psi., per cent per | 


Total deformation, 120 hr. at 
600 F. at 2500 psi. load, 
per cent 0.12 to 0.14.0.15 to 0.23 1.4 5.5 0.05 


* Data based on a few tests only. Also see Reference (7). 
» Tensile data on these alloys at 600 F. in the A or HTA condition are fictitiously high because they are not stabilized 
at test temperature. 
5 Properties of BMI alloy, EM62, and E6 at room temperature for HTA condition. 
40.2 per cent offset. 
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better tensile properties and creep resist 
ance at 600 F. 

During the course of the experimental 
work, a considerable amount of tensile 
and some creep data were obtained on 
AZ63 alloy, EM62, and the alloy tenta- 
tively selected as the optimum composi- 
tion. These data have been reproduced 
elsewhere (8). However a comparison of 
the tensile and creep properties of the 
experimental alloy and EM62 are shown 
by Figs. 16, 17, and 18, 

SUMMARY 


About 350 heats of magnesium-cerium 
cast alloys, most of which contained 
other elements, have been prepared and 
studied. The evaluation of the composi- 
tions was based on the following tests: 

1. Tension tests at room temperature. 

2 Tension tests at 600 F. 

3. Creep tests at 600 F., 
psi. load. 

4. Macro and microexaminations. 

Six per cent cerium (rare earths) was 
selected for study as a compromise be- 
tween cheaper and lower density alloys 
of lower cerium content, on the one hand, 
and higher strength alloys of still higher 
cerium content, on the other. Manganese 
was also employed in most of the alloys 
because of its beneficial effects on tensile 
properties and creep resistance at 600 F. 
The alloy of optimum composition tenta- 
tively selected is as follows: 

Cerium (rare earths), per cent 

Manganese, per cent 

Nickel, per cent 

Tungsten, per cent 

The possibilities of lowering the cerium 
or employing zirconium and beryllium in 
this composition look promising, but 
these variations in compositions have not 
been fully evaluated. 


A comparison of the properties of this 


using a 2500 
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alloy with four other cerium-containing 
alloys and the aluminum-base alloy No. 
142 is shown in Table III. Examination 
of the data clearly shows the superiority 
of the experimental alloy of optimum 
composition. Its creep resistance at 600 
F. is similar to that of EM62, but it has 
the advantages of having higher tensile 
properties at 600 F. and being very much 
finer grained when cast. As compared 
with EM62 alloy, the number of grains 
per unit volume is approximately one 
thousand times greater for the alloy of 
optimum composition. A marked superi- 
ority in load-carrying capacity over E6, 
EK30, and the English alloy, ZRE1, at 
600 F. is quite evident. 

Master alloys are producible which 
render the preparation of the above ex- 
perimental alloy relatively easy. Melting 
in steel crucibles under a nitrogen atmos- 
phere is recommended. Careful foundry 
practices are required. Prolonged expo- 
sure at 600 F. will cause the magnesium- 
cerium alloys to oxidize at the surface. 
A chemical treatment has been developed 
which greatly reduces this oxidation. 
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Mr. J. W. MErer.'—In view of the 
recent progress in the field of jet-pro- 
pelled engines, the development of mag- 
nesium-base alloys suitable for elevated 
temperature service became very impor- 
tant and urgent. The authors are to be 
congratulated for their interesting paper 
and the presentation of valuable data on 
a very promising new casting alloy. 

Experimental work on magnesium 
casting alloys for elevated temperature 
service was conducted during the past 
few years at the Canadian Bureau of 
Mines, and some of our results were pre- 
sented at the Annual Meeting of the 
Canadian Institute of Mining and Metal- 
lurgy a few weeks ago.” In this connec- 
tion I should like to raise a few problems 
concerning the use of the magnesium- 
rare earths alloys. 

Research on magnesium-base alloys for 
elevated temperature service is being con- 
ducted mainly, if not exclusively, for the 
aircraft industry where the highest 
strength-to-weight ratio is the most es- 
sential characteristic for any material 
to be used. Therefore it seems to be ad- 
vantageous to divide the range of ele- 
vated temperatures into three service 
condition ranges: 

1. Up to approximately 250 F.— 
where the highest-strength Mg-Zn-Zr 
casting alloys, for example, alloy ZK61, 
should be used for all structural com- 
ponents. 

2. From 250 F. to approximately 400 
F.—where the Mg-R.E. (rare earths)- 

1 Head, Non-Ferrous Metals Section, Canadian Bureau 
of Mines, Ottawa, Ontario, Canada. 

2 J. W. Meier and M. W. Martinson, ‘“Magnesium Cast 
ing Alloys for Elevated Temperature Service,” presented 


at Annual Meeting, Canadian Institute of Mining and 
Metallurgy, Toronto, April 18, 1950. 
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Zr or Mg-R.E.-Zn-Zr casting alloys ap- 
pear to show the best combination of 
properties. 

3. Over 400 F. (or maybe 450 F.) © 
where the Mg-R.E. or Mg-R.E.-Mn cast- 
ing alloys, with or without further alloy- 


ing additions, exhibit the highest ele- — 


vated temperature properties. 

This division of service temperature 
ranges would allow the use of zirconium- 
containing alloys in the lower-elevated- 
temperature range and take advantage 
of their higher room-temperature prop- 
erties, and better castability. For the 
highest temperature range, alloys of the 
type proposed in the present paper would 
be the obvious choice because of their 
superior creep characteristics. 

Another problem is the heat treatment 
of these alloys. It is known from work 
on other magnesium-base alloys that for 
most of them the best creep characteris- 
tics at elevated temperatures are being 
obtained in the “‘as cast and stabilized” 
condition. The authors show all their re- 
sults in the fully heat-treated condition, 
and it would be interesting to compare 
the difference in creep properties for 
these two conditions. 

For the practical use of the proposed 
alloy it would be essential to answer the 
following questions: 

1. What are the casting characteristics 
of the proposed alloy as compared with 
other magnesium casting alloys, espe- 
cially the fluidity, shrinkage, tendency 
to segregation and hot cracking? 

2. What are the welding characteris- 
tics of this alloy and how is welding af- 
fecting its properties? 
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3. What effect has the nickel addition 
on the corrosion resistance of this alloy? 

Mr. R. T. PARKER.*—I should like to 
ask a question about the properties given 
in Table I on magnesium-cerium cast 
alloys, in which some deformation prop- 
erties are given. Does the author con- 
sider it justifiable to compare the defor- 
mation properties of these alloys and the 
aluminum-base alloy by dividing by the 
density? I question the justification for 
doing so. It does bring the magnesium 
alloys a little nearer the aluminum alloys, 
but I should think it would have been 
more proper to consider the deformation 
properties on an absolute basis alone. 

As an extension to this I wonder 
whether the author could give us a com- 
parable value for the aluminum-6 percent 
magnesium alloy and whether, in addi- 
tion, he has any comparable properties 
for any of these alloys at room tempera- 
ture? 

Mr. L. W. Eastwoop (author).—Mr. 


* Director of Research Dept., Aluminum Laboratories 
Limited, Inc., Banbury, Oxon, England. 


Meier’s classification of temperature serv- 
ice is well taken. The experimental alloy 
described in this paper is of course for 
service at temperatures in the range 500 
to 600 F. All of the information on the 
foundry characteristics is described in the 
paper. No information is available on its 
welding characteristics. The magnesium- 
cerium alloys will require paint protec- 
tion when used in corrosive atmospheres. 
The data presented in the paper indicate 
that heat treating the magnesium-cerium 
alloy of the EM42 type has little or no 
effect on the creep properties. 

In reply to Mr. Parker’s question, it 
seems quite reasonable in aircraft castings 
to compare materials on an equal weight 
basis. This is the reason light alloys are 
so extensively used in aircraft. On an 
equal weight basis, the high-temperature 
properties of the magnesium-cerium al- 
loys are better than those of the alumi- 
num-6 per cent, magnesium alloy de- 
scribed elsewhere.‘ 

4L. W. Eastwood, Webster Hodge, and C. H. Lorig, 


“Aluminum—6 per cent Magnesium Alloys for Elevated- 
Temperature Service,” see p. 1013 of this publication. 
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ALUMINUM -6 PER CENT MAGNESIUM ALLOYS 
FOR ELEVATED-TEMPERATURE SERVICE* 

By L. W. Eastwoop,? HopceE,’ Anp C. H. 

oar 


“ate 
As a result of a systematic study of aluminum-base alloys containing mag- 
nesium, the following casting alloy has been developed for elevated-tempera- 
ture service: 


6 per cent Zirconium 
.. 1 per cent Titanium. 

1.5 percent Beryllium......... 
. 0.1 per cent 


.0.05-0.25 per cent 
.0.08 per cent 

. 0.005 per cent 
Aluminum(99.5 per cent). .. . Balance 


Magnesium......... 

opper.. 
Vanadium. 


= 


This alloy is not appreciably adversely affected by stabilization at temperatures 
up to 700 F., has low density, good resistance to corrosion, good machining 
characteristics, and, even after stabilization at 600 F., has very high tensile prop- 
erties. As c. .pared with 142 or Y alloy castings, it has appreciably lower 
thermal conductivity and somewhat lower resistance to creep at 600 F. Al- 
though the above composition has considerably better resistance to creep 
than previously known aluminum- per cent magnesium casting alloys, still 


further improvements in creep resistance may be possible. 


Aluminum-base alloys have had wide 
application in aircraft motor parts oper- 
ating at elevated temperatures. It is 
known that, in sdéme instances, such 
operating temperatures are as high as 
600 F. Among the aluminum-base cast- 
ing-alloys, 142 alloy (4 per cent cop- 
per-1.5 per cent magnesium-2 per cent 
nickel) and A355 (1.4 per cent copper 
—5 per cent silicon—0.5 per cent magne- 
sium-0.8 per cent nickel-0.8 per cent 
manganese) are most commonly recom- 
mended for sand-cast parts for elevated- 
temperature service. 

It is well known that the aluminum- 

* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

1 The work described in this paper was sponsored and 
financed by the National Advisory Committee for Aero- 
nautics, Contracts Nos. NAw-5480'and NAw-5627. Part of 
this work has been described in NACA Technical Note No. 
1444, issued January, 1948. 

2’ Supervisor, Assistant Supervisor, and Assistant 


gga respectively, Battelle Memorial Inst., Columbus, 
Yhio. 


base alloys containing 6 per cent mag- 
nesium have higher tensile properties 
at 600 F. than either 142 or A355 com- 
positions.*: * Such magnesium-containing 
alloys are also outstanding because of 
their excellent tensile properties at room 
temperature, 
teristics, excellent resistance to corrosion, 
and low density. Although the aluminum- 
base alloys containing magnesium do not 
crack in the mold during cooling after 


> 


good machining charac- 


solidification, it is necessary to use good — 
gating practice to avoid defects resulting © 


from turbulence during the pour. Some 
precautions against reaction with the 
sand are also required. Usually, in an 


aluminum alloy containing as much as — 


3 Alcoa Aluminum and Its Alloys, Aluminum Company 
of America, 1947. 
4L. W. Kemp, W. A. Dean, and R. B. Wrege, “‘Investi- 
gation of Aluminum Alloys for Applications at Elevated 
Temperatures,’ Aloca Report No. 4-45-6, Cleveland 
Research Division, Aluminum Company of America, 
September 12, 1945. 
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6 per cent magnesium, sand reaction can 
be avoided, at least in the light sections, 
by adding 0.005 per cent beryllium to 
the alloy. 

For high-temperature applications, the 
aluminum alloys containing 6 per cent 
magnesium have two principal disad- 
vantages. One of these is low thermal 
conductivity which, after heat treating 
and stabilizing the casting, is about one- 
third lower than that of 142 in a heat- 
treated and stabilized condition. The 
other disadvantage of the aluminum-6 
per cent magnesium alloys for elevated- 
temperature applications is their poor 
resistance to creep® at 500 and 600 F., 
despite their relatively high tensile 
strength and yield strength at these tem- 
peratures. 

For those applications in which heat 
dissipation is unimportant and service 
life short, it was believed that aluminum- 
base alloys containing 6 per cent mag- 
nesium would be very useful. In such 
applications where the service life at 
temperature is short, high tensile prop- 
erties would be desirable, but resistance 
to creep would not be important. It was 
thought that a modification might be 
made in the composition which would 
improve the resistance to creep and, 
therefore, make alloys of this type useful 
for high-temperature applications in- 
volving prolonged service life. Accord- 
ingly, the principal objective of the ex- 
perimental work described in this paper 
was the development of improved creep 
properties in the aluminum-6 per cent 
magnesium-base alloys at 600 F. Some 
attention was paid to the improvement 
of tensile properties at room temperature 


to 600 F. 
EXPERIMENTAL WoRK 


The general procedure consisted of 
casting the experimental compositions 
5R. R. Kennedy, ) Characteristics of Aluminum 


Alloys,” Proceedings, Am. Soc. Testing Mats., Vol. 35, 
Part Il, pp. 218-231 (1935). 
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into test bars made in green sand molds. 
A standard four-bar mold was used for 
this purpose. The test bars poured from 
1320 to 1350 F. were usually solution- 
heat-treated and aged or stabilized, but 
in some instances, they were tested in 
the as-cast as well as as-cast and sta- 
bilized conditions to determine the effects 
of heat treatment. Metallographic exam- 
ination was made of each experimental 
composition to make certain that the 
test bars were sound and fine grained. 
Those compositions having good room- 
temperature tensile properties were also 
subjected to tension tests at 600 F. and 
to a standard — test at 600 F., using 


a 1300 psi. load. 


One of the first iolinsiai encountered 
in the early development work with the 
6 per cent magnesium alloys was the ten- 
dency of the alloy to react with moisture 
in the green sand molds. The seriousness 
of this sand’ reaction varied from mold 
to mold, but, in general, the surface un- 
soundness which resulted would entirely 
vitiate any useful comparison of the prop- 
erties of the sand-cast test bars of various 
compositions. 

It was found that approximately 0.005 
per cent beryllium, when added to the 6 
per cent magnesium melt, would entirely 
eliminate this trouble from sand reaction. 
Although the amount of beryllium re- 
quired is not critical, it should not be 
much in excess of 0.005 per cent; other- 
wise, high beryllium content will produce 
a characteristic sand reaction with the 
green sand molds. These beryllium addi- 
tions were made to all the melts by add- 
ing an aluminum-beryllium alloy con- 
taining 1 to 1.25 per cent beryllium. 
When scrap was melted, no additional 
beryllium was required. While the bery]- 
lium addition was very effective, it 
should be noted that it may not be ade- 
quately effective when casting heavy 


Sand Reaction: 
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sections. In this case, an inhibitor in the 
sand will be required. 


Grain Refinement: 


In order to avoid variations in grain 
size from one composition to another, a 
grain refiner was added to all the experi- 
mental compositions. It was found that 
titanium was very effective, and an addi- 
tion of either 0.08 per cent titanium alone 
or the combination of 0.01 per cent boron 
plus 0.02 per cent titanium was used for 
this purpose. Either of these additions 
resulted in consistently fine grain, usu- 
ally of the order of 0.01 to 0.02 in. in the 
test bars poured from 1325 to 1350 F. 


Melt Quality: 


The 6 per cent magnesium alloys, like 
other ailoys of aluminum which solidify 
essentially as a solid solution, are subject 
to an unsoundness called microporosity. 
In well-fed castings such as the test bars, 
such unsoundness is caused by the evolu- 
tion of gas (hydrogen) during solidifica- 
tion. Microporosity has a very marked 
effect upon the tensile properties of the 
castings. Therefore, to permit accurate 
comparison of one composition with an- 
other, the production of consistently 
sound test bars was insured by chlorine 
fluxing the melts at 1325 to 1350 F. for 
15 min. just prior to removing the pot 
and pouring the melt. 


Heat Treatment: 


Although aluminum alloys containing 
6 per cent magnesium are not normally 
considered to be amenable to heat treat- 
ment, it was found that some of the com- 
positions were very markedly improved 
by solution heat treatment. This was 
especially true of the aluminum-6 per 
cent magnesium alloys containing 1.5 per 
cent copper. Furthermore, these benefits 
of the solution heat treatment were re- 
tained in the alloy after it was exposed 
for long periods at temperatures of 650 F. 
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Thus, alloys of this type are structurally 
stable at service temperatures of the 
order of 600 to 650 F. This is in very 
marked contrast to the effects of exposure 
to high temperature on the room-tem- 
perature and elevated-temperature prop- 
erties of 142 alloy. Since the anticipated 
service conditions would involve pro- 
longed exposure to a temperature of 
about 600F., all of the experimental 
compositions were stabilized for 24 hr. 
at 650 F. and then air cooled from the 
stabilization temperature. To establish 
the effects of heat treatment, some of the 
alloys were tested in the as-cast or as-cast 
and stabilized conditions. When a heat 
treatment was employed, the castings 
containing 6 per cent magnesium were 
heated for 16 hr. at 810 F., quenched in 
cold water, and then stabilized for 24 hr. 
at 650 F. before testing them at room 
temperature or at 600 F. This is referred 
to as the HTS condition. The effect of 
heat treating an alloy containing 6 per 
cent magnesium, 1.5 per cent copper, 1 
per cent manganese, 0.02 per cent ti- 
tanium, 0.01 per cent boron, 0.005 per 
cent beryllium, balance 99.75 per cent 
aluminum, is shown by the following 
data: 


As Cast Heat Treated 


and Stabilized 

Tensile strength, psi............ 26 500 35000 

Yield strength, 0.2 per cent off- Ann 
Elongation in 2 in., per cent.... 0.8 


The effects of prolonged exposure of 
this alloy, 142 alloy, and Alcoa 254 alloy 
at 650 F. are shown by the data in Table 
I. It is quite evident from this table that 
the room-temperature tensile properties 
of the two alloys containing 6 per cent 
magnesium are not appreciably damaged 
by prolonged exposure at 650 F. On the 
other hand, 142 or Y alloy is quite ad- 
versely affected by such a treatment. 
The yield strength of 142 alloy after ex- 
posure for 18 days at 650 F. is only about 
40 per cent of that of the aluminum - 6 
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per cent magnesium alloys similarly sta- 
bilized. 


Tension and Creep Tests: 


Because the anticipated service tem- 
perature was 600 F. and the service life 
a prolonged period, the alloys were tested 


TABLE L—EFFECT OF STABILIZATION ON THE 
ROOM TEMPERATURE PROPERTIES OF 
THREE ALLOYS? 


iti Experi- 
Additional Alcoa 
Stabilization 142 mental 


Treatment HTA? 


Alcoa 

25 
As Cast 
Tensile | 

strength, psi None 39 500 24000 35 000 
Yield strength, 

0.2 per cent 

offset, psi None 37 000 »«=©23 000 | 24 500 
Elongation in 2 

in., per cent.. None 1.5 1.0 2.6 
Tensile 

strength, psi. 18 a. at 24 000 | 28 000 | 30 500 

650 F. 

Yield strength, 

0.2 per cent 

offset, psi....| 18 days at 
Elongation in 2 650 F. 


in., per cent.. 18 days at 25 | 1.0 1.7 
650 F. | 


9 600 | 22 700 | 22 700 


@ Alcoa 142 initially heat treated 6 hr. at 960 F, 
quenched in boiling water, aged 8 hr. at 400 F. Alcoa 254 
was in the as-cast condition. Experimental alloy was heat 
treated 16 hr. at 810 F., quenched in cold water, stabilized 
24 hr. at 650 F., air cooled. The nominal compositions of 
the alloys, in per cent, were as follows: 


Balance 


Manganese 
Magnesium 
Titanium 


Alcoa 142 
cen 

Alcoa 254 0.5.1.0 1.5 6.00.02 0.01 99.75 

| cent / 

75 per 


Experimental*® 6.00.02 0.01 99 
| cent Al 


HTA = Heat treated, aged. 
HTS = Heat treated, stabilized. 
© The experimental alloy is not the alloy of optimum 
composition. The latter alloy would have slightly better 
tensile properties. 


at 600F. in the stabilized condition. 
When carrying out the tension tests at 
600 F., the bars previously stabilized 
were held at temperature } hr. before 
making the test. The rate of movement 
of the crosshead was 0.01 in. per min. per 
in. of gage length until the 0.2 per cent 
offset yield was passed. The rate of the 
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crosshead movement was then increased 
to 0.03 in. per min. per in. of gage length 
until rupture was produced. 

The creep tests were conducted at 600 
F., employing a load of 1300 psi. This 
creep test was used as a method of screen- 
ing the alloys to indicate those having 
the greatest resistance to creep. The test 
was run for approximately one week. 
When obtaining creep data on the alloy 
of optimum composition, the tests were 
run for longer periods. 

A detailed account of the method of 
making the tension tests and creep tests 
at elevated temperature has been de- 
scribed elsewhere.*® 


Compositions Investigated: 


A considerable number of experimental 
alloys were prepared, most of them con- 
taining 6 per cent magnesium. The range 
in compositions investigated is shown by 
the data in Table II. As indicated pre- 
viously, all of these alloys contained 
0.005 per cent beryllium and either 0.08 
per cent titanium or 0.01 per cent boron 
and 0.02 per cent titanium. The beryl- 
lium was added to prevent sand reaction, 
and the grain refiner was added to pro- 
duce fine-grain castings. As a _ result 
of these studies, the effects of the 
principal alloy elements were estab- 
lished as described in the following para- 
graphs. 

Effect of Magnesium Content-—Be- 
tween the lim:ts of 4 per cent and 6 per 
cent magnesium, very little difference 
was noted in the tensile strength of the 
experimental alloys at 600F. In the 
heat-treated condition, the room-tem- 
perature properties, of course, increase 
up to about 11 per cent magnesium. 
However, in the heat-treated and sta- 
bilized condition, 6 per cent magnesium 
is the optimum for maximum room-tem- 
perature tensile properties. At concentra- 
tions above 6 per cent magnesium, the 


®K. Grube and L. W. Eastwood, ‘‘Magnesium-Cerium 
Cast Alloys for Elevated-Temperature  Service,”’ 
Proceedings, Am. Soc. Testing Mats., Vol. 50, p. 989 (1950). 
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TABLE II.—RANGE 0 OY COMPOSITIONS 
INVESTIGATED, COMPOSITIONS tensile strength at 600 F. decreases rap- 


idly, and the precipitated aluminum- 
magnesium compound can be noted at 
the grain boundaries. 

Some stabilization tests were carried 
out with alloys containing 4, 5, and 6 per 
cent magnesium, the alloys otherwise 
being similar because all contained 1.5 
per cent copper, 1 per cent magnanese, 
with grain refiner and beryllium addi- 
tions. The effects of stabilization at 1, 4, 
and 10 days at 575 and 650 F. were de- 
termined after solution heat treatment. 
The alloy with 4 per cent magnesium 
showed no appreciable change in the 
room-temperature properties with in- 
creasing time at either of the stabiliza- 
tion temperatures. The 5 per cent 
magnesium alloy showed a slight gain in 
ultimate strength at room temperature 
after all stabilizing treatments extend- 
ing beyond the 24-hr. period, but the 
yield strength was not affected. On the 
other hand, the 6 per cent magnesium 
alloys showed a slight decrease in ulti- 
mate strength and hardness after all sta- 
bilizing treatments which were prolonged 
beyond the 24-hr. period. This adverse 
effect of prolonged heating at 575 or 650 
F. was slight, and it indicates that, in 
general, these alloys containing up to 
6 per cent magnesium are structurally 
stable in this temperature range. Mag- 
nesium contents appreciably higher than 
6 per cent are not desirable. 

Effect of Manganese Content.—Man- 
ganese up to 1.5 per cent can be tolerated 
in the 6 per cent mangesium alloys, and 
the optimum content of approximately 1 
per cent is a very desirable addition be- 
cause it improves the tensile properties 
at room temperature and at 600 F. How- 
ever, an aluminum alloy containing 6 
per cent magnesium and 1 per cent man- 
ganese has rather poor ductility at 600 F. 
because of the large amount of cracking 
which occurs under tension, with rela- 
tively little elongation. 


Effect of Copper ( 


Base Composition, per cent 
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Manganese 


| Copper 
Iron 
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added to an aluminum-base alloy con- 
taining 6 per cent magnesium and 1 per 
cent manganese improves the ductility 
both at room temperature and at high 
temperature, particularly because the 
cracking which occurs in tension bars 
broken at 600 F. is substantially elim- 
inated by the copper addition. In place 
of the numerous small cracks, uniform 
elongation and considerable necking at 
the fracture occur. The room-tempera- 
ture tensile properties of the alloy con- 
taining the copper are also subject to 
marked improvement by a solution heat 
treatment, followed by an aging or sta- 
bilizing treatment consisting of 24 hr. 
at 650 F. Asa result, the optimum copper 
addition of 1.5 per cent produces a 
marked improvement in the room-tem- 
perature tensile properties of the solu- 
tion heat-treated and stabilized alloy. 

Effect of Nickel Content—Nickel may 
be substituted for copper either alone or 
combined with iron. About 2 per cent 
nickel with 1 per cent iron, or 1 per cent 
nickel with normal iron content as an 
impurity, appears to be the optimum 
composition for the aluminum-magne- 
sium-nickel alloys. The room-tempera- 
ture tensile properties of these alloys are 
moderately low and are not improved by 
heat treatment, but they have high ten- 
sile properties at 600 F. 

Effect of Copper and Nickel Content.— 
Copper and nickel together in most pro- 
portions appear to be inferior to either 
alone. The best proportions of copper 
and nickel were found to be either 1.5 per 
cent nickel and 0.5 per cent copper, cor- 
responding to Alcoa 254, or the reverse 
of these proportions. Both of these alloys, 
containing either 1.5 per cent nickel and 
0.5 per cent copper, or 0.5 per cent nickel 
and 1.5 per cent copper, can be improved 
somewhat by a solution heat treatment, 
but to a much lesser extent than the 
nickel-free experimental alloy containing 
1.5 per cent copper. — 
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On the basis of the tensile properties 
of the various compositions at room tem- 
perature and at 600 F., the ‘following 5 
alloys, prepared from 99.7 per cent alu- 
minum, were selected for further consid- 
eration: 


| Composition, per cent 


Alloy | § | 3 | E | 

No. 1.. 6 1 1.5 0 0.08 | 0.005 
No. 2.. 6 1 aati 1 0.08 | 0.005 
No.3..| 6 | 1 |... | | 0.08 | 0.005 | i.0 
No. i. 6 1 1.5 0.5 0.08 | 0.065 
No. 5.. 6 1 0.5 1.5 | 0.08 | 0.005 


The first of these was considered to have 
the greatest possibilities. After a solu- 
tion heat treatment and a stabilization 
treatment consisting of 24 hr. at 650 F., 
this alloy consistently possessed the fol- 
lowing mechanical properties: 


Room 
Temperature 600 F, 
Tensile — 35 000 13 000 
Yield strength, bel. MERRY BRE 24 500 10 000 
Elongation in 2 in., per cent....... 2.5 20 
Brinell hardness number........... 80 ie 


After complete stabilization or, at 
least, after 480 hr. at 650F. prior to 
testing at 600 F., the tensile and yield 
strengths obtained at 600 F. did not de- 
crease more than 1000 psi. from the 
above values. As indicated later, sub- 
stantial improvements have been made 
in this composition by suitable additions. 

The second alloy did not respond to 
solution heat treatment and, as a result, 
the room-temperature tensile properties 
were substantially lower than those ob- 
tained for Alloy No. 1, but the tensile 
properties at 600 F. were slightly supe- 
rior to those obtained on the unimproved 
No. 1 composition. 

The third alloy had ee poor 


: 
* 


yield strength at room temperature, but, 
nevertheless, had slightly the highest 
yield strength at 600 F. This composition 
did not respond to solution heat treat- 
ment, and, as a result, the room-tempera- 
ture tensile properties were relatively 
low. 

Composition No. 4 is similar to Alcoa 
254, excepting that 0.08 per cent tita- 
nium has been added to produce grain 
refinement, and beryllium has been added 
to eliminate sand reaction, thereby im- 
proving the foundry characteristics when 
using green sand molds. 

In general, then, the first of the five 
alloys listed has the best room-tempera- 
ture properties, and at all temperatures 
up to and including 500 F. The other 
four alloys have tensile properties slightly 
lower than those of Alloy No. 1 at all 
temperatures up to 500 F., and all five 
alloys have similar tensile properties at 
600 F. However, Alloy No. 3 has slightly 
the lowest room-temperature properties 
and slightly the highest tensile prop- 
erties at 600 F. 


Improvement in Resistance to Creep at 
Elevated Temperatures: 


The existing information and the data 
obtained in the short-time creep tests 
definitely indicate that the aluminum-6 
per cent magnesium alloys have poor 
resistance to creep at 600 F. Of the five 
compositions listed previously, which ap- 
peared to have some promise, Alloys 
Nos. 1 and 2 were subjected to further 
development in order to improve their 
tensile properties at room temperature 
and at 600 F., as well as to improve their 
resistance to creep at 600 F. Accordingly, 
the effects of many minor elements and 
combinations of minor elements were in- 
vestigated in an effort to improve the 
creep properties. 

The short-time creep tests were made 
on experimental alloy compositions, and 
on Alcoa 142 and Alcoa 254 for purposes 


ON 6 PER CENT MAGNESIUM 


of comparison. These short-time tests 
were carried out at 600 F., using a load 
of 1300 psi. for periods generally up to 
100 to 150 hr., though some tests were 
continued for longer periods. It was, of 
course, necessary also to obtain tensile 
properties at room temperature and at 
600 F. The entire series of experimental 
compositions prepared for creep testing 
is included in Table III. This table shows 
intended composition of the alloy, the 
tensile properties at room temperature, 
the maximum grain size, the tensile prop- 
erties at 600 F., and some data on the 
creep properties at 600 F. employing a 
load of 1300 psi. A number of elements 
were found to have beneficial effects on 
the creep properties of the two base 
compositions. 

Typical time-deformation curves for 
the creep tests run at 600 F. and 1300 
psi. are shown by Fig. 1. This chart 
graphically shows the relative merits of 


Alcoa 142, Alcoa 254, and an experi- — 
mental alloy. This graph also shows the | 


beneficial effects on the creep rate ob- 
tained by the use of various amounts of 
zirconium in a base alloy containing 6 


1 per cent manganese, with the usual 
amounts of grain refiner and beryllium. 
Figure 2 is a graphical representation of 
the more important creep data listed in 
Table III. This chart shows the minimum 
creep rate and the total deformation at 
100 hr. obtained on alloys of various 
compositions. 


per cent magnesium, 1.5 per cent copper, ; 


Zirconium in amounts from 0.05 to — 
0.25 per cent increases the resistance of | 
the base alloy to creep and tends to in- — 7 


crease the room-temperature strength 
unless the grain size also increases. If a 
grain-size increase occurs at 0.02 per cent © 


titanium addition, grain refinement may — 
often be restored by increasing the ti- 
tanium content to 0.08 per cent. Vana- 7 


dium additions of 0.1 per cent in com- 
bination with 0.25 per cent zirconium 
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Eastwoop, HopcE, AND Loric 
‘produce excellent room-temperature containing 6 per cent magnesium, 1.5 
__ properties, good high-temperature prop- per cent copper, and 1 per cent man- 
T T 
"I 7 ALLOY HEAT NO. CONDITION COMPOSITION, PER CENT 
Mg Cu Mn Ni Vv al 
ALCOA 254 74 ACAS 60 10 15 - - BAL. 
ALCOA 142 76 HTAS 15 40 - 20 - - BAL. 
O'S EXPERIMENTAL 1498 HTS 60 15 10 - O25 BAL. 
74-3 (ALCOA 254) 
0.00075 % PER HR 
alo 
| 
76-3( ALCOA 142) 0.00018 % PER HR 
& 0.05 
z 
1494 (EXPERIMENTAL) 
0.00005% PER HR 
ws CONTINUED TO 500 HR. 
t 
2 EXPERIMENTAL ALLOYS; CONDITION-HTS. | 
COMPOSITION, PER CENT 
| HEAT NO. Mg Cu Mn Zr Al | 
148A 6015 10005 BAL. 
7 994 6015 10 O! BAL 145 DIA | 
6015 O02 BAL 0.00085% PER HR 
1450 6015 10 O5 BAL 
78 6015 10 - BAL 
78-1 
0.00045 % PER HR | 
1484 Q00016 % PER — 994 0.00015 % PER HR 
0.05 
0.00013 % PER HR 
1?) 40 80 120 160 200 


erties, and improved resistance to creep. 
Vanadium in greater amounts appeared 
to have a favorable effect on the high- 
temperature tensile strength but de- 
creased the room-temperature tensile 
strength somewhat. 


Tensile Properties of Stabilized Alloys: 


During the course of the experimental 
work, speicimens of alloys for elevated- 
temperature service, developed by the 
Royal Aircraft Establishment (R.A.E.), 
were received for testing. Two alloys 
were available, each in the wrought and 
chill-cast conditions. Specimens of these 
four alloys in addition to Alcoa 142, 
Alcoa ait and an experimental alloy 


TIME, 


HR 


i? Fic. 1.—Typical Time-Deformation Curves for Creep Test Run at 600 F. and 1300 psi. on Cast 
Aluminum-Base Alloys 


ganese, with grain refiners and beryllium, 
were stabilized as follows: 


Tests Stabilizing Treatment 
Room temperature. .:.........-... None 
480 hr. at 575 F. 
480 hr. at 575 F. 
96 hr. at 700 F. 
Other specimens of the alloys were pre- 


pared and tested at room temperature in 
the following conditions: 


Alloy Condition 
R.A.E. alloys . ..As received 
Alcoa 142....... Heat treated and aged 
Alcoa 254 Aged 8 hr. at 400 F. 
Experimental alloy and stabilized 24 hr. 
at 


The compositions of the various alloys 
are listed in Table IV. The tensile 
strength, yield strength, and elongation 
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TABLE IV. —COMPOSITION OF STABILIZED ALLOYS REPRESENTED IN FIG s. 3, 4, AND 5 


Composition, per cent 


| Manganese 
Magnesium 


Aluminum 


Remainder 
Remainder 
Remainder 
Remainder 
Remainder 


0.01 
10. 02 0.01 
6% cerium (rare earths) 


TO 48 000 | 


o—-- 


a-.—. 


TENSILE STRENGTH, PSI 


O—— RAE 55, WROUGHT 
RAE 55, CHILL CAST 
+——- RAE 40C, WROUGHT 
@——-- RAE 40C, CHILL CAST 
A------ ALCOA 142, SAND CAST, HTA 
x——— ALCOA 254, SAND CAST, acA 
CM62, SAND CAST, HTA 

EXPERIMENTAL, SAND CAST, HT 


ALL ALLOYS STABILIZED PRIOR TO 
TESTING AT ELEVATED TEMPERATURES 


TABLE IZ FOR COMPOSITIONS 


| 


100 200 300 


400 500 


TEMPERATURE, DEG. FAHR 
Fic. 3.—Tensile Strength of Various Alloys. 


data obtained on these compositions are 
graphically illustrated by Figs 3, 4, and 
5, respectively. 

It should be noted that the experi- 
mental cast alloy compares favorably 


with the other two sand-cast composi- 
tions, Alcoa 142 and Alcoa 254, and even 
with the chill-cast R.A.E. alloy. The ex- 
perimental 6 per cent mangesium alloy, 
however, is not the optimum composition 


| 
| 1.87 5.02 0.68 0.51 0.07 0.34 | 0.18 0.3 
Alcoa 142%. ................-| 4.00] ... | 2.00 1.50 10) 0.4 
Alcoa 254%... 0.50 | 1.05 | 1.50 5.99 09 | 0.1 
} Experimental® (Heat 78)....| 1.50 | 1.05... 6.00 09 0.1 
a Calculated or nominal compositions. 
ALN. 
39000 
ar 20 000}-— iN a 
“a 
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which was later developed, because it 
did not contain zirconium or vanadium. 
If the experimental alloy had contained 
0.1 per cent vanadium and 0.25 per cent 
zirconium, both the tensile properties 
at room temperature and at 600 F. would 
be slightly superior to those shown in 
Figs. 3, 4, and 5. It should be further 
noted that the R.A.E. alloys tested may 
not be representative of the best cast 
and wrought aluminum-base alloys de- 


TABLE V.—CHEMICAL ANALYSIS OF 
LISTED IN TABLES VIII AND IX AD 
REPRESENTED BY FIGS. 6 TO 10. 
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on Alcoa 254 alloy, a series of heats was 
prepared, heat treated, stabilized, and 
tested. The tensile properties were ob- 
tained at room temperature, 400, and 
600 F., and creep properties were evalu- 
ated at 600 F. The compositions of the 
alloys are listed in Table V. Table VI 
shows the data on the heat treatments 
used, and Table VII shows the stabiliza- 
tion treatments applied to the alloys be- 


TABLE VI.—HEAT TREATMENTS APPLIED TO 
THE ALLOYS LISTED IN TABLES VIII AND 
IX AND REPRESENTED BY FIGS. 6 TO 10. 


Heat Solution Treatment | Aging Treatment 


6 Per Cent Macnesium ALLoy 


Composition, per cent 

3 13 
> a a 
6 Per Cent Macnestum ALLoy 

A-3991 |1.50'1 .06/6.02|0.08) 0.30'0.11!0.003/0.000s 

A-3992 0.30/0.10,0.004|0.0005 
1.50 0.99|5.54 <0.05 0.12'0.005|0.005 |. 
1. 0.97 0.08| 0.05/0.13 0.00410. 


veloped in England for elevated-tem- 
perature service. 


Comparison of the Tensile and Creep Prop- 
erties of 142 Alloy and the Experimental 
Alloy of Optimum Composition: 


The preceding investigation of experi- 
mental alloys indicated that the nom- 
inal composition of the best alloy tested 
was as follows: 


6 per cent 

. 1 per cent 

1.5 per cent 

0.1 per cent 
0.05-0.25 per cent 
0.08 per cent 
0.005 per cent 

... balance 


Aluminum (99. 5 per cent) 


In order to compare the tensile and 
creep properties of this alloy with 142 and 


with the data available in the literature 


3991 16 hr. at 810 F., None 
3992 quenched in cold wa- 
4208 ter 
4298 ° 

ALLoy No. 142 
3993 8 hr. at 960 F., quenched! 4 hr. at 400 F. 
3994 in water at 150 to 
4299 212 F. 


TABLE VII.—STABILIZATION TREATMENTS 
APPLIED TO ALLOYS LISTED IN TABLES 
VIII AND IX AND REPRESENTED 
BY FIGS. 6 TO 10. 


Properties Determined 


None Tensile properties at room tempera- 
ture 
72 hr. at 400 F. Tensile properties at room tempera- 
ture and 400 F. 
48 hr. at 500 F. Tensile properties at room tempera- 
ture and 400 F. 
48 hr. at 600 F. Tensile peopesties at room tempera- 


ture and 600 F. and creep tests on 
142 alloy at 600 F. 

Tensile properties at room tempera- 
ture and 600 F., creep at 600 F. 
Tensile properties at room tempera- 

ture and 600 F. 


24 hr. at 650 F. 
24 hr. at 700 F. 


fore testing at elevated temperature. The 
tensile properties at room temperature, 
400, and 600 F. are listed in Table VIII, 
and the creep data obtained at 600 F. 
are shown in Table IX. Figure 6 shows 
the time-deformation curves for the ex- 
perimental 6 per cent magnesium alloy, 
whereas Fig. 7 shows similar curves for 
Alcoa 142-T61 alloy. 
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Tensile Properties——Examination of 


_ the tensile data in Table VIII shows the 


following: 


1. The room-temperature tensile prop- 
erties of the heat-treated experimental 
aluminum-6 per cent magnesium alloy 
are improved by aging treatments of 72 


hr. at 400 F. The tensile properties at 


room temperature are not damaged, or 
possibly are slightly improved by sta- 
bilization treatments of 24 hr. at 650 F., 


EastTwoop, Hopce, AND 


mental aluminum-6 per cent magnesium 
alloy at 400 F. after stabilization for 48 
hr. at 500 F. averaged about as follows: 


Ultimate strength, psi.. 

Yield strength at 0.2 per ‘cent offset, psi... ... 
Elongation in 2 in. per cent 

Reduction in area, per cent 

In contrast to this, Alcoa 142 alloy given 
the same stabilization treatment pos- 


sessed the epi properties: 


Ultimate strength, ps 
Yield strength at 0. cent offset, psi 


TABLE IX.—CREEP AND STRESS RUPTURE DATA ON CENT MAGNESIUM 
ALUMINUM-BASE ALLOY AND 142 ALLOY AT 600 


Transition 
Test i 
to Third- 
Conditions | Stage Creep 


Elon: 


tion of Area 
at Rupture 


tion 


educ- Time, hr., for Deformation of 


Heat Treatment 
Temperature, 
deg. Fahr. 


Elongation, 
per cent 
Reduction of 


Area, per 


cent 


1300'0.000072! 0.000072! . 

1300/0.00003 | 0.00003 | 
2500 0.00022 | 0.00032 | 470 
$000,0.0048 |>0.030 | 125 


0.70 


6.4 


228 


° Heat treated 16 Ly at 810 F.; stabilized 24 hr. at t 650 F. before testing in creep at 600 F. 


> Heat treated 8 hr. at 960 F.; 


‘aged 4 hr. at 400 F.; stabilized 24 hr. at 650 F. before testing in creep at 600 F. 


; Heat treated 8 hr. at 960 F.; aged 4 hr. at 400 F.; stabilized 48 hr. at 600 F. before testing in creep at 600 F. 


4 See Table V for analysis. 
; Estimated values. 
Broke. 


of 38 hr. at 500 F., or of 24 hr. at 700 F. 

2. The room-temperature tensile prop- 
erties of 142-T61 are very adversely 
affected by stabilization treatment of 48 
hr. at 600 F., of 24 hr. at 650 F., or of 


24 hr. at 700 F. 


3. After stabilization at 600, 650, or 
the room-temperature tensile 
properties of the aluminum-6 per cent 
magnesium alloy are superior to those of 
142-T61 given a similar stabilization 


700 F., 


treatment. 


4. The tensile properties of the experi- 


Elongation in 2 in. per cent 
Reduction in area, per cent 
According to published accounts,* the 
tensile properties of stabilized 142 alloy 
at 400 F. are as follows: 
Ultimate strength, psi 
Yield strength at 0.2 per cent offset, psi 
Elongation in 2 in., per cent 
Obviously, the Alcoa 142 alloy was not 
completely stabilized prior to the tension 
test at 400 F. 

Tensile properties of both alloys at 
600 F. are comparable when they have 


26 300 
29 500 
| 
Pa Creep | F 
— Rate, | Greep — 
r | Rate, Test 
per cent | wate 
prbr.| | 3% 01 | 02 | OS | 10 | 2.0 
per | per | per | per | per 
r. vom, é 5 cent | cent | cent | cent | cent 
AtLoy4 
4208 1300/0.0000s | 0.00005]... |... |. .. |... | 5 | ors |... |... |... |... | 
1300|0.00007 | 0.00007 | | | 100 | 500 | 20004 1277 
4298 1300|0.00018 | 0.00018; |... | | 55 | 300 | 825 | 24008 1025 
2500/0.0015 |>0.0055 | 295 | 0.58| 3 | 15 | 55| 248| 455 | 738 | 
ALLoy No. 142-To1 
|... |... |... | 490 | 12008] | | 673 
| 460 | 1600° | 1270 
3993 | | 20 | 200 | | 2400° 1000 
3908 | 22 | 130 | 375 | 792 
| mm | | 88| 165 | mm | 282/ 
« 
‘afk 
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been given the incomplete stabilization 
treatment of 48 hr. at 600 F. The experi- 
mental alloy, however, has a considerably 
higher elongation value. 

6. When both alloys are given a more 
complete stabilization treatment of 24 
hr. at 650F., the experimental alum- 
inum-6 per cent magnesium alloy has 
1300 psi. greater ultimate strength and 
2500 psi. greater yield strength, with 
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because the limit of solid solubility of 
magnesium is near 6 per cent at 600 to 
650 F. 

Creep Properties—The creep data in 
Table [IX and the graphical representa- 
tion of the creep data in Figs. 8, 9, 10, 
and 11 show the following: 

1. The minimum creep rate obtained 
at a 1300 psi. load at 600 F. on both 
Alcoa 142 and the experimental alu- | 


COMPOSITION, PER CENT 


© CREEP DATA 
XO CREEP DATA (ESTIMATED) 
4 


Cu 1.5 
Mn 0.99 


TRANSITION TO THIRD 
STAGE CREEP 


Mg 5.54 
Ti 0.08 
Zr <0.05 


RUPTURE DATA 
BARS HEAT TREATED /6 HR. 
810 F, STABILIZED 24 HR. — 


B 0005 


AT 650 F. BEFORE CREEP 
Tests 


Be 0.005 


UPTURE 
96 % ELONGATION 
0.5% DEFORMATION 


1.0% DEFORMATION 


STRESS, PSI 
- 


DEFORMATION 


0.2% DEFORMATION ‘42.0% DEFORMATION 


6.5% ELONGATION 


0.1% 
| DEFORMATION 


Ol 10 


10 000 


10 100 1000 


TIME, HR 


Fic. 8.—Stress versus Time for Total Deformation Curves for Experimental 6 per cent Mg-Al Base 
Alloy at 600 F. 


higher elongation at 600F. After the 
more complete stabilization treatment 
of 24 hr. at 700 F., the aluminum-6 per 
cent magnesium alloy has about 4000 
psi. greater ultimate and yield strength 
and higher elongation than the 142 alloy 
at 600 F. 

7. It is evident that the superiority of 
the tensile properties of the aluminum- 
6 per cent magnesium alloy becomes more 
pronounced as the stabilization of the 
alloy at the test temperature becomes 
more complete. von is to be expected 


minum-6 per cent magnesium alloy are 
approximately the same. 

2. At higher stresses, the Alcoa 142 is 
superior to the experimental aluminum-6 
per cent magnesium alloy which, in turn, 
is superior to Alcoa 254. . 

3. As shown by Figs. 8, 9, and 10, for 
a total deformation of 0.5 per cent in 100 
hr., the alloys at 600 F. will sustain the 
following loads: 


Experimental aluminum-6 per cent magnesium al- 


000 


Easrwoon, HopGE, AND LoRIG 
yer: 


CREEP | 
COMPOSITION, PER CENT a CREEP DATA (ESTIMATED) 

Cu 387-40) TRANSITION TO THIRD 

Mn 0.02 STAGE CREEP 
—Mg 143-152 RUPTURE DATA 

Ti 008-0.09 HEAT TREATED 8 HR. 960 F, 
—Ni 1.79-2.27 _ QUENCHED IN HOT WATER, AGED 

4 HR. AT 400 F-BARS STABILIZED 

24 HR 650F OR 48HR 6O0F 
BEFORE TESTING IN CREEP 


10% DEFORMATION 
2% DEFORMATION 
6 | 
{ 


| ss O12 % 
DEFORMATION 


0.5% DEFORMATION | 


DEFORMATION 


w 
° 


° 


STRESS, PSI. 


0.05% 
DEFORMATION 


10 
TIME, HR 


iz Fic. 9.—Stress versus Time for Total Deformation Curves for 141 — T61 at 600 F. 


“ay 


HEAT TREATMENT - NONE 
BARS 
STABILIZED 20 HR. AT 
600 F. BEFORE TESTING 
© CREEP DATA 
© RUPTURE DATA 


|} COMPOSITION, PER CENT 
Si O19 

Fe 0.28 
Cu 0.37 
Mn 1.00 
Mg 5.96 
Ni 1.49 


0.2% DEFORMATION pies DEFORMATION 
0.1% DEFORMATION O% DEFORMATION 
t 
@ RUPTURE 


so 


STRESS, PSI 


10 10 100 1000 
TIME, HR. 


sus Time for Total Deformation for Alloy 254 ve 600 . 


See footnote 5 for reference. 
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SUMMARY unimportant. The creep properties of 


As a result of development work on the experimental alloy are better than 
casting alloys of aluminum containing those of previously known aluminum-6 
6 per cent magnesium, the following per cent magnesium alloys but somewhat 
composition was developed for castings inferior to 142 alloy. It is believed that 


at elevated-temperature service: additional improvement in the resistance 
Magnesium. ....... 6 per cent to creep of the aluminum-6 per cent 

magnesium alloys could be obtained. If 
Zirconium... O25 per cent were done, however, the load em- 
ployed in the creep test should be raised 
Aluminum (99.5 per cent)... balance fron 1300 psi. to 2500 psi. Under these 


This alloy has the advantages of not conditions, improvements in resistance 


10 000 


7 000 __*-142 ALLOY (SEE FIG 9 FOR COMPOSITION) | 7 
6 000 __9-6% Mg ALLOY (SEE FIG 8 FOR COMPOSITION) 
m 4-254 ALLOY- (SEE FIG. 10 FOR COMPOSITION) 
= 5 
4 000 = 
wf 
w 3 000 
2 000) 
x 
4 
1 000 
2 a 6 8 2 s 6 8 2 4 6 68 
0.0000! 0000! 0.001 fete) | 


CREEP RATE, PER CENT PER HR 


Fic. 11.—Stress versus Creep Rate Curves for Alloy 142 — T61 and 6 per cent Magnesium-Alum- 
inum Base Alloys at 600 F. 


See footnote 5 for reference. 


being seriously affected by stabilization to creep produced by changes in the 
at the temperature of test of 400 to 700 alloy composition: can be more readily 
F. As a result, its tensile properties at measured. 
600 F. are high after stabilization at the 
test temperature. In addition, its den- 
sity is low, its resistance to corrosion Phe nirge aoe acknowledge 
is excellent, and the machining charac- the “rT wt of the tional \dvisory 
Committee for Aeronautics who made 
teristics are satisfactory. On the other oe ee 
Ai this investigation possible and who 
hand, as compared with 142 alloy, the 
granted permission for its publication, 
xpe ntal alloy SO Wie 00 
poorer the assistance of H. C. Cross and Ward 
foundry characteristics. In addition, tS Simmons, who conducted the creep tests, 
thermal conductivity is substantially 


- and of Ray Kaiser and R. V. Whitten- 
lower, which probably limits its use to burg, who conducted much of the other 


applications where heat dissipation is laboratory work. 
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Mr. WatLrteER WEIL.'—I should like to 

_ know whether any figures are available 

- on the fatigue strength of these alumi- 

_ num-magnesium alloys at elevated tem- 
perature. 

Mr. L. W. Eastwoop (author).—In 

the work that I have reported, no data 


on fatigue were obtained. There are some 


data, however, on the effects of tempera- 


ture on the properties of aluminum-base 


a alloy s. The best assemblage of such data 


: is ina recent Rand Report R-104 obtaina- 
_ ble from the Rand Corp., Santa Monica, 


Calif. 


There is, in addition, a recent paper in 


_ the British Institute of Metals which 


considers the fatigue properties of some 
_ of the alloys of interest in England. 


Mr. J. T. RicHarps.*—Small beryl- 
_ lium additions are made to certain mag- 
_ nesium-bearing aluminum alloys to re- 
tard dross formation. Larger additions 
have been made on an experimental basis 
_in attempts to increase the hardness and 
- modulus of aluminum. In the investiga- 


_ tion reported, 0.005 per cent beryllium 
a was added to lessen the sand reaction in 


the mold. 


1 Cleveland, Ohio. 
2 Development Engineer, The Beryllium Corp., Read- 
ing, Pa 


Were any tests conducted to deter- 
mine the optimum beryllium content or 
was the 0.005 per cent addition arbitrarily 
selected? Was any work done on the 
hardening effect of small beryllium addi- 
tions? 

Mr. Eastwoop.—We used 0.005 per 
cent beryllium in the 6 per cent mag- 
nesium-aluminum base alloys in order to 
prevent sand reaction. We knew from 
previous experience that the 0.005 per 
cent beryllium was the correct amount. 
As far as I know, this amount of beryl- 
lium has no other effect upon the alloy. 

We tried beryllium in the 6 per cent 
cerium-magnesium base alloy. The liquid 
solubility of beryllium in alloys of this 
type is very low. Consequently, it is 
difficult to add. We obtained varying 
results with the beryllium, particularly 
on creep resistance. 

Higher amounts of beryllium in alumi- 
num produces higher modulus of elas- 
ticity. However, it is a linear effect, and, 
in order to obtain appreciable increases 
in modulus, it is necessary to use large 
amounts of beryllium. At 25 per cent 
beryllium, the modulus of elasticity is 
16 to 17 million psi. 


ISCUSSION 


TENSILE PROPERTIES OF SOME AIRCRAFT STRUCTURAL MATERIALS 
AT VARIOUS RATES OF LOADING* 


By RicHarp F. Kiincer! 


SYNOPSIS 


The effect of rate of loading in tension was determined at room tempera- 
ture on non-metallic and metallic aircraft structural materials. Stress-strain 
curves and ultimate strength values were obtained over the range of times to 
reach yield or ultimate strengths of 0.003 sec. to 2 hr., and rate of loading- 
strength relationships are presented. The results indicate a pronounced in- 
crease of ultimate and yield strength values with increased rate of loading for 
plastic materials such as polymethylmethacrylate cast sheet, cotton fabric 
base phenolic laminate, and glass fabric base polyester laminate. There was also 
a marked increase in initial modulus of elasticity with increase in rate of load- 
ing for the polymethylmethacrylate material. The test results for the metals, 
bare 24S-T and bare 75S-T aluminum alloys showed little change in yield 
strengths with respect to rate of loading. 


Z Many materials used in aircraft struc- 
- tures are subject to high rates of loading 
developed by high-speed maneuvers and 
sudden atmospheric changes (gusts) 
which rapidly produce high stresses of 
short duration. These loading times 
have been reported to be as short as 0.01 
sec. It is, therefore, desirable to have an 
understanding of the relationship be- 
tween rates of loading as encountered in 
aircraft and the stress-strain character- 
istics of the material. Therefore tension 
tests were conducted on three non- 
metallic and two metallic materials used 
in aircraft to determine the relationship 
of loading time to strength. 


MATERIALS 


The principal structural plastic ma- 
terials used in aircraft are (1) low-pres- 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950 


sure glass fabric base polyester laminates 
for radio and radar antenna housings, 
wing tips, ducts, etc., (2) polymethyl- 
methacrylate for canopies and other 
glazing purposes, and (3) postformed 
miscellaneous interior parts made from 
high-pressure cotton fabric base phenolic 
laminate post forming stock. Material 
representative of each of these was in- 
cluded in the project. 

The material consisted of the following 
sheets: § in. low-pressure-laminated glass 
fabric-polyester resin, } in. high-pressure- 
laminated cotton fabric phenol-formal- 
dehyde resin, } in. cast methylmeth- © 
acrylate and bare 0.064 in. 24S-T3 and 
75S-T6 aluminum alloys. 

The polymethyl methacrylate was 
transparent material conforming to 
Specification AN-P-44. The glass fabric 
base plastic laminate consisted of 13 


a plies of 181-114 satin weave fabric 


‘ ae 1 Wright-Patterson Air Force Base, Dayton, Ohio. 
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parallel laminated with a low-viscosity 
alkyd-styrene type polyester, Selectron 
5003. The resin was catalyzed by 1.6 
om cent by weight of Luperco ATC 
mixture of tricresyl phosphate and 
benzoyl peroxide (each 50 per cent by 
weight of the mixture) contining 3.30 
_ per cent active oxygen. The lay-up was 
made between cellophane covered glass 
plates. Immediately after impregnation 
and lay-up, the panel was curved at a 


pressure of 13 psi. for 1} hr. in an oven at 
265 F. Pressure was applied by an air- 
inflated rubber diaphragm located on 
_ the bottom plate of the press. The av- 
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pressing was between 4 and 5 per cent 
based on a drying temperature of 150 F. 
for approximately 12 min. The resin 
content of the finished laminate was 


approximately 50 per cent. 


Specimens of the material were as 
shown in Fig. 1. All specimens were cut 
and machined from the sheet in the di- 
rection of greater tensile strength. The 
width of the gage section of specimens of 
glass fabric laminate and methylmeth- 
acrylate sheets was 0.250 in. and that of 


PROCEDURE 
Plastic Materials: 


Methylmethacrylate 
Glass fabric laminate. 
Cotton fabric laminate 


Fic. 1.—Tension Specimen Used For Rapid Loading Tests of Plastics. 


Holes *4, in. in Diameter. 


erage resin content and specific gravity 


of the panel were 35 per cent and 1.89, 
respectively. 
The cotton fabric base phenolic plastic 


laminate was a typical aircraft post- 


forming stock, Formica Grade CJP-11. 


_ The fabric base had the following speci- 
- fications: weight 8.15 oz. per sq. yd.; 


moisture content, 6} per cent; crimp, 
warp—12 per cent, filling—9 per cent; 


yarn, warp—single yarn, filling—single 


yarn; count, warp—41 + 3 per cent, 
filling—37 per cent; staple, strict mid- 
dling grade—j}~ to 1 in. in length; 
tensile strength, 110 lb. per in. with 
15 per cent elongation at break, filling— 
105 lb. per in. with 15 per cent elongation 
at break tested by grab method. The 
resin was a modified phenolic bearing 
the Bakelite Manufacturing Co.’s No. 
17090. The material was cured at a 
temperature of 155C. and 110 psi. 
pressure. The volatile content before 


the cotton fabric laminate sheet was 
0.500 in. 

Tests were conducted in a Baldwin- 
Southwark universal testing machine 
and Tinius Olsen combination impact 
testing machine. By using the head 
motor in conjunction with the hydraulic 
loading system of the universal testing 
machine, tests of 0.3 sec. in duration, 
through yield strength, and longer were 
possible. The impact testing machine 
with special jig for tensile loading and 
rubber shock absorbers produced tests 
in the vicinity of 0.003 sec. in duration. 

Strains at normal speeds of loading 
were measured with a 2-in. gage length 
Tinius Olsen last word extensometer 
(0.0001 in. division). At higher loading 
speeds (0.003 to 300 sec. to yield 
strength) the Baldwin Southwark SR-4 
type A-17-2 electrical-resistance strain 
gage was used to indicate strain. This 
gage has a length of 1 in., a resistance of 


a 
0.29 ia. 
| 
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1020 ohms, a strain sensitivity of 2anda tension specimen which was riveted at _ 
measuring range of from 0 to 0.015 in. each end to aluminum alloy connecting | 
per in. As a load-indicating device the blocks. As indicated in the figure, 


| 
/2 
° | 
'/g D. Rivets 


B 
~ 6 For testing: A B Cc 


Fic. 2.—Dynamometer Used For Rapid Loading Tests. 
2 Holes in. in Diameter. 


OSCILLATOR | 


OSCILLOSCOPE 
> > 


TO VERTICAL 
DEFLECTING PLATES 


TO HORIZONTAL 
DEFLECTING PLATES 


D.C. AMPLIFIER 


0.C. AMPLIFIER 


STRAIN 
BRIDGE 
> 
8 


4 
4 
ied als 
ty 


Fic. 3.—Rapid Loading Electrical Recording System. bal » 


dynamometer shown in Fig. 2 was placed dynamometers of different cross-sections 
in series with the specimen. The dyna- were used for each material tested to 
mometer consisted of 24S-T aluminum develop maximum strains without ex- 
alloy sheet machined to the form of a ceeding the elastic limit of the ae T 


La) 
i 
1 
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* alloy when maximum specimen loads 


® 
Sr 


series. The gages of arm 1 were glued 


were applied. 

A diagram of the basic electrical re- 
cording circuits employed is given in 
Fig. 3. Each arm of the load- indicating 
bridge consists of two A-17-2 gages in 


side by side to one face of the dynamome- 
ter in the center of the gage section and 
the gages of arm 3 were glued similarly to 
the opposite face. The remaining gages in 


CAMERA OPENING 


AMPLIFIER / : 


BRIDGE CONTROL BOX- 


Fic. 4.—Apparatus for Rapid Loading Tension Tests. _ 


arms 2 and 4 were glued to a piece of 


js-in. sheet aluminum alloy for stability. 
The strain-indicating bridge contained 
one gage per arm, and the gages were 
applied in the same manner as those in 
the load-indicating bridge to the test 
specimens instead of the dynamometer. 
No precautions were taken to compen- 
sate for temperature changes during tests 
because test durations were short. 

All was with 


“Duco” cement (cellulose nitrate plus a 
solvent) in the manner recommended by 
the strain gage manufacturer and as 
recommended by Rosato (2)? for methyl- 
methacrylate sheet. In work at the Naval 
Air Material Center, Rosato found that 
careful application of the gages caused 
insignificant effects on the tensile prop- 
erties of acrylate sheet. This method 
involved spreading the cement only on 
the gage, then applying the gage to the 


specimen, and drying at room tempera- 
ture. Any specimens showing the slight- 
est sign of crazing were discarded, even 
though a small amount of crazing has 
negligible effect on tensile yield and 
ultimate strengths of acrylate sheet. In 
addition to the gages on the specimens, 
each bridge contained a balancing re- 
sistance, B, calibrating resistance, C, 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1050. 


- 


and switch, S, for introducing the cali- 
brating resistance. The bridges were 
powered by separate batteries and the 
unbalance of each bridge was passed 
through a direct current amplifier and 
then to an RCA Type 327-A cathode-ray 
oscilloscope. 
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a 9-in. diameter cathode-ray tube and 
provides a convenient method for — 
measuring d-c. voltages. To eliminate | 
most of the distortion caused by the 
curvature of the face of the tube, only © 
the center section of the tube was 
utilized. This provided a relatively flat 


SELF ALIGNING 
GRIP 


Fic. 5.—Specimen and Dynamometer Set-up in Universal] Testing Machine. 


_ The signal from the load-indicating 
bridge was impressed on the vertical 
deflecting plates of the oscilloscope and 
that from the strain indicating bridge on 
the horizontal deflecting plates. When 
load is applied. to the specimen and 
dynamometer, the signals from the two 
bridges are added to provide a trace of 
the regular load-strain curve on the 
oscilloscope tube. The oscilloscope has 


surface in the form of a square with 
4-in. sides. As a means of determining the 
test duration a Hewlett Packard Audio 
Oscillator Model 200B was inserted in the 
circuit of the oscilloscope which has 
provisions for modulation of its electron _ 
stream. 

The traces provided by the oscillo- 
scope were photographed using an 8 by 


10 in. view camera with an f2.5 lens 


i 
i 


| 
| 
its 
— 
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and Kodak Super XX and Tri X Pan- 


_ chromatic film. Photographs were taken 


a. 


in the dark by enclosing the space be- 
tween camera lens and_ oscilloscope 
screen in a cardboard tube with black- 
ened inner surfaces. Figure 4 gives a 
general view of the testing layout and 
Fig. 5, a view of specimen and dyna- 
mometer in the universal testing 
machine. 

The calibration of the strain-indicating 
bridge was accomplished in the follow- 
ing manner: A specimen, with SR-4 
gages attached and incorporated in the 
proper bridge, was placed in the uni- 
versal testing machine using self-align- 
ing grips without the dynamometer. 
A Tinius Olsen Last Word extensometer 
with 1-in. gage length and 0.0001-in. 
divisions was mounted on the edge of the 
specimen straddling the SR-4 strain 
gages. With the bridge balanced and 
equipment ready for operation, the 
calibrating resistance was switched into 
its arm of the bridge providing an un- 
balance and causing the dot on the 


screen to trace a horizontal path across 
the face of the tube which was photo- 


graphed. The dot was then moved ap- 
proximately } in. in the vertical direc- 


tion and, with the calibrating resistance 


indicated by the extensometer. 


out of the circuit, load applied to the 
specimen until a preassigned strain was 
The 
trace thus produced was also photo- 
graphed and the same procedure applied 
four times across the face of the tube. 
From the print of the film, the ratios of 
the traces were converted into an 
average strain value for the calibrating 
resistance. An average value of strain 


was used because the curvature of the 


tube produces a variation of approxi- 
mately 2 per cent in displacement for 
a given signal as the face of the tube is 
traversed. The calibration procedure 
was applied to several specimens of each 
material before assigning a value to the 


The calibration of the resistance in 
the load-indicating bridge was conducted 
in a similar manner except a fixed load, 
in the vicinity of the yield strength of 
the material for which the dynamometer 
was designed, was applied to the dyna- 
mometer in place of a given strain to the 
specimen. A series of displacement lines 
were photographed as for the strain 
calibration, and from the ratios of the 
resistance and dynamometer load dis- 
placements a load value was calculated 
for the calibrating resistance. 

The sequence of operations for a test 
using electrical strain gages and oscillo- 
scope is as follows: The specimen and 
dynamometer are connected in series by 
a 4-in. bolt and the assembly inserted in 
one of the two testing machines by 
means of yokes and 3 in. bolts. With the 
camera shutter open, switch S of the 
load bridge (Fig. 3) is closed, the shutter 
closed and then the switch opened. This 
action produces the vertical or load 
calibration line and the same procedure 
using the strain bridge provides the 
horizontal or strain calibration line. 

A rate of loading is determined and the 
oscillator set at a frequency to give an 
appropriate number of interruptions in 
the diagonal trace. The dot is then 
located at the proper corner of the oscil- 
loscope screen, and, with both calibrating 
switches and camera shutter open, the 
load is applied at the predetermined rate 
and, after failure of the specimen, the 
shutter closed. The yield strength is 
determined from the print of each test 
being taken at 0.01 in. per in. total 
strain for specimens of cotton fabric 
laminate and glass fabric laminate and 
0.015 in. per in. total strain for methyl- 
methacrylate specimens. Because the 
initial straight-line portion of the stress- 
strain curves of the plastic materials 
tested formed such a relatively small 
portion of the entire curve to the yield 
strength, it was difficult to definitely 
and accurately locate the initial line on 
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Time to yield strength—0.63 sec. eed 4 
Yield strength—1080 psi. 
Frequency—30 cps. 
Calibration—515 Ib., 0.002 in. per in. 
Gage section—0.122 by 0.402 in. 
Fic. 6.—Load-Strain Curve of Cotton Fabr 


Laminate. 


Specimen No. 28 ( 
_ Yield strength—35,600 psi. Gage section—0.129 by 0.256 
In. 
Specimen No. 27 (right). Time to tensile strength 0.53 


sec. 
Ultimate strength—68,500 psi. Gage section—0.120 by 
0.254 in. 
Frequency—30 cps. Calibration 1209 Ib., 0.0068 in. per in. 
Fic. 7.—Load-Strain Curve and_ Tensile 
Strength Test of Glass Fabric Laminate. 


1041 


the individual relatively small oscillo- 
scope records even though the slopes 
(moduli of elasticity) could be deter- 
mined with fair accuracy. This rendered 
the determination of offset yield strength 

bject to excessive scatter. Therefore, 


total strain was used to define the yield 
r the yield atnaneth 


Ultimate strength—12,600 psi. Gage section —0.120 by 
ad 20 (right)—Time to ultimate strength 0.88 
‘Ultimate strength—12,200 psi. Gage section 0.125 by 
Teenenns 40 cps. Calibration 515 lb. 


Fic. 8.—Tensile Strength Test of Cotton 
Fabric Laminate. 
f the cotton fabric laminate was also 
alculated at 0.2 per cent offset from the 
modulus line because considerably less 
catter was obtained for offset yield 
trength of this material. 

Since the strain range of the electrical 
strain gages is not great enough to allow 
the recording of the ultimate strength, 
additional specimens were required for 
these tests at the higher loading speeds. 
Ultimate strength specimens, free of 
gages, were placed in series with the 
dynamometer and tested in the same 
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Lood Measuring 
Gages 
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Fic. 9.—Tension Test Specimen Used for Rapid Loading Tests of Aluminum Alloys. 


TABLE I.—YIELD AND ULTIMATE STRENGTHS 
OF 24S-T3 ALUMINUM ALLOY SHEET® AS DE- 
TERMINED SIMULTANEOUSLY FROM SAME 

SPECIMEN WITH OLSEN AND A\I7-2 SR-4 
STRAIN GAGES WITH STATIC LOADING. 


Oscilloscope Record 
Olsen Strain 


Gage 


A17-2 SR-4 Strain Gage 


Machine Beam 
Calibration | Calibration 


cent Offset, psi. 
Offset, psi. 
Yield Strength, 
0.2 per cent 
__ Offset, psi. 


0.2 per cent 


| Yield Strength, 0.2 per 
psi. 


| Tensile Strength, psi. 


Yield Strength, 


=S8 


52 
. 
-|46 

46 


sO 


82 8288 


w 


& 


& 


“S28 


SF SIF Sli SSKS | Tensile strength 


“BSE “SS “SESE 


T—Specimen taken in transverse direction. 
L—Specimen taken in longitudinal direction. 
* 0.064 in. bare sheet. 

» No data collected. 

© Photograph distorted. 


manner as other specimens. The trace 
resulting is a straight vertical line 
proportional to the load applied to the 
dynamometer. The duration is taken as 
the reciprocal of the oscillator frequency 
times the number of dots to the yield or 
ultimate strength. Figures 6 through 8 
present typical traces obtained at vari- 


ous loading speeds. 
Aluminum Alloys: 


Specimens of 75S-T and 24S-T 
aluminum alloys as shown in Fig. 9 


were tested in the universal testing 
machine to determine the accuracy of the 
electrical gage—oscilloscope set-up. The 
lengthened grip section of the specimen 
acted as a dynamometer with gages 
glued to each side of the specimen as in- 
dicated in the figure. For the more rapid 
loading rates in the universal testing 
machine and impact machine, specimens 
as given in Fig. 9 but modified to provide 
for a 3-in. diameter hole at each end were 
connected in series with the dynamome- 
ter shown in Fig. 2. 

The test procedures for the metals were 
similar to those employed in testing the 
plastic materials with the exception of 
the method of calibration. A cantilever 
beam served as a means of calibration 
replacing the calibrating resistance of 
each bridge. The beam was made of 
75S-T aluminum alloy 12 by 1 by 
7s in. and was provided with a hand 
lever at its free end to give a set de- 
flection when desired. Gages of arms 
6 and 8 (Fig. 3) were mounted side by 
side 9 in. from the free end of the beam 
for strain calibration and gages of arms 
1 and 3, 7 in. from the free end for load 
calibration. 

Tests were conducted to compare re- 
sults as obtained with electric strain 
gages and Olsen Last Word extenso- 
meter. A 1-in. gage length Olsen gage 
(0.0001 in. per in. per division) was 
mounted on the edge of the specimen 
(Fig. 12) straddling the A- 17-2 gages 
and readings were taken simultaneously 
with the recording of the electric strain 
gage data. Results of these tests are 
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No. 3L.. 
No. 4L 
No. 8T..... 
No. 10T..... 
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No. 1 
| 
a4 
‘ 
> 


KLINGER ON AIRCRAFT 
given in Table I. Basing the calculations 
on the Olsen gage data, the yield and 
ultimate strengths as determined from 
the A-17-2 gages and _ oscilloscope 
records were in error approximately 
2.5 per cent. 

Tests of the aluminum alloys at 
greater rates of loading were conducted 
in a Baldwin Southwark universal testing 


Tes »n—about 5 n 
A—Dis, acements made ~ reloading specimen 
B— —Displacements made by bending ey ng beam 
ensile 
Strength, Strength, 
Olsen Gage Test Results psi. psi. 


Results using Beam Calibration... 46 200 67 000 
Results using Preload Calibration. 46 100 68 000 


Fic. 10.—Calibration Test of 24S-T Aluminum 
Alloy Sheet Specimen. 
machine and a Tinus Olsen Change- 
O-Matic impact testing machine. Type 
C-1 SR-4 strain gages were used in place 
of the A-17-2 type in these tests, but the 
electrical system remained basically the 
same. Typical records of tests at dif- 
ferent loading rates are shown in Figs. 
10 and 11. The yield strengths were cal- 
culated with a 0.20 per cent offset. 


DISCUSSION 


The results of all tests of non-metallic 
materials are provided in Tables II, 
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III, and IV. The yield strengths were 


calculated on the basis of a total strain 5 


which is approximately equal to the 
average total strain at the yield strength 


as obtained by the 0.2 per cent offset — 


method with normal static loading. The 
use of total strain to define the yield 
strength eliminated scatter arising from 
locating the short initial straight portion 


Frequency of dashes—30 per sec. 

Horizontal line represents 0.00204 in. per in. strain 
Vertical line represents 570 Ib. 

Specimen gage section 0.066 by 0.500 in. 


Fic. 11.—Rapid Loading Properties of 75S-T 
uminum Alloy Sheet. 


of the load-strain curve as a basis for the 
usual offset calculation as explained 
above. The relationship between the two 
types of yield calculations is shown in the 
data given for the cotton fabric laminate 
which was found more suitable for off- 
set yield calculations, because of less 
scatter being obtained using the offset 
procedure than for the other materials. 
The average yield strength as calculated 
with a 0.2 per cent offset increased 80 
per cent over the time to yield strength 
range of 2 hr. to 0.005 sec. and but 45 
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per cent when calculated using a total 
strain of 0.01 in. per in. 

The considerably smaller increase in 
yield strength obtained in the latter 
method of calculation is demonstrated in 
Fig. 12. Curve A in the figure represents 


TABLE II—TENSILE PROPERTIES OF COTTON 
FABRIC—PHENOL FORMALDEHYDE LAML- 
NATE AT VARIOUS at OF LOADING 

SHE 


Yield Strength, 


Time to | 
Yield 
ength 


Time to 

Tensile 

Strength, 
sec. 


Specimen 


ensile Setrength, 


psi. 


a static test and (a) the offset yield 
strength of a given material. Curve B 
is the stress-strain curve of the same 
Material but at a higher rate of loading. 
Ifa total strain equal to that present at 
the offset yield strength of the static test 
is used to define the yield strength, a 
lower value (b) of stress is obtained 


STRUCTURAL MATERIALS 


relative to the value (c) which would be 
the yield strength as calculated by the 
offset method. This example assumed a 
constant modulus while the plastic ma- 
terials tested, in general, showed an 
increase in modulus with higher loading 
rates. However, the increase in modulus 
was not great enough to overcome the 
lowering of the yield strength obtained 


TABLE III. Hy, PROPERTIES OF METHYL- 
METHACRYLATE AT VARIOUS RATES 
OF LOADING (4-IN. SHEET). 


Yield 


| | Strength 
Strength, a er Strength, in. per in. 


sec. sec. Strain, 


by the total strain method of calculation, 
and, therefore, a smaller increase in yield 
strength with increasing loading rates 
results. 

The relationship between time and 
strength of the plastic materials is shown 
in Figs. 13, 14, and 15. 

The yield and ultimate strengths of the 
cotton fabric laminate increase with 
loading speed, and when plotted against 
the logarithm of time approaches a 
straight-line relationship in the time 
range of from 4 min. to 0.005 sec. 
Slower loading speeds of 2 hr. produced 


~ 
fiset 
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N {9600 70 |g100 6850 | 7800 
N - 30 |4800 7580 | 8700 
fw N .| 380 11 600 | 300 6880 | 7600 — " 
aes N 340 | 11230 | 270 7470 | 7700 No. 1.......| 8500 6350 | 6600 4 380 
i N .| 310 10 820 | 270 7380 | 8000 No. 2.......| 7200 6630 | 4200 | 4550 
; ae N .| 340 11 480 | 240 7750 | 8 300 No. 3.....:.| 430 | 8300 | 330 5 570 
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No. 13....| 5.3 | 11.900 No. 10.......| 3 9980 | 
No. 14....| 7.0 | 11700 | 2.0 6 360 
No. 15.... 6.1 8670 | 8770 i ee 2.9 | 9970 
_ No. 16....| 6.4 | 11000 | No. 13....... 1.0 6 650 
3 No. 18....| 6.7 | 11.700 No. 15....... 0.25 | 7230 
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no change in either yield or ultimate 
strength with respect to values obtained 
in 4-min. loading times. The increase in 
the ultimate strength over the complete 
time range was 30 per cent and 45 per 
cent for the yield strength. 

TABLE IV.--TENSILE PROPERTIES OF G 


LASS 
FABRIC POLYESTER LAMINATE AT VARIOUS 
RATES OF LOADING (-IN. SHEET). 


| Time to 


| Tensile 
Specimen | Strength, 


sec. 


Time to 
Yield 
Strength, 
sec. 


Strain, psi. 


at 0.01 in. per 


Tensile Strength, 
psi. 


eee 
888 2 


58 
58 
56 
60 


500 
000 
600 
800 
64 300 
68 500 
800 
400 
500 
900 


28 


na 
Nw 


0.0028 


0.0030 | 
0.0026 


The yield strength of the methyl- 
methacrylate increased 95 per cent and 
its ultimate strength 100 per cent over 
the complete time range. The increase in 
ultimate strength was approximately 
linear with the logarithm of time but 
the yield strength curve was divided into 
three sections. Between 1 sec. and 0.005 
sec. and from 2 hr. to 5 min. the yield 
strength changed rapidly while the re- 


mainder of the curve from 5 min. to1 
sec. was practically without slope. 

The glass fabric laminate was affected _ 
least by the rate of loading. The yield 
strength increased gradually over the _ 
time range for a 15 per cent gain. The - 
behavior of the ultimate strength was 
somewhat erratic, dropping from an 
average of 54,000 psi. to 45,000 psi. in 
the time range from 5 min. to 2 hr. and 
having a wide scatter of from 61,000 
psi. to 74,000 psi. in loading times of 
0.5 to 1 sec. The remainder of the data 


STRESS 


OFFSET 
Fic. 12.—Difference in Yield Strength as Com- afb 


ss puted by Offset and Fixed Total 
Strain Methods. 


STRAIN 


4 


from 5 min. to 0.005 sec. indicated an 
increase in ultimate strength of 10 per 
cent. The sudden changes in ultimate 
strength with speed of loading might 


which is composed of materials of widely — 
varying properties. Since the glass offers — 
very little opportunity for impregnation 
by the resin, it is possible the individual © 
materials each have predominant effect _ 


action is emphasized at different loading 
speeds. 
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Fic. 13.—Stress versus Time—Glass Fabric Laminate. — =) 
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Fic. 14.—Stress versus Time—Cotton Fabric Laminate. 


80 000 


00 


ON AIRCRAFT STRUCTURAL MATERIALS 
a ++ ==: 
10000 ve 2Ultimate Strength 
= 
+H 
tt T 
8 000 
6 000 rield Strength 
+ + tf 
0.001 0.01 0.1 0.1 10 100 1000 
Time to Uitimate or Yield Strength, sec. 
Fic. 15.—Stress versus Time—Methyl-methacrylate. = 
40000 
« 
0.003 Sec. to Yield a. 
35 000 Tensile Strength 
62000 PSI. VA 
3 Sec.to Yield 
30 000 Tensile Strength~ 
58000 PSI. = 
| 
3 Min, to Yield 
25 000 Tensile Strength 4 
54000 PSI. 
20 000 — 


15000 


. 


Showing Yield Strengths ot — 
0.0/0 in. per in. Total Strain 


0.002 0004 0006 0.008 


Strain, in. per in 


0.01 


Fic. 16. ila Stress-Strain Curves of Glass Fabric Base Polyester Laminate at Different weaned 


Rates. 
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The influence of rate of loading on the 
stress-strain curves of the non-metallic 
materials is represented by the typical 
curves at various rates of, loading in 
Fig. 16, 17 and 18. These families of 
curves indicate that the glass fabric 
laminate is least affected by loading rate 
having a relatively constant modulus. 
All of the materials retain their char- 
acteristic stress-strain curves, but the 
cotton fabric laminate and methyl- 
methacrylate curves are influenced, in 
their entirety, by the rate of loading, 
each developing greater moduli with 
increasing loading rates. The initial 
modulus of elasticity of the cotton fabric 
laminate increased approximately 20 per 


TABLE V.—YIELD STRENGTH OF ALUMINUM 


ALLOY SHEET AT VARIOUS RATES OF 
LOADING. 


Oscilloscope Record 
From C-1 SR-4 Strain 
Gage 


Olsen 
Strain 
Gage 


Yield 
Strength, 
0.2 per cent 
offset, psi. 


Yield 
Strength, 
0.2 per cent 
offset, psi. 


47 800 
52 500 
72 200 


| 76000 


* 0.064 in. bare sheet. 

6 To yield strength. 

© Static Loadi 

Note.—All specimens taken in longitudinal direction. 


cent over the time range of 2 hr. to 0.005 
sec. and that of the polymethylmetha- 
crylate about 100 per cent for the same 
time range. There was no significant 
increase in initial modulus of elasticity 
over the range tested for the glass fabric — 
base laminates. The more pronounced 
increase of modulus with loading rate of © 
the latter material is explained by the 
plastoelastic behavior of the linear 
polymer, which provides a gradual flow 
of material at slow loading rates and a 
combination of viscous and elastic re- 
actions at rates of loading 


(7). The relationship between the cur- 
vature of the stress-strain curve and its 
sensitivity to loading rate is shown by the 
typical curves. Both the cotton fabric 
laminate and methylmethacrylate stress- _ 
strain diagrams have considerable cur- 
vature, and each is greatly affected by 
rate of loading while the glass laminate 
stress-strain curve is relatively straight _ 
and, as expected from its shape, is only 
slightly affected by rate of loading, m 
The manner in which the yield 
strengths of 75S-T and 24S-T vary with 
rate of loading is indicated in Table 
V. Low stress values, obtained with 
SR-4 gages Type C-1, relative to control 
tests made with standard strain gages 
were obtained in these tests, probably 
because of an unbalanced bridge neces- 
sitated by a shortage of gages at the 
time, but the error was believed con- 
stant, so that relative effects of the 
speeds used are correct. The yield 
strength of the 75S-T aluminum alloy 
increased about 5 per cent over the 
loading time range of 0.90 sec. to 0.006 
sec. and that for the 24S-T alloy 9 per 
cent over the loading time range of 
0.62 sec. to 0.003 sec. No further tests 
were made on the aluminum alloys 
because of the small effect of rate of 
loading. Tests results on aluminum 
alloys and three steels are given in 
a paper by Clark and Wood (1) and also 
indicate no appreciable speed effect on 
aluminum alloys. Also additional infor- 
mation regarding tension impact tests of 
metals is given in previous papers (2, 3, 


4, and 5). 


Over the range of rates of loading 
investigated, the plastic materials ex- 
hibited the following changes in proper- 
ties. 

1. The yield strength, ultimate 
strength, and manele of elasticity of the 


4 
4 
Alloy* 
Tim: 
| sec. 
US-T3...........| _ 0.62 
24S-T3...........| 200 
0.003 52 600° 
0.9 
77 300° 
= 


methyl methacrylate each increased ap- 
proximately 100 per cent. 

2. The yield strength, ultimate 
strength, and modulus of elasticity of the 
cotton fabric laminate increased 45 per 
cent, 30 per cent, and 20 per cent re- 
spectively. 

3. The yield strength and ultimate 
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Mr. D. S. CLark! (presented in written 
form).—This investigation is of interest 
to those concerned with the properties 
of materials under conditions of dynamic 
loading, and of particular interest to 
those concerned with the properties of 
plastics. 

The author states that his results on 
24S-T and 75S-T aluminum alloys con- 
firm the findings of Clark and Wood.? In 
comparing these results, it should be 
pointed out that the author’s method of 
testing differs from that of Clark and 
Wood. Mr. Klinger’s test involves the 
continuous application of load up to fail- 
ure, while that of Clark and Wood in- 
volves the application of a specified load 
applied at a specified rate. Furthermore, 
the latter tests do not carry the speci- 
mens to failure. The time required to 
initiate plastic deformation is taken as 
the time interval beginning at the instant 
the constant stress is attained and ending 
when plastic strain begins. The agree- 
ment between the two tests in the case 
of the two aluminum alloys is good be- 
cause of the properties of the material. 
However, it is expected that agreement 
might not be satisfactory with some ma- 
terials such as an annealed low-carbon 
steel in which a definite yield point 
occurs. 

The curves in Figs. 13, 14, and 15 are 
of an entirely different type than those 
reported by Clark and Wood and should 
not be confused. 

These comments are not intended to 


1 Associate Professor of Mechanical Engineering, Cali- 
fornia Institute of Technology, Pasadena, Calif. 

2D. S. Clark and D. S. Wood, ‘‘The Time Delay for the 
Initiation of Plastic Deformation at Rapidly — Con- 
stant Stress,”” Proceedings, Am. Soc. Testing Mats., Vol. 
49, p. 717 (1949). 


detract from the work of Mr. Klinger 
but merely to point out a difference in 
the type of tests which lead to curves 
having similar appearance but with an 
entirely different meaning. 

Mr. D. A. SHtnn® (presented paper for 
author) —I might say to Professor Clark 
for clarification, that the comparison 
made was based on the derivation of 
stress-strain curves from Professor 
Clark’s stress-time and load-time curves, 
rather than on his delay time curves. 

Mr. S. A. Gorpon.*—Several years 
ago I ran some tests similar to the ones 
discussed by the author, right through 
to failure. I can confirm his opinion, at 
least that there is no increase in yield 
strength, and none in the ultimate 
strength, with rates of loading down to 
about 0.35 both 24S-T and 75S-T. 

Mr. J. C. to 
Mr. Klinger’s introduction it would be ie 
“desirable to have an understanding of 
the relationship between rates of loading 
as encountered in aircraft and the stress- ’ 
strain characteristics of the material.” 
This is a very desirable motive but a> 
number of authors have already shown al 
that tensile strength of aluminum alloys 
is relatively unaffected by large increases 
of straining speed. Owing to the high 
ratio of 0.2 per cent offset yield strength 
to tensile strength for the alloys tested 
it can also be concluded that the yield 
strength is insensitive to changes in — 
strain rates. 

A strength property which might be 


Patterson Air Force Base, Dayton, Ohio. 

4 Chief Structural Test Engineer, The Glenn L, Martin 
Co., Baltimore, Md. 

§ Assistant Director of Research, Aluminium Labora- 


3 Materials Engineer, Air Materiel Command, 
tories, Limited, Kingston, Ontario, Canada. 1) 


appreciably influenced by speed of load- 
ing, namely, the proportional limit, ap- 
pears to have been given no considera- 
tion. It is true that it is difficult to 
measure accurately and is relatively 
little used in design. On the other hand, 
the stress-strain curve shown in Fig. 11 
of the paper offers proof that it has been 
affected and that it might also be meas- 
ured. The sharp “knee” of this curve is 
not typical for normal 75S-T sheet and 
could be explained by an increase in the 
proportional limit. 

Examination of a number of curves 
obtained in this laboratory leads us to 
believe that, although 75S-T has a rela- 
tively sharply breaking curve, only un- 
der special circumstances would it corre- 
spond to the one shown. 

It is possible that the limitations of 
the instructions covering the testing pro- 
gram were such that the 0.2 per cent 
yield strength was of specific interest. 
On the other hand, although the propor- 
tional limit is difficult to measure and its 
use is limited as far as normal design is 
concerned, it is one property which 
might be expected to change appreciably 
with an increase in the rate of loading. 
Under such tests as the author made, it 
is unfortunate that it was not also given 
some thought in planning the work. 

Mr. Sainn.—To answer the ques- 
tion about Fig. 11, first I would say 
that was a fairly normal curve for an 
aluminum alloy. 

To get back to the reason for the tests, 
an aircraft designer is very much inter- 
ested in adding as much data as possible 
on stress strain under many conditions, 
in order that he can utilize all the infor- 
mation he can possibly obtain to design 
the’best possible and the lightest possible 
aircraft. 

The purpose of the test was to obtain 


this stress-strain data for him rather 


than any anticipation that we would 
find any particularly large increase in 
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the yield strength. It is the same sort of 
reason for which you would obtain stress- 
strain curves at various temperatures. 

Messrs. STEVEN YURENKA® AND AL- 
BERT G. H. Dietz’ (by letter)——In the 
plastics laboratory at the Massachu- 
setts Institute of Technology we have 
tested polymethylmethacrylate at various 
constant rates of strain and constant 
rates of load and have also verified that 
the strength of this material is as sensi- 
tive to loading rates as given by the 
author in Table ITI and in Figs. 15 and 
17. Although over a smaller range of 
times to reach ultimate strength; that 
is, from 0.5 to 1000 sec., near straight- 
line relationships between time and 
strength of polymethyl! methacrylate simi- 
lar to those of Fig. 15 were also obtained. 

With regard to crazing of test speci- 
mens when “Duco” cement was used to 
glue strain gages to polymethylmetha- 
crylate, we have found, after trying a 
large number of cements, that for paper- 
backed gages 10 per cent carbon tetra- 
chloride, 90 per cent solution of 10 per 
cent polymer in monomer catalyzed with 
0.5 per cent benzoyl peroxide yielded 
good bonds without crazing. 

Although, as the author pointed out, 
no precautions were taken to compen- 
sate for temperature changes during 
tests because test durations were short, 
would it not have been better to account 
for the effect of these changes between 
calibration and actual testing? 

Instead of using an average value of 
strain for the calibrating resistance be- 
cause of the curvature of the tube which 
produces a 22 per cent variation in dis- 
placement for a given signal, it is possible 
to correct this situation by a simple 
electrical device. If a stepwise calibrat- 
ing signal to provide x and y coordinates 

® Research Associate, Plastics Laboratory, Department 
of Building Engineering and Construction, Massachusetts 
Institute of Technology, Cambridge, Mass. 

7 Professor, Department of Building Engineering and 


Construction, Director, Plastics Laboratory, Massachu- 
setts Institute of Technology, Cambridge, } ass. 
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is introduced in a manner similar to that 
in which data are fed to the recorder, 
the optical (photographic) errors as well 
as electrical errors in linearity can be 
compensated. 

A horizontal, x, sweep can be provided 
while vertical y steps are taking place so 
that a series of 20 horizontal, x, lines, 
spaced linearly by the calibrator in a 
vertical, y, direction appear on the 
cathode ray tube. A similar vertical, y, 
sweep is applied while calibrating hori- 
zontally, x. This grid is photographed 
first and then the test started with the 
dot located at the proper corner of the 
oscilloscope screen. Since the curvature 
of the tube produces the same variation 
in grid lines and test lines alike, non- 
linearities from this effect are thereby 
avoided. 

Mr. R. F. (author’s closure). 
—The author wishes to thank Messers. 
Clark, Gordan, Millson, Yurenka and 
Dietz for the discussions and suggestions 
presented. 

Mr. Shinn has satisfactorily clarified 
the points of question brought out by 
Clark and Millson. A study of the pro- 
portional limit as stressed by Mr. Mill- 
son would necessitate an expansion of 
that particular section of the stress- 
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strain curve and, of course, eliminate for 
study the remainder of the stress-strain — 
relations at other stages. 7 
It is gratifying to find partial substan- 
tiation of results as provided by Yurenka 
and Dietz inasmuch as the strength of 
the polymethylmethacrylate appeared to 
be so drastically dependent onthe rateof 
straining. In answer to the question of 
variation of calibration with temperature © 
change, it can be said that within the pre- | 
cision of the test method the calibration © 
did not change over a period of days as — 
evidenced by periodic recalibrations. As 
during the loading, the time between 
placement of the calibration lines and 
application of load was relatively short, 
thus, preventing temperature changes of 
importance. The method of calibration — 
as suggested by Yurenka and Dietz 
would have been quite helpful by elim- 
inating the errors as specified. The orig- 
inal intention was, of course, to main- 
tain the equipment and indications as 
simple and direct as possible, thereby 
eliminating any errors which might be 
induced by the personal analysis of a 
more complex system. The calibration © 
method used provided satisfactory corre- _ 
lation with a standard measurement 
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COMBINED TENSION-TORSION 


CREEP-TIME RELATIONS FOR 


ALUMINUM ALLOY 28S-0* 
By JosepH J. H. Fauper?, anp L. W. 


SYNOPSIS 


ine 


Many machine and miei parts are subjected to creep and a combined 
state of stress. Most experimental investigations on the creep properties of 
materials, however, have been made under conditions of simple stress. There 
have been only a few investigations reported on the creep-time relations of 
materials subjected to combined stresses (1, 2, 3, 4).4 This paper gives the 
results of an investigation on the combined stress creep properties of Alcoa 2S- 
O. Combined states of stress were produced by subjecting thin-walled tubular 
specimens of circular cross-section to various combinations of axial tension 
and torsion. The minimum constant creep rates for various values of the 
stresses and for ratios of the biaxial principal stress from 0 to —1.0 were 
found to be in approximate agreement with values predicted theoretically 


using simple tension creep test results. 


COMBINED ‘TENSION-TORSION CREEP 


RESULTS 
Material Tested: 


The material tested was an aluminum 
alloy 2S-O. This material is commerci- 
ally pure aluminum in the fully annealed 
condition. The material was supplied 
in tubular extruded form in lengths of 
16 ft., with an internal diameter of 1 in. 
and a wall thickness of } in. The me- 
chanical properties of the material, as 
supplied by the Aluminum Company of 
America, are as follows: tensile strength 
= 13,000 psi., yield strength (0.2 per 
cent offset) 5000 psi., modulus of 
elasticity = 10 X 10° psi., elongation 
in 2in. = 35 to 45 per cent, and Poisson’s 
ratio = 0.33. 


* Presented at the Fifty-third Annual Meeting of 
the Society, June 26-30, 1950. 

Professor of The Pennsyl- 
vania State College, State College, P 

2 Research Engineer, Materials a Construction Sec- 
tion, E. I. du Pont de Nemours and Co., Inc., Wilmington, 
oe. Formerly Research Assistant and du Pont Fellow in 

ineering Mechanics at The Pennsylvania State 

3 Research Assistant, The Pennsylvania State College, 
State College, Pa. 

« The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1070. 


The biaxial stress specimens were ma- 
chined to the dimensions shown in Fig. 
1. The specimen used had an over-all 
length of 7 in. with an intermediate 
length of 3.75 in. of reduced wall thick- 
ness equal to approximately 0.10 in. 
The wall thickness was determined at 
48 places on each specimen to 0.0001 in. 
by using the wall measuring equipment 
described by Marin ef al. (5). The wall 
thickness - diameter ratio for the speci- 
mens was approximately 1:10 so that 
the biaxial stresses throughout the wall 
were essentially constant. A smaller 
wall thickness ratio could not be used 
since it was found by test that failures 
by buckling would occur. 


Test Specimen: 


Testing Machine: 


A new type of combined tension-tor- 
sion machine was designed and con- 
structed for this project. In this machine 
(Fig. 2), a tubular specimen, S, can be 
subjected simultaneously to tension and 
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Fic. 2.—Combined Tension-Torsion Creep Machine. 
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Fic. 1.—Combined Tension-Torsion Specimen. 
= 
d 
; 
g 
az 


1056 Marin, FAUPEL, AND Hu 
torsional loads. The axial tensile load is The torsion load is applied by cables, 
applied by a lever, L, to which weights W, attached to the torsion disk, D. 

are attached as shown in Fig. 2. The Weights applied to the cable bar, M, 


| 


4 


_ Fic. 3.—Strain Gage for Measuring Axial Strain and Angle of Twist. 


lever ratio for the tensile load is 40:1. which is attached to the cables, W, 
After a predetermined tensile load is applying the torsion loads to the disk, D. 
applied to the end of lever, 1, the lever The torsion disk is attached to the 
is adjusted to a horizontal position by specimen, S. As the specimen twists 
_ turning a compensator and by the use through large angles the cables unwind 
of a level bulb, B, mounted on the top around the disk and the weights on the 


of the lever. torsion pan, 7, are lowered. A regulating 
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bar, B’, on top of the machine is used to 
turn the specimen and thereby raise the 
weights and pan. 
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of twist could be measured by preventing 
the rings from slipping relative to the 
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4.—Creep-Time Relations for Simple Tension Tests. 


Measurement of Sirains: 
A special strain gage (Fig. 3) was de- 


signed and constructed for measuring 
large axial strains and angles of twist. 
The axial tensile strains were measured 
W, over a 2-in. gage length by two 0.0001- 
oo in. dial gages placed 180 deg. apart as 
the shown in Fig. 3. The angles of twist 
ists were measured directly as shown in Fig. 
rind 3 for a 2-in. gage length and to the near- 


est 3 deg. Large axial strains and angles 


three radial rods with concealed ends at- 
tached to the rings and preloaded with 
helical springs. The preload in the springs 
is maintained throughout the test as the 
specimen diameter decreases due to the 
axial tensile loads. 


Test Procedure: 


For a selected ratio of the nominal 
principal stresses, the required values of 
the axial tensile load and torque load 
were calculated. The tensile load was 
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Fic. 6.—Creep-Time Relations for Combined Tension-Torsion Tests (Axial Strain). Stress Ratio: 
o2/o, = —0.66. 
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Fic, 8.—Creep-Time Relations for Combined Tension-Torsion Tests (Shear Strains). Stress Ratio: 
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| then first applied followed immediately 


by the torque load. Axial strain and 
angle of twist readings were then re- 
corded for predetermined intervals of 
time up to 100 hr. In all cases, the initial 
creep strains were recorded in less than 
5 min. from the time of application of 
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where: 
o’, = the nominal axial stress, and 

t'zy = the nominal shear stress. 

If P = the axial load, M; = the twisting 
moment, d = the internal diameter and 
t = the wall thickness, then the values 
of the nominal stress components o’, 
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the load. In selecting the load values for 
each principal stress ratio, the lowest 
loads used were close to those producing 
yielding of the material, while the high- 
est loads used were close to those values 
which would produce failure by buckling. 
At least four tests were conducted for 
each principal stress ratio, and the 
nominal principal stress ratios used were 
0 (simple tension), —0.33, —0.66 and 
—1.0 (pure torsion). 

The nominal principal stress ratio is 


o,/2 — V (1/2) + 
o,/2 + (01/2) + 


R= = (1) 


Creep Time, hr. 
—Creep-Time Relations for Pure Torsion Tests. Stress Ratio: 02/0, = —1.0. 


50 60 70 80 90 100 


and 7r’,, for a thin-walled tube are ap- 
proximately defined by 


P 
wdt(d + 2) 


Placing values of o’, and r’,, from Eq. 
2 and 3 in Eq. 1, the nominal principal 
stress ratio is 
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Creep Test Results: 


For the combined stress tests the unit 
creep strains are the nominal axial creep 
strain e, and the nominal shear creep 
strain yzy. The values of these creep 
strains in terms of the measured deforma- 
tions are 


biz + bez 
2L, (5) 
and 
= —— (d + 2%) (6) 
where: 


5:2, ba: = the measured axial strains on 
two opposite sides of the 


specimens, 
L, = the original gage length, and 
p = the angle of twist in degrees. 


By Eqs. 5 and 6, the unit nominal creep 
strains were determined. 

Figures 4 to 9 inclusive give the nom- 
inal creep strain-time relations for the 
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various principal stress ratios and for 
both the axial strain e, and the shear 
strain y,,. For the principal stress ratio 
of zero, that is, for simple tension, only 
one graph showing the axial creep strain 
is obtained as shown in Fig. 4 Similarly, 
for pure torsion or for the principal stress 
ratio of — 1.0, only the shear creep strain- 
time relations can be obtained as shown 
in Fig. 9. For intermediate values of the 
principal stress ratio or for R = —0.33 
and —0.66, the axial and shear creep- 
time relations are given, as shown in 
Figs. 5, 6, 7, and 8. 

Lack of time and equipment made it 
necessary to limit the tests to 100 hr. as 
represented in Figs. 4 to 9. 


INTERPRETATION OF CREEP TEST 
RESULTS 


Methods of interpretation of combined 
creep test results based upon simple ten- 
sion creep data have been discussed by 
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Fic. 11.—True Axial Stress, Creep-Time Relations for Simple Tension. 
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several investigators (1, 6, 7, 8). The 
limited amount of test data available on 
combined creep stresses (1, 8) indicates 
that the theory, which will be called the 
Modified St. Venant Theory, appears to 
be a good approximation for predicting 
combined stress creep strains. This the- 
ory is derived and discussed by Soder- 
berg (6) and Marin (8). At the outset, one 
of the difficulties encountered in apply- 
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tests, since in these tests there is no 
change in the cross-sectional area. Fur- 
thermore, with large axial creep strains 
the nominal axial strain based on the 
original gage length, as defined by Eq. 5, 
is no longer correct. 

To remedy the foregoing discrepancies, 
the true stresses and true creep strains 
based upon a changing cross-sectional 
area and changing gage length will first 
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Fic. 12.—True Axial Stress, Creep-Time Relations for Nominal Combined Stress Ratio, —0.33. 


ing the St. Venant Theory is the fact 
that the theory assumes small strains. 
The large strains produced in the test 
reported, however, result in considerable 
reduction in the cross-sectional areas of 
the specimens during the time covered by 
the test. With reduction in the cross-sec- 
tional area, the stresses cannot be con- 
sidered as constant throughout a creep 
test. In other words, the creep tests are 
constant load tests and not constant 
stress tests. The foregoing statement does 
not apply for the pure torsion creep 


be determined. This can be done by 
first finding expressions for the diameter, 
d,, and wall thickness, f,, corresponding 
to any stage during the creep test. The 
true strain, e, corresponding to a nominal 
strain, é., is obtained by noting that the 
true strain is 


dL 
= = = 


or 


By Eq. 7 the true strain in the direction 
of the wall thickness is or, 


—=— 
4 
| 


Marin, anp Hu 


1064 
e=m(i+te) (8) 


If it is assumed that the volume remains 


constant, €- + €, + « = O, and since 
o. = Oando, = 0, thene, = e and 2e, 
+ e€, = 0, or 

yt 


By Eqs. 8 and 9 the wall thickness, ¢,, 
in terms of the original wall thickness, /, 
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wdt(d + t) 


Equation 13 defines the true stress com- 
ponents, o, and 7fz,, in terms of the 
nominal stresses, o’, and r’,,, and the 
nominal axial strain ez. By Eq. 7 the 
true axial strain becomes 


ez = In(1+e,) 
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and the nominal strain, e,, becomes 


tp = t/(1 + (10) 


The true diameter, d,, at any time, /, is 
defined by 


By Eqs. 9 and 11, since —}e, = ¢,, the 
diameter, dp, at any time is defined by 


d, = d/(1 + e,)!!2 


~ 

Replacing ¢ and d in Eqs. 2 and 3 by ¢, 
and d, defined by Eqs. 10 and 12 the 
true stress components, ¢, and 7,y, are 


True Axial Stress, Creep-Time Relations for Nominal Combined Stress Ratio, —0.66. 


For large shear strains the angle and 
the tangent of the angle cannot be as- 
sumed equal. The shear strain for large 
angles of twist, therefore, must be taken 
as 


= tan yey = tan E (d+ 20» (16) 
720 


For the creep angles of twist measured 
in this investigation, the values of y's 
and yz, are approximately equal. By 
Eqs. 13, 14, 15, and 16 the values of the 
true stresses and strains can be com- 
puted for any point on a creep-time 
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Fic. 14.—True Shear Stress, Creep-Time Relations for Nominal Combined Stress Ratio, —0.33. 
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. 13 .—True Shear Stress, Creep-Time Relations for Nominal Combined Stress Ratio, —0.66. 


curve. It is now possible to obtain ap- Determination of True Creep-time Rela- 


proximate true creep-time relations for tions 
constant true stress values as outlined A method of interpolation of test 
in the following. data is developed in the following to 
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obtain true creep strain-time relations 
for constant true stress values from the 
moment creep-time curves for constant 
tensile loads. The procedure used can be 
explained by referring to Fig. 10. 
Figure 10(a) represents nominal creep- 
time relations corresponding to a series 
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and true creep stresses determined in 
step 1, plot true creep stress-strain rela- 
tions as shown in Fig. 10() for various 
times 4, f t, aS parameters. 
Points a, 6, and g in Figs. 10(a) and 
10(b) are corresponding points. 

3. For selected values of the true 
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Fic. 16.—Log Creep Rate-Log Stress Relation for Simple Tension. 


of nominal stresses ........ 
To obtain the true creep strain-time 
relations in Fig. 10(c) from the nominal 
creep strain-time relations of Fig. 10(a), 
the following steps are applied: 

1. For selected times 
in Fig. 10(a), determine the true strains, 
€z, and true stresses, oz, using Eqs. 13 
and 15 for points a, a2 An, by, 

2. With values of true creep strains 


stresses (Fig. 10(0)), 
determine creep strains 4, C2 


Cn. di, dy dn, ki, ko kp, 
corresponding to times ...... 
4. With values of the true creep 


strains obtained in step 3, true creep- 
time curves can be obtained as shown in 
Fig. 10(c). Points c, d, and & in Fig. 
10(c) correspond to points c, d and & in 
Fig. 10(8). 

Using Eqs. 14 and 16 for the true 


shear stress and creep strain, the true 
shear creep-time relations can be ob- 
tained. 

Applying the foregoing procedure, the 
true creep-time curves shown in Figs. 11 
to 15 were obtained for the axial and 


rABLE I.—VALUES OF CONSTANTS B AND n FOR 
CREEP IN SIMPLE TORSION. 


Method Using | B n 


Nominal stress and nominal | 

creep strain. oh 3.51 X 1078 12.0 
True stress and true creep strain| 7.73 xX 10-2 4.2 
Average true stress and true 


@ Method discussed in Appendix. 
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An examination of the tension creep 
test results shows that the creep rate at 
100 hr. is approximately related to the 
stress by the equation 


where B and m are experimental con- 
stants. By Eq. 17 a straight-line rela- 
tion exists between the Jog C and log o. 
Figure 16 gives a plot of the log C versus 
log o for both the nominal stress and 
creep strain data obtained from Fig. 4 
and the true stress and creep strain data 
as given in Fig. 11. Values of B and n 


TABLE II.—COMPARISON OF EXPERIMENTAL AND THEORETICAL CREEP RATES. 


sali True Axial Creep Rate, C, True Circumferential Creep Rate, C, 
Stress Ratio | 1; Shear 
|Stress, oz, Experi- | Theoretical, | Differ- Stress,rzy, Experi- | Theoretical, | Differ- 
psi. mental, in. in. per in. | ence, per psi. mental, in. in per in. ence, per 
per in. per hr. = hr. | cent per in. per hr. | per hr. ‘cent 
6000 3.86 X 1075 3.96 XK 1075 —2 5500 14.3 KX 10-5 | 12.4 K 1075 15 
—0.33 7000 6.15 | 7.58 —19 6000 18.4 17.9 3 
8000 12.0 | 13.2 -9 7000 31.3 34.2 —-8 
3100 2.43 3.96 —41 7500 18.7 27.3 —31 
—0.66 3200 2.94 4.52 —37 7800 21.9 32.4 —32 
3300 4.57 §.12 —12 8000 32.8 36.2 -9 
6300 13.09 12.14 8 
— 7200 | 24.33 21.36 14 
, 7850 34.8 30.71 13 
8140 35.0 35.7 —2 


shear strains and for the various prin- 
cipal stress ratios. 

The shear creep-time relation for pure 
torsion shown in Fig. 9 also applies for 
the true shear creep-time relation since 
the angles of twist measured are of such 
magnitudes that y's, = Yzy in Eq. 16. 


Comparison of Theoretical and Experi- 
mental Creep Rates for Combined 
Stresses: 


The Modified St. Venant Theory (6, 
8) for predicting creep rates for com- 
bined stresses based on tension creep 
test results will be used in the following 
interpretation. To apply the theory it is 
first necessary to evaluate a creep rate- 
stress relation for creep in simple tension. 


for both the nominal and true values are 
listed in Table I. 

Using the true stress and true creep 
strain constants, Eq. 17 becomes 


C = 7.73 X 


By the Modified St. Venant Theory 
(6, 8) it can be shown that the axial 
and circumferential creep rates in terms 
of the true axial tensile stress o, and 
the true shear stress rz, are 


= + 


(17a) 


(18) 


= 3B(o2 + 


Placing values of B and n based on the 
true creep strain-stress data in Eqs. 18 
and 19, the theoretical or predicted axial 
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On CREEP OF ALUMINUM ALLOY 


TABLE III.—COMPARISON OF EXPERIMENTAL AND THEORETICAL CREEP RATES. 


(Based on mn method given in Appendix.) 


Average Axial Creep Rate, C, Average Circumferential Creep Rate, Ce 
Nominal True True |_ mals 

si, in. per in. mental, in. | ence, per <i. | per in. mental, in. | ence, per 

antl per hr. per in. per hr. | cent P per hr perin.perhr.| cent 

5925 1.63 X 10° 3.48 XK 1075 114 5115 4.22 K 107§| 7.14 X 1075 69 

eee 6915 5.3 6.22 17 13.9 20.8 50 

8147 18.55 14.05 —24 7213 49.3 41.6 16 

3065 3.07 2.46 —20 7348 | 22.0 13.0 —4i1 

—0.66..... 3213 3.52 3.82 7656 =| 25.15 15.6 —38 

5.86 5.34 -9 8025 41.9 31.7 —24 

6300 | 5.9 13.09 122 

—1.0.. rs 7200 15.7 24.33 55 

7850 29.4 3.48 18 

8140 38.3 35.0 


and circumferential creep rates become 
= 7.73 X 10-*(02 + (18a) 
= 23.19 X 10-®(o2 + (19a) 


A comparison is given in Table II of 
the true theoretical creep rates based on 
Eqs. and with the experimental 
values obtained from the true creep- 
time curves in Figs. 9 and 11 to 15. An 
examination of the percentage differences 
between the theoretical and experimental 
creep rates in Table II shows that the 
theory gives a good approximation for 
predicting the creep rates under com- 
bined tension and torsion. In fact, the 
agreement between tests and theory is 
very good, considering the assumptions 
made in the theory and the errors in- 
volved in the interpolation and calcula- 
tion of the true creep-time curves based 
on constant load tests rather than con- 
stant stress tests. 


ped @ 
4 4 a a 
asf 


The variation between the observed 
creep stress and creep rate, based on the 
true stress-strain data, is shown in 
Fig. 17. 

A modification of the foregoing method 
of interpretation is given in the Ap- 
pendix. of 

CONCLUSION 


Based upon creep-time data for vari- 
ous ratios of biaxial stresses from 0 to 
—1.0, and for the aluminum alloy 2S-0 
tested, it was found that the Modified 
St. Venant Theory is a good approxima- 
tion for predicting creep rates under 
combined stresses. 
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APPENDIX 


Marin, Favret, Hou” 


METHOD OF INTERPRETATION BASED ON “AVERAGE” TRUE STRESS-TRUE STRAIN 


CURVES 


Another method of interpretation of the 
test data applied in this investigation is 
based on the determination of true creep- 
time curves corresponding to the nominal 
creep-time curves in Figs. 4 to 8. That is, 
test points corresponding to the test points 
on the creep-time curves of Figs. 4 to 8 are 
determined based on Eqs. 15 and 16. The 
nominal stress on these true creep-time 
curves is replaced by an average true stress 
equal to one-half the sum of the original 
true stress and the final true stress at 100 hr. 
Values of the creep rate and stress for 
simple tension are given in Fig. 16 based on 
the creep-time curves obtained in the fore- 
going manner. The values of B and n calcu- 
lated by Eq. 17 were found to be B = 
1.16 x 10-*, m = 7.3. Using these values 


p> . 


(1) R. W. Bailey, “The Utilization of Creep 
Test Data in Engineering Design,” Journal, 
Inst. Mechanical Engrs., Vol. 131, pp. 1-131 
(1935). 

(2) H. J. Tapsell and A. E. Johnson, “Creep 
Under Combined Tension and Torsion,” 
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“pp. 239-244. 

(5) J. Marin e al, “Biaxial Plastic Stress- 
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of B and n in Eqs. 18 and 19, the theoretical 
creep rates C, and C, were determined for 
the average true stresses. These theoretical 
creep rates are given in Table III. The ex- 
perimental values of the creep rates are 
also shown in Table III. The percentage 
difference between the experimental and 
theoretical values as given in Table III 
shows that in some cases the discrepancies 
become large. The variation of the creep 
rate and average stress is shown in Fig. 17. 

Although the foregoing method does not 
interpolate the test data and does not in- 
volve approximations inherent in this inter- 
polation, it appears that the true stress-true 
creep strain data leads to a more accurate 
prediction of creep under combined stresses. 


Strain Relations for 24S-T Aluminum 
Alloy,” Technical Note No. 1536, Nat. Adv. 
Committee for Aeronautics, May, 1948. 

(6) C. R. Soderberg, “Interpretation of Creep 
Tests on Tubes,” Transactions, Am. Soc. 
Mechanical Engrs., Vol. 63, No. 8, No- 
vember, 1941, pp. 737-740. 

(7) F.O Iquist, “A Theory of Creep Under Com- 
bined Stresses,” Proceedings, 4th Inter- 
national Congress of Applied Mechanics, 
1934; see also “The Interpretation of Creep 
Tests for Machine Design,” Transactions, 
Am. Soc. Mechanical] Engrs., Vol. 58, No. 8, 
November, 1926, pp. 733-743. 

(8) J. Marin, “Design of Members Subjected 
to Creep at High Temperatures,” Transac- 
tions, Am. Soc. Mechanical Engrs., Vol. 59, 
p. A-21 (1937); “Mechanical Properties of 
Materials and Design,’’ McGraw. Hill Book 
Co., Chapter 7, pp. 246-266 (1942). 
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Mr. H. F. Moore.'—In considering 
tension-torsion relations it should be 
remembered that we never find 


structural member or a machine part 
under a purely one-directional sfress, 
although it may be under a one-direc- 
tional load. A tension specimen under 
axial load is subjected to a longitudinal 
tensile stress, to lateral strains, which 
seem to indicate internal stresses in the 
part, although the quantative values of 
such stresses are not very clearly de- 
termined. The specimen also is sub- 
jected to diagonal shearing stresses on 
all planes except those perpendicular or 
parallel to the direction of the tensile 
stress. In a torsion specimen there are 
longitudinal shearing stresses, circum- 
ferential shearing stresses, oblique tensile 
stresses and oblique compressive stresses, 
and the maximum values of each of these 
four stresses is the same. 

While for many problems of strength 
of structural or machine parts it is not 
necessary to consider in detail all the 
stresses in that member, yet we should 
always keep in mind that the stress 
pattern is really very elaborate, and, 
especially in cases of materials which 
are not equally strong in all directions, 
we should consider all of the principal 
stresses set up. 

Then too we may well remember that 
our whole system of computing stresses, 
strains and strain energies is based on 
the assumptions: (1) that material is 
homogeneous, (2) that it is isotropic, 
and (3) that Hooke’s law may be used in 
computing stress. While none of these 


1Research Professor of Engineering Materials, 6 Research Laboratories, W estinghouse Electric Corp., 
Emeritus, University of Illinois, Urbana, Ill. East Pittsburgh, Pa. oy 
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assumptions is rigidly correct they have 
proved very useful as the basis of 
stress, strain, and strain energy compu- 
tations which have enabled us to design 
safe structures with a very high degree 
of probability of satisfactory service. 
However with the growing importance 
of ability to resist repeated stress and to 
resist creep, increased care is necessary 
that we examine our structural parts 
carefully to see whether inhomogeniety, 
non-isotropy of material and _ serious 
deviation from Hooke’s law are factors 
which cannot be 

Mr. Joun M. Lessevis.2—Mr. Marin 
is to be congratulated in ettee some 
further data to that already available 
on the strength problem. 

It has been well established* that in 
the case of reversed bending combined 
with static torsion there are certain 
factors so far unexplained in that a con- 
siderable shear stress can be developed 
before the endurance limit in reversed 
bending seems to be affected. A further 
contribution to this phase of the subject 
has recently been made by Gough.‘ 

It seems to me that more data should 
be made available to explain the above 
phenomenon before we can hope to 
understand the additional complexity 
introduced by the effect of high tem- 
perature. 

Mr. M. J. MAnjorne.*—I notice that 


2 Associate Professor, Dept. of Mechanical Engineer- 
ins Massachusetts Institute of Technology, Cambridge, 
Mass. 

3J. Marin, ‘Mechanical Properties of Materials and 
Design,’’ McGraw-Hill Book Company, Inc., New York, 
N. Y., p. 167 (1942). 

4H. J. Gough, “ Engineering Steels Under Combined 
Cyclic and Static Stresses,”’ Journal of Applied Mechanics, 
June, 1950, p. 113. 
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1072 Discussion ON CREEP 
in the picture of the machine the lever 
arm has three knife edges, not on a 
straight line; this means, of 
that the load will vary as the weights 


course, 


drop. I wonder how often you have to 
raise the weights to keep the load 
constant. 

Messrs. JosepH Marin, J. H. Fav- 
PEL, AND L. W. Hu (authors’ closure). 


The authors agree with Messrs. Moore 


or ALUMINUM ALLOY 


and Lessells in the comments they have 
made. 

Mr. Manjoine observes that the 
three knife edges of the lever arm used 
to apply the axial load are not on the 
same level and that the load on the 
specimen would vary as the weights drop. 
The variation in the load on the speci- 
men was prevented by periodic adjust- 
ments so that the lever remained hori- 
zontal. 
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Joun N. Kenyon! 


THE REVERTING OF HARD-DRAWN COPPER TO SOFT 
CONDITION UNDER VARIABLE STRESS* - 6 


SYNOPSIS 
Fatigue tests carried out on long lengths of hard-drawn copper wire show ‘ee 
that “islands” of soft copper may develop at the periphery. This reverting - 
to large crystals was found to occur in some 30 per cent of the heats of copper 
tested at room temperature and in all heats tested at 70 C. 
It is believed that many transmission line failures, attributed to mechanical 
defect in wire, are a direct result of this softening phenomenon. The finding 
also brings to mind the century-old theory.of crystalline failure and suggests 


some clarification in definition. 


On October 24, 1849, the Institution 
of Mechanical Engineers met in Birming- 
ham (England) and discussed the prob- 
lem of fatigue failures in metals. The 
pros and cons of possible crystalline 
changes, under variable stress, were con- 
sidered with understanding and scientific 
detail. One hundred years later, on Oc- 
tober 10, 1949, the mechanism of fatigue 
was reviewed in a most timely paper by 
Mr.R. E. Peterson*at the A.S.T.M. Pacific 
Area National Meeting in San Francisco. 
Mr. Peterson’s concluding statement (in- 
ferentially referring to the ferrous metals) 
is believed to be basically correct: “... 
The ‘crystallization theory’ of a century 
ago has been proved unsound by metal- 
lographic studies.” 

A REVIEW OF SOME PERTINENT 
FATIGUE STUDIES ON COPPER 


In 1933, Rolle and Brace* published 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

! Fatigue of Materials Laboratory, Princeton, N. J. 

?R. E. Peterson, ‘‘Discussions of a Century Ago Con- 
cerning the Nature of Fatigue, and Review of some of the 
Subsequent Researches concerning the Mechanism of 
Fatigue,’ ASTM Buttietin, No. 164, February, 1950, 
p. 50. 
3S. Rolle and P. H. Brace, “Some Properties of OFHC 
py > Ol Reprint of a paper and discussion presented at 
the February Meeting of the Am. Inst. Mining and Metal- 
lurgical Engrs. (1933). 


fatigue data on hard-drawn copper, using 
the R. R. Moore type of machine and 
the polished test specimen of reduced 
diameter. The fatigue strength of 17,000 
psi., at 400 million stress reversals, is 
generally accepted as a very good value 


for oxygen-free high conductivity 
(OFHC) hard-drawn copper. The au- 


thors obtained some information on elec- 
tric tough pitch (ETP) copper but the 
data were never published. It is generally 
known that the S-.V fatigue curve for the 
ETP copper was parallel to and a little 
below the curve for the OFHC copper. 
The relative positions of the two graphs 
are indicated in Fig. 1. 

In 1935, Kenyon carried out endur- 
ance tests on hard-drawn OFHC and 
ETP copper wire with the arc machine. 
Fatigue specimens, up to 30 in. long, 
were subjected to equal stress-reversal 
intensity wherein failure could occur at 
any point within this controlling length. 
The two fatigue curves did not become 
asymptotic to the abscissa but trended 
downward to low values. As in the Rolle- 
Brace study, the curve for the ETP cop- 
per was below and parallel to the curve 
for the OFHC copper, thus indicating 
the effect of contained oxide (Fig. 1). 


a 
—— 


Kenyon on REVERTING HARD-DRAWN TO Sort CONDITION 


In 1940, Kenyon carried out fatigue 
tests on another set of OFHC and ETP 
hard-drawn copper wire. After 100 10° 


In 1946, a third set of fatigue curves 


Fic. 1.—S-N Curves for OFHC and ETP Coppers. 
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TABLE I.—PHYSICAL DATA*® ON HARD-DRAWN 
COPPER. 


Type 


Series|Specimen Strength, 


| Tensile 


| Endurance Limits 


psi. Stress 
reversals | PS" 
OHHC | 1933 Machined| 39800 | 400 x 10® | 17 000 
ETP 1933 | 55000 (see Fig. 1) 
OFHC 1935 Wire? 61 000 70 14 700 
ETP 1935 59 300 70 13 100 
OFHC | 1940 Wire? 55 900 100 16 700 
ETP 1940 65 300 100 15 100 
OFHC— 1946 Wire® «64. 500 20 14300 
ETP 1946 64 100 20 13 100 
@ Tested at room conditions. 
> No. 12 Wire—0.0805 in. diameter. 
li kp 


stress-reversals, the S-V curves assumed 
nearly horizontal trends and indicated 
fatigue strengths in step with the Rolle- 
Brace values; considering that the wire 


was established by Kenyon by the arc 
method on OFHC and ETP wire. The 
static physical properties of these ma- 
terials were at least comparable with the 
previous series (Table I). However, the 
fatigue curves did not become asymptotic 
to the abscissa (as was expected) but 
trended downward to abnormally low 
values. As previously, the relative po- 
sitions of the two curves indicated the 
effect of contained oxide. Half-lengths 
of the broken fatigue specimens were sent 
to Mr. L. R. Jackson, Battelle Memorial 
Inst., and the other halves were retained 
for microscopical studies. The two fatigue 


curves are shown in Fig. 1. 
The microscopic examinations of the 
fatigued wire tested in 1946, revealed that 


was die drawn and with the usual run 
of surface imperfections (Fig. 1). 


f 


Ban, 


the hard-drawn copper had undergone 
a physical change in structure. Small 
overlapping “islands” of soft material 
had formed at the periphery, whereas no 
large crystals were discernible in the 
stock material. The soft copper had 
a Knoop hardness of 67 to 75 as com- 
pared with a hardness of 132 to 138 for 
the harder copper. 

A subsequent microscopic examination 
of the broken wire specimens, tested in 


KENYON ON REVERTING H. — Corres TO Sorr Conprrion 


tors have not reported the formation of 
large crystals in hard-drawn copper. 
Other investigators have reported wide 
divergencies in the fatigue strengths of 
various heats with similar static physical 
properties. The fact that soft copper for- 
mation has not been previously reported 
may be due to the method of fatigue 
testing. 

The standard machine requires a test 
specimen wherein the fracture is. con- 


Fic. 2.—Rotating-Wire 


1940, did not reveal crystalline altera- 
tion; even in the specimens which had 
been subjected to the highest stress or 
to over 100 million cycles. Unfortunately, 
the broken specimens for the series tested 
in 1933 and 1935 were not retained—they 
might have given additional microscopi- 
cal information. It should be noted that 
the wire series were tested with the arc 
machine, at room temperature, and at 
the same speed of rotation. 


THe RoTaTING-WIRE ARC FATIGUE 
MACHINE 
The question has been raised (and with 


very good reason) why other investiga- 


Arc Fatigue Machine. 


fined to the center of length. Obviously, 
the metal on either side of this break is 
subjected to lower fatigue stress. When 
a microscopic examination is made, of 
necessity of the under-fatigued metal, 
large crystals might not be in evidence. 
The fatigue machine used in this study 
(Fig. 2) subjects a long length of wire 
to equal stress reversal.*: ®» © When large 
crystals appear in the wire, structural 


‘John N. Kenyon, “A Rotating-Wire Arc Fatigue 
Machine for beg | Small Diameter Wire,’’ Proceedings, 
Am. Soc. Testin ats., Vol. 35, Part II, p. 156 (1935). 

§ John “A Corrosion-Fatigue Test to 
Determine the Protective Qualities of Metallic Platings,’’ 
—" Am. Soc. Testing Mats., Vol. 40, p. 705 
1940). 

6 John N. Kenyon, “The Fatigue Properties of Some 
Cold-Drawn Nickel Alloy Wire,” Proceedings, Am. Soc. 
Testing Mats., Vol. 43, p. 765 (1943). 
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alteration is in evidence at whatever 
point the fatigued specimen is micro- 
scopically exami xamined. 


(a) 


44 


Fis (c) Longitudinal view of stock material. 


KENYON ON REVERTING HARD-DRAWN COPPER TO SOFT CONDITION 


curve for ETP copper appears to be 
separated from the companion curve for 


OFHC copper in t in the order of the con- 

og) 


After 23.9  10® stress-reversals at 13,900 ps 


(room conditions). 
wu 


(d) After 23.9 & 10® stress-reversals at 13,700 
psi (room conditions). 


Fic. 3.—OFHC Hard-Drawn Copper Wire, 1946 Series (X40). 


a 

Evavuation or Data 

One outstanding characteristic of the 
data, shown in Fig. 1, is the four sets of 
closely paralleling fatigue curves. Each 


tained oxide. The four lots of hard-drawn 
copper materials also show a wide diver- 
gence in the fatigue strengths. Since each 
set was prepared at the same time, in 


(a) Cross-section view of stock material. ee 
< 
— 


the same mill, and assumedly with the 
same technique, there is reason to be- 
lieve that “processing” may be a con- 
trolling factor. 

The “Zone of Room-Temperature Soft- 
ening,” shown in Fig. 1, is empirically 
established from the endurance data ob- 


KENYON ON REVERTING HARD-DRAWN 


CoprpeER TO Sorr CoNnpITION 1077 


conditions (see 1946 series of Fig. 1). 

The micrographs of the fatigued ma- 

terial were. taken 0.5 in. from the point _ 
of fracture after 23.9 million stress re- 
versals at 13,900 psi. Note especially the 
overlapping ‘‘islands” of softened copper 
at the periphery of the wire (Fig. 3(6)) 


70,000 
| | 
a 60,000 
| 
or / Stress- Strain Curve 
/ for Hard-Drawn 
36,600 t A Copper 
Proportional 
4 Limit / | 8 
40,000 4 
o 
2 
Stress—Strain Curve 
for Soft Copper 
20,000 
7 
| 
10,000 Vector Force, A—A’, indicotes 
variable loading 
(fatigue) 
/ 
Oo 
3 18) 0.00! 0.002 0.003 0004 0.005 
Deformation in per.in. 
10,000 
We 
> 
20,000 
«ites, 
| 


tained on some 20 heats of hard-drawn 
copper wire. Soft copper was discernable 
in the broken fatigue specimens of every 
heat of copper whose endurance curve 
entered this area. This also applies to 
the higher stressed specimens whose 
points on the curve are outside, and well 
above, the empirically established zone. 

Figure 3 shows the cross-sectional and 
longitudinal appearance of OFHC copper 
before and after fatigue testing at room 


and how the fatigue cracks have propa-— 
gated into the harder copper (Fig. 3(d)). 
The mechanism of fatigue failures due 
to large crystal formation can be clari- 
fied by considering the typical stress-— 
strain curves for hard-drawn and soft 
copper (Fig. 4). A hard copper has defi- 
nite elastic properties for a given range 
of stress, while the elastic properties of 
soft copper are indefinite. The hard cop- 
per could be subjected to alternate stress, 


| 
| 
| 
4 
| 
‘ 
| 
} j 
| 
for Hard-Drawn and Soft Copper. a 


say A-A’, without exceeding the yield 
strength, but the fatiguing forces, A-A’, 
would have to be considerably reduced 
to keep within the yield strength of the 
soft copper. In other words, when a hard- 
drawn copper is subjected to variable 
stress and soft crystals develop at the 


22,000 
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of hard-drawn electrical transmission 
wire. No essential changes in tensile prop- 
erties were found for temperatures up 
to 150 C. The conclusion was drawn (in 
private communication) that the major- 
ity of line service failures must be due 


to mechanical defect in stock material. 


20,000 


18,000 


16,000 


Stress, psi 


14,000 


Zone of 
_Room- Temperature 


12,000 


10,000 


ix10® 10x10® 


Cycles to Failure, log scale 
Fic. 5.—S-N Curves for Hard-Drawn Copper Wire by the Arc Method. 


TABLE IL—PHYSICAL DATA ON “REGULAR” 
HARD-DRAWN WIRE. 


| Tensile | Endurance 


Specimen Tested at| Strength,) Limits at 

| psi. | 13,700 psi. 

Ri Wire? | 70C. | 68900 | 19x 108 
Rs Wire* 70 C. 67700 | 7 


@ No. 12 wire —0.0805 in. diameter. 
periphery, the fatigue strength is lowered 
to that of soft copper. Consequently, 
- fatigue cracks (having incipient begin- 
ning in soft crystals) propagate into the 
harder copper and lead to ultimate fail- 
ure. This propagation is illustrated in 
Fig. 3(d). 
LARGE CRYSTAL FORMATION VERSUS 
LINE SERVICE FAILURES 
A British publication’ of 1944 gives 
_ 24-hr. annealing data on several grades 
7G. W. Preston and H. G. Taylor, ‘““Copper Conductors 


for Overhead Lines,”’ Journal, Inst. Electrical Engrs., 
Vol. 91, Part II, No. 23, p. 451 (1944). 


100 x10® 1000x10® 


In the present study some 175 ft. of 
copper wire was subjected to the fatigue 
stressing wherein failure could have oc- 
curred at any point within this control- 
ling length. No defect of a mechanical 
nature was encountered. This leads to 
the supposition that most line failures 
are initially due to a fatigue beginning 
but are listed as defects in stock material 
because of the weathered appearance of 
the fracture. In fact, most laboratory 
fatigue fractures give the appearance of 
original defect due to the discoloration 
and the “anvil” effect at the point of 
incipient beginning. Line service failures 
are believed to follow this cycle of propa- 
gation: (a) soft crystals of microscopical 
dimensions develop under cyclical stress 
because of wind sway and vibration, (0) 
incipient cracks have origin in this low- 


| | | | 
— | — 
R, at 22C, 
| | 
| | | Rat 22C, 
t70C, R, at70C, 


fatigue-resisting material, (c) the cracks 
propagate into the harder copper thus 
reducing the cross-section, and (d) ulti- 
mate failure occurs due to overtension 
resulting from extreme cold, high wind, 
or ice accumulation. 


Enpurance Tests at HIGHER 
TEMPERATURE 


In order to determine the effect of a 
moderate temperature increase (70 C.) 
on the fatigue strength, tests were carried 


Fic. 6.—Designation R, Hard-Drawn Copper 
Wire After Failure at 15.3 & 10° Stress Reversals, 
14,300 psi. at 70 C. (X40". 


out on two “regular” hard-drawn copper 
wires which met with the electrical trans- 
mission requirements. The data are plot- 
ted in Fig. 5 and summarized in Table 
I. 

Three fatigue curves entered the em- 
pirically established “Zone of Room-Tem- 
perature Softening.”’ One of these curves 
was established under room conditions 
and the other two were established at 
70 C. As anticipated, the broken speci- 
mens showed “islands” of softened cop- 
per (Figs. 6 and 7). While the actual 
amount of altered copper was under 5 
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per cent, it occurred at the periphery 
and was a controlling factor in a con- 
siderably lowered fatigue strength. The 
fourth fatigue curve, which was estab- 
lished at room conditions, did not enter 
the empirical “‘Zone,” and no soft copper 
was in evidence in the tested specimens. 


SPONTANEOUS SOFTENING OF 
HARD-DRAWN COPPER 


It is generally recognized that certain 
hard coppers may recrystallize spontane- 
ously at room conditions and eventually 


Fic. 
Wire After Failure at 11.7 X 10® Stress Reversals, 
12,700 psi. at 70 C. (X40). 


revert to soft metal. Two British investi- 
gators reported the occurrence in a cold- 
rolled strip wherein the “... average 
grain diameter of the crystals had been 
reduced to about 0.008 mm., or less’ 
(Fig. 8). The finding would seem to indi- 
cate that the wire rod with smaller grain 
diameter might give the lower fatigue 
strength. The opposite effect was en- 
countered in the present study. 

The two “regular” coppers had rod 


8M. Cook and T. L. Richards, ‘The Self-Annealing of 
Copper,” Journal, Inst. Metals, Vol. 73, p. 1 (1943). 
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0.025 mm., respectively. Both were 
drawn to No. 12 wire in the same mill 
and with the same number of passes. 
The hard-drawn copper wire, from the 


“bn diameters of about 0.015 mm. and 


(a) Before rolling. 
(6) After rolling. (Ce 


(c) Before rolling. { 
(d) After rolling. 


(e) Before rolling. { 
(f) After rolling. 


ympletely reverting to soft copper in 15 months 


\ Partial reverting to soft copper in 15 months - 


No reverting to soft copper in 15 months 
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of opinion) is the hardening of a metal 
under cyclical stress, a loss in ductility, 
assumption of cast-iron-like properties 
and a general deterioration in the fatigue 
strength. Such a theory of service fail- 


Fic. 8.—Showing How a Hard-Drawn Copper Strip Spontaneously Reverts to Soft Copper at 
Room Conditions When the Grain Size is Below a Certain Critical Value. 


rod with grain diameter of 0.015 mm., 
had a_ considerably higher fatigue 
strength. (Figs. 5, 9 and 10). 


CLARIFICATION IN DEFINITION OF 
“CRYSTALLINE” FAILURE 


The century-old theory of “crystal- 
ea failure (according to the concensus 


ure has been proved to be unsound.? On 
the other hand, it is felt that some termi- 
nology by way of definition should be 
considered for fatigue failures in certain 
non-ferrous metals (such as lead and cop- 
per) wherein there have been structural 
changes. Should the mechanism of fail- 
ure be termed one of crystallization, re- 
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KENYON ON 
‘ ‘ 
crystallization, or crystalline re-orienta- 
tion. The question is propounded and is 
believed worthy of discussion in open 


forum. 
SoME GENERAL CONCLUSIONS 


A hard-drawn copper is in metastabie 
condition and the British finding has 
demonstrated that spontaneous soften- 


Fic. 9.—Designation R; Copper, ;s-in. Rod 
Before Rolling, With Average Grain Diameter 
of 0.015 mm. 


ing can occur under static room condi- 
tions. Inferentially, the softening tend- 
ency might be accelerated under vibra- 
tional stress and in the nearly complete 
absence of the so-called ‘‘annealing” 
temperature. 

The four sets of paralleling curves (Fig. 
1) indicate that processing may be an 
important factor in arriving at the 
mechanism of large crystal formation. 
A consideration of the contained impuri- 


ties (or added elements, depending on 


REVERTING HARD-DRAWN CopPER TO SOFT CONDITION 


effect of processing as suggested by the 
parallel curves in Fig. 1, and (e) nature 
of the solid solutions of the contained 
elements. 


Acknowledgment: 
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the point of view) must be reserved for 
a more intensive study. For further work, 
the following leads appear to be worthy 
of careful consideration: (a) pulsating- 
tension 
whether the formation of “islands” of 
soft copper is a surface effect, (6) effect 
of contained impurities, (c) grain diame- 
ter as suggested by the British study, (d) _ 


fatigue tests to determine 


oF 


Fic. 10.—Designation Re Copper, ;'-in. Rod 
Before Rolling, With Average Grain Diameter 
of 0.025 mm. 


Appreciation is expressed to H. F. | 
Moore for constructive suggestions on — 
the preparation of the paper, and to R. 
M. Sample, Sample-Marshall Labora- 
tories, for suggestions and the contribu- 
tion of the micrographs. 
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DISCUSSION 


Mr. J. S. Smart.'—Mr. Kenyon has 
presented evidence of the occurrence of 
"partial recrystallization in certain copper 
wires being tested in fatigue within the 
normal operating temperature’ range 
for line wire. The fact that all lots 
tested did not partially recrystallize 
is significant, and while variations in 
grain size have been noted, it seems more 
probable to ascribe the major cause to 
differences in the annealing charac- 
teristics of the various lots of wire 
under test. If this proves to be the case, 
the use of coppers having high recrystal- 
lization temperatures, of which there are 
a number of types, may be indicated 
where resistance to fatigue is important. 

In order to obtain more evidence on 
the importance of annealing tempera- 
ture, which depends on impurity content 
and thermal history, we have furnished 
Mr. Kenyon with a quantity of high- 
‘purity copper wire having a very much 
lower recrystallization temperature than 
the previous coppers tested. These 
test results should be of considerable 
interest when they become available. 

Mr. J. N. Kenyon (author)—The 
following table gives some fatigue values 
obtained on the spectrographically pure 
-hard-drawn copper wire submitted by 
Smart: 


Strength T d Fatigue t 
of Stock, este Stress, yctes to | apes. 
psi. at | psi. Failure per cent 
56 400 22 C 14700 | 17.2 XK 108 
70 C 14 709 1.7 90.0 
22C. | 14300 | 23.0 | 
70C. | 14300 3.5 85.0 
| Avg. 88.0 
| 


1 Research Dept., American Smelting and Refining 


Co., Barber, N. J 


4," 


t 


The loss in fatigue strength with temp- 


erature rise to 70 C. is. consider- 
ably greater than was obtained on 
commercial line wire. This indicates 


that at least one so-called impurity 
must be a valuable addition agent. 

Mr. G. R. Goun.2—I should like to 
add to what Mr. Smart has just stated 
the fact that one constituent of copper 
which we do not normally consider an 
impurity, namely, silver, is frequently 
reported as copper and has a most 
marked effect on the annealing charac- 
teristics. It is rather unfortunate that 
the compositions of these various coppers 
were not reported. That might be the 
clue to what is happening. 

Mr. Kenyon (author) —Tests carried 
out on “Lake” copper (relatively high 
in silver) indicate average low fatigue 
strengths. The values are very much 
better than those obtained on high- 
purity copper. The chemical contents 
and processing techniques are not re- 
ported because some were not available. 
These data must be carefully considered 
in future fatigue studies. 

Mr. Joun M. LEssetts.*—The paper 
by Mr. Kenyon is of considerable 
interest, discussing as it does the effect 
of impurities. 

It is interesting to note that Gough‘ 
has shown that copper has its elastic 
properties changed by the effects of 


2 Member of Technical Staff, Bell Telephone Labora- 
tories, Inc., New York, N. 

3 Associate Professor, Department of Mechanical 
Engineering, Massachusetts Institute of Technology, 
Cambridge, Mass. 

4H. J. Gough, “Elastic Limits of Copper Under Cy- 
clical Stress Variation,” Engineering, September 8, 1932. 
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cyclic stress. In the annealed state 
there was no proportional limit observed 
in the static tension test whereas after 
cyclic stress the material did show a 
definite proportionality limit. 

Comparing the fatigue results of 
annealed and cold-drawn copper, it 
was shown that for the annealed material 
the knee of the S-N diagram occurred 
before 20 X 10° cycles but there was 
no knee on the curve for the cold-drawn 
material at 500 X 10° cycles. 

Whether these results can be applied 
to explain the effects of impurities as 
found by Mr. Kenyon remains to be 
seen. They do indicate that the elastic 
and fatigue characteristics of copper 
can be radically changed by the effects 
of cold work produced either by cyclic 
stress or by cold drawing. 

Mr. KrEnyon (author)—Gough’s find- 
ing that soft annealed copper develops a 
definite proportional limit under cyclic 
stress, would seem to suggest a cold- 
working effect. The fact that soft copper 
makes appearance in a hard-drawn ma- 
terial under cyclic stress would seem to 
indicate some extreme in metastable 
condition. This condition may be due 
to an over-drawing, an over amount of 
some impurity, or impurities not in solid 
solution. 

Messrs. G. M. SINCLAIR AND T. J. 
Doran® (by letter)—The present study 
by Mr. Kenyon on the recrystallization 
of copper wire subjected to fatigue stress- 
ing is very important and deserves the 
attention of all who are interested in the 
problem of the fundamental mechanism 
of fatigue failure. ; 

The findings of this paper raise a 
question somewhat akin to the ancient 
one, “Which came first, the chicken or 
the egg?” In the present situation it 
would be instructive to know whether 
the large recrystallized grains or the 
fatigue crack appear first during the 


* Department of Theoretical and Applied Mechanics, 
University of Illinois, Urbana, Ill. 
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process of fatigue failure. In the Edgar 
Marburg Lecture before the American 
Society for Testing Materials in 1933,¢ 
H. J. Gough summarized a number of 
experiments from whith it appeared that 
fatigue failure is usually preceded by 
slip and crystal breakdown (cold work- 
ing) of the metal. From this, one might 
expect that the occurrence of micro- 
scopically visible recrystallization during 
a fatigue test is unlikely since any such 
structure should be rapidly broken 
down by the succeeding cycles of re- 
versed stress. 

The occurrence of recrystallization 
after the failure has taken place is also a 
possibility and should be considered. 
In 1948, a limited study of the fatigue 
recrystallization of commercial grade, 
tough-pitch copper wire was carried 
out in the Talbot Laboratory of the 
University of Illinois. Wire specimens 
in the half-hard-drawn condition were 
tested in a rotating-arc fatigue machine 
similar to that used by Kenyon. Metal- 
lographic examination of the wire after 
repeated stressing showed recrystallized 
zones adjacent to the fractured ends of 
several specimens which were broken 
at relatively high stresses. No micro- 
scopic evidence of recrystallization was 
apparent in those specimens which were 
interrupted before fracture had taken 
place. In those cases where recrystallized 
zones were found in the microstructure 
after fracture, it was noted that a sharp 
increase in temperature of the specimen 
occurred just prior to failure. This was 
presumed to be due to the severe work- 
ing received by the reduced cross-section 
of the metal as the fracture developed. 
The temperature of the fractured ends 
of these specimens immediately after 
failure was found to be well over that 
necessary to recrystallize the parent 
material. 


¢H. J. Gough, ‘‘Crystalline Structure in Relation to 
Failure of Metals—Especially by Proceedings, 
Am. Soc. Testing Mats., Vol. 33, Part II, p. 3 (1933). 
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Mr. Kenyon’s comments regarding 
the points in question will be greatly 
appreciated. 

Mr. Kenyon (author)—rTraces of 
soft copper can usually be detected in 
the commercial grades of hard-drawn 
wire. These microscopic areas were no 
more in evidence in the material that 
reverted to soft copper under cyclic 
stress than in the heats of copper which 
did not revert. Some recrystallization 
may take place after fatigue failure. 
However, when soft copper did appear, 
the phenomenon was always associated 
with an abnormally low fatigue strength. 

Mr. H. F. Moore’ (by letier)—The 
presence of large grains of relatively soft 
copper is a very interesting phenomenon, 
and Mr. Kenyon is to be thanked for 
bringing it to the notice of the Society. 

In Mr. Kenyon’s paper it was stated 
that in the stock metal before testing no 
such large grains were found. Some 
further details of the search for such 
large grains in unstressed metal would be 
of interest. 

The question arises whether such large 
grains may not have been formed by 
the high localized temperatures set up 
in the copper as it was subjected to 
repeated stressing in the plastic range of 
the metal. However, the discussion of 
Mr. Kenyon’s paper by Messrs. Sinclair 
and Dolan treats of this matter of 
localized high temperature, and it is 
not further discussed here except to 
point out that Mr. Kenyon’s testing 
machine was run at 3600 rpm., which 
would encourage high-temperature de- 
velopment of large soft grains of copper. 
Possibly both localized high temperature 
and cycles of stress are effective. 

Mr. Kenyon states that for the hard 
copper the “proportional limit” was of 
the order of 32,000 psi., but that the 


7 Research Professor of Engineering Materials, Emeri- 
tus, University of Illinois, Urbana, Ill 


soft copper showed no definite “pro- 
portional limit,” and that accordingly 
its endurance limit must be indefinite 
and below 10,000 psi. The writer of this 
discussion doubts the significance of 
the proportional limit” as an index of 
fatigue strength. In fact, the term “‘pro- 
portional limit,” used without any 
statement of sensitivity of apparatus 
used in testing for it, or of any definite 
deviation from Hooke’s law used to 
locate it, seems to the writer to be of 
doubtful quantitative value for predict- 
ing any kind of structural strength of a 
material.* 

Mr. Kenyon (author).—The stress- 
strain diagrams exemplify how the 
physical properties (including fatigue 
strength) fall off when a hard copper 
reverts to soft material. Since the soft 
crystals appear at the periphery, they 
are a controlling factor in the fatigue 
strength of the hard-drawn wire. 

The British study demonstrates that a 
hard copper may completely revert to 
soft material under static room-tempera- 
ture storage. It is but logical to assume 
that the phenomenon might be consid- 
erably accelerated by cyclic stress and 
in the nearly complete absence of the 
so-called annealing temperature. 

(author’s closure)——The several dis- 
cussions are most suggestive in leads 
for future studies. Of immediate interest 
is the employment of a pulsating-tension 
machine wherein a large percentage of 
the fatigue breaks occur clear of the 
grippings. In that this method subjects 
the entire cross-section of the wire to 
the desired fatigue stress, important 
information should be obtained on 
whether the “‘islands” of soft copper are 
essentially a surface phenomenon. 


8 Cyril Stanley Smith, ‘‘Fatigue Tests of Some Copper 
Alloys,”’ Proceedings, Am. Soc. Testing Mats., Vol 41, 
p. 849 (1941). 
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By J. T. Ricwarps! 
144 wire 


including tensile strength, 


specification properties are noted. 


factor in harder tempers. 


Precipitation-hardening beryllium cop- 
per offers certain advantages in the pro- 
duction of a wide variety of flat springs, 
clips, contacts, diaphragms, and small 
structural members, since it can be se- 
verely formed in the unhardened condi- 
tion and then heat treated to give a 
high degree of strength and_ hardness. 
Parts are generally produced from strip 
by blanking, punching, bending, and 
drawing. Consequently, an indication of 
the forming characteristics of beryllium 
copper strip is important from design, 


material selection and manufacturing 
considerations. 
Although strip may cupped, 


swaged, dished, crimped, corrugated, or 
drawn during fabrication, experience in- 
dicates that bending properties are the 
limiting factor in the greatest number of 
applications. Therefore, an evaluation of 
the bending characteristics provides an 


* Presented at the Fifty-third Annual Meeting of the 
June 26-30, 1950. 

Development Engineer, and oe, respec- 
The Corp., Reading, P 


1085 


FORMING CHAR: AC TERISTICS OF 
AND E. M. Smiru! 


SYNOPSIS 


The results of tests to correlate the forming characteristics of beryllium 
copper strip prior to precipitation hardening with usual specification properties 
elongation, 
Formability is expressed as the minimum safe radius for forming a 90-deg. bend 
by means of a punch and die set-up. The effects of temper, stock thickness, 
grain size, and grain direction upon formability and miscellaneous design or 


The minimum forming radius varies directly with stock thickness; however, 
no simple correlation was found relating formability with usual acceptance 
tests. The best combination of formability and tensile properties was obtained 
from material having a relatively fine grain structure. 
is apparently absent in solution treated and quarter hard strip, it may be a 


BERYLLIU M “COPPER STRIP* 


and Erichsen cup test are reported. 


Although directionality 


appropriate starting point in a study of 
formability. 

There are available both direct and 
indirect methods for determining safe 
forming radii for various materials in 
strip form. In the direct method (1, 2, 3), 
strip specimens are formed to a 90-deg. 
bend by means of a punch-and-die set- 
up. This test procedure is not only rapid 
but also provides a direct measure of 
bending characteristics. 

Most of the indirect methods attempt 
to correlate the results of tension tests 
with formability. Tensile elongation, re- 
duction of area, and the yield strength- 
tensile strength ratio have been suggested 
as indices for predicting relative bending 
properties. Failure to determine a simple 
correlation probably stems from the 
many variables associated with shop 
forming operations and conventional ten- 
sion testing. 

In considering the tension test, the 
reduction of area (sometimes referred to 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1099. 
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as zero-gage-length elongation, see pages 
54 and 55 of paper by Low and Prater 
-(6)) provides an approximate measure of 
the ability of a material to withstand 
plastic deformation. The yield-tensile 
bo offers similar information, since a 
low yield strength in combination with 
_a high tensile strength may indicate con- 
siderable capacity for cold work. 
Tensile elongation cannot serve as a 
_ measure of formability unless certain al- 
_ lowances are made. Elongation values 
are greatly influenced by variations in 
grain size, grain direction, and specimen 
dimensions; and, in addition, past work 
indicates that different alloys do not re- 
spond in the same manner to these vari- 
ables. For example, Walker and Craig (4) 
have reported an increase in elongation 
with an increase in grain size for brass, 
while Brewer (5) found a drop in elonga- 
tion with an increase in grain size for an 
aluminum alloy. The effect of grain di- 
rection also varies, since Low and Prater 
(6) obtained higher elongation in longi- 
tudinal specimens of an aluminum alloy, 
whereas Gohn and Arnold (7) found that 
for several copper alloys transverse tests 
gave the highest elongation. There is 
general agreement, however, that in- 
creases in cross-sectional area resulting 
from added thickness or width give higher 
elongation values (8, 9, 10, 11). 
The effect of gage length upon elonga- 
tion is of particular significance, since 
the effective gage length in forming strip 
is generally much less than the standard 
2-in. gage length usually employed in 
tension testing. Several investigators 
11, 12) have shown that elongation over 
2 in. does not serve as an indication of 
the elongation over other gage lengths, 
_ particularly short ones. Several methods 
- (13, 14) have been devised for predicting 
- minimum forming radii, based on elon- 
- gation over short gage lengths. 
In the present investigation, it was 
_ decided to concentrate on the direct 


ee 


method employing a punch-and-die set- 
up, since this procedure approximates 
actual fabricating practice. At the same 
time, the direct test offers a simple means 
of measuring springback, an important 
factor in all forming operations. Tension 
tests were also conducted as a means of 
verifying the indirect methods as applied 
to beryllium copper. In addition, Erich- 
sen cup tests were also included, since 
this test may be incorporated in speci- 
fications to insure a certain degree of 
formability. 

To obtain a complete picture, the in- 
fluence of temper, strip thickness, grain 
size, and grain direction upon bending 
properties was investigated. The effect 
of width was not considered, because 
most beryllium copper parts are pro- 
duced from strip rather than sheet. Since 
beryllium copper is generally fabricated 
prior to heat treating, tests were not 
conducted in the precipitation-hardened 


condition. 


MATERIALS 


The alloy studied in this investigation 
was the standard 2 per cent beryllium 
copper material meeting the require- 
ments of A.S.T.M. Specification B 194 — 
49 T.* Ninety-eight different lots of strip, 
representing various tempers, grain sizes, 
and thicknesses, were tested prior to pre- 
cipitation hardening. Grain sizes varied 
from 0.010 to 0.120 mm., while strip 
thicknesses ranged from 0.005 to 0.042 in. 

Lots having grain sizes from 0.025 to 
0.045 mm., inclusive, were taken from 
stock and can be considered typical of 
commercial material. Other lots were spe- 
cially prepared to give the desired range 
of grain sizes. Although chemical analy- 
ses were not undertaken at the time of 
test, the composition of all lots was pre- 
viously determined at the ingot stage 
and fell within the limits listed in Table I. 

3 Tentative Specification for Beryllium-Copper Alloy 


Plate, Sheet, and Strip (B 194-49T), 1949 Book of 
A.S.T.M. Standards, Part 2, p. 267. 
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Test 


Three methods of test were employed: 
tension, Erichsen, and the simple 90-deg. 
cold-bend test. Average grain sizes were 
estimated by the comparison method 
outlined in A.S.T.M. Method E79- 
49 T.4 Since the Erichsen test is well 
known, further discussion of this method 
is not warranted. 

The tensile strength was determined in 
accordance with the Standard Methods 
of Tension Testing of Metallic Materials 
(E 8 — 46),®° using cross-miJled specimens 
similar to Fig. 2 of that method with 
length reduced to 6 in. to permit removal 
of transverse specimens from 6-in. wide 
strip. Tension tests were conducted on a 


TABLE L—CHEMICAL COMPOSITION. 
Beryllium, per cent 1.90 to 1.96 


Cobalt, per cent 0.23 to 0.31 
0.07 to 0.13 
Aluminum, per cent...............+06- 0.05 to 0.08 
0.00 to 0.02 


5000-lb. Olsen testing machine. The pro- 
portional limit and various yield strength 
values were taken from stress-strain 
curves drawn with an Olsen automatic 
recorder. Several check runs were made 
with an Olsen dial extensometer, and 
good agreement was found between this 
method and the recorder. 

Since the value of the proportional 
limit is dependent upon the sensitivity 
of the test method, it is qualified herein 
as the stress at 0.002 per cent offset. 
This offset represents approximately the 
width of the stress-strain curve drawn 
by the recorder, and the proportional 
limit is calculated from the load at the 
point where the curve leaves the modu- 
lus line. 

In determining reduction of area, the 


=f Tentative Methods for Estimating the Average Grain 
Size of Wrought Copper and Copper-Base Alloys 
(E 79 - 49 T), 1949 Book of A.S.T.M. Standards, Part 2, 


p. 1086. 
5 1949 Book of A.S.T.M. Standards, Part 2, p. 993. 
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original thickness, original width, and 
final thickness were measured by mi- 
crometer, while the final width was de- 
termined microscopically. The value ob- 
tained is, at best, an estimate because of 
the difficulty in accurately obtaining the 
minimum final cross-sectional area. 

The elongation in 0.2 in. was also 
measured microscopically. Lines perpen- 
dicular to the longitudinal axis of the 
specimen were scribed 0.2 in. apart over 
a 2-in. gage length. Determinations were 
made over the 0.2-in. gage length con- 
taining the fracture, while the elongation 
in 2 in. was taken on the same specimen. 
To determine elongations over other gage 
lengths, several specimens were scribed 
with lines 0.1 in. apart, and special tests 
were also conducted on similar material 
with gage lengths up to 10 in. 

The 90-deg. cold-bend test utilizing a 
punch-and-die set-up has been described 
in detail elsewhere (1, 2, 3). Sheared speci- 
mens, 3 by 2 in., were removed from test 
strips at 0, 45, and 90 deg. to the direc- 
tion of rolling. Unclamped specimens 
were then bent by a sharp, 90-deg. V- 
groove die and a series of 90-deg. punches 
having sharp, os, vs, 32, 3, 32; 
te, 32, and }-in. radii. Since only rela- 
tively light gage stock was tested, a hand- 
operated punch was employed. To deter- 
mine the effect of punch speed, a series 
of tests was made; however, no varia- 
tions in formability or springback were 
encountered over a fairly wide speed 
range. 

In this study, two end points were 
used to evaluate forming characteristics: 
(1) the minimum punch radius without 
cracking and (2) the minimum punch 
radius without an “orange peel’ effect. 
A specimen of reduced formability will 
crack when formed over too sharp a 
radius. This tendency decreases as the 
punch radius is increased, until only 


orange peel can be observed. Further in- 
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TABLE II.--TEST RESULTS. 


| 
| 


g | Punch Yield Strength, psi Elongation, | & 
<= - a7 ° 3 
3 we oe per cent per cent per cent} 3+ (99 jn.20in., | 

2 | | So & = Offset | Offset | Strain | | 
SoLUTION-TREATED Strip (ConpiTion A) 
o.cos 0.090 | | S | S |—10 | 61200 | s2 | ... 

0.008 0.035 0 -9 60 300 73 54 |11.80 
0.010 0.030 0 —7 64 200 75 52 |10.48 
0.013 0.035 0 —7 62 600 1 55 |11.33 
0.020 |0.035 0 64500 18500 23100 30400 31500 80 89 56 \12.14 | 0.36 
0.025 0.010 0 —7 69100 26600 29400 35100 37000 82 84 48 12.43 | 0.43 
0.025 0 -7 63.500 17900 22000 31100 32900 87 88 53 |12.51 | 0.34 
0.045 0 Ss Ss —8 63 200 19700 | 23200 | 31200 32600 86 86 55 12.76 0.37 
0.120 0 Ss bs —5 556000 15200 19 200 28600 30200 90 86 57 12.66 0.35 
0.030 (0.040 0 Ss bs) -4 62200 16400 19800 29600 31300 93 90 56 |12.65 0.32 
0.040 0.040 | Ss -7 63900 17900 21700 30000 31500 95 96 56 \12.99 0.34 
Quarter Harp Strip (CONDITION H) 
| — | 
0.005 0.030 0 Ss Ss |—S | 74400 | ‘ 26 16 | 5.95 | 
6.008 0.025 0 S | —8 | 78700 50 | 26 | 6.65 
0.010 |0.025 0 S$ | -8 | 79300 | 27 | 7.38 
0.013 \0.025 0 Ss Ss —6 77 700 53 20 6.88 
0.016 \9.035 0 s ) -7 83100 52700 62800 | 78400 78 100 45 55 17 6.74 | 0.76 
0.020 |0.035 0 Ss —6 83500 | 56900 65700 79100 78800 45 66 18 7.35 | 0.79 
0.023 0.010 0 Ss Ss —6 82700 59500 64900 70600 70600 53 56 25 | 9.18 | 0.78 
0.025 0 Ss Ss —5§ 79200 54100 61300 71900 71700 53 59 21 8.02 | 0.77 
0.045 0 —4 75300 53900 59700 66700 66900 67 71 30 8.46 | 0.79 
0.120 0 Ss S —6 78600 53400 59 200 68 600 «668000 «38 57 19 8.75 | 0.75 
0.025 |0.025 0 -4 83800 58100 66700 78300 77700 Si 56 20 7.86 | 0.80 
0.032 (0.030 0 Ss 76800 45900 52100 66900 67900, 62 72 30 8.98 | 0.68 
0.036 |0.025 0 S S 1 76600 41800 47900 64500 63400 64 65 27 «| «9.96 | 0.63 
0.042 0.025 0 3 73700 41600 48200 63600 62800 80 8&3 28 9.70 0.65 
Hater Harp Strip (Conpition H) 
= ] | | 
o.os lo.03s| | s | S |-7 | 77600 23 | 9 |s.19| ... 
45 Ss 
90 5 82 000 32 10 ean 
0.008 0.035 | 1 80300 | 13 | 5.33]... 
45 2 | 
90 Ss Vey 3 79 600 ; 45 15 ‘ 
0.010 0.035 | 0 | S | % | 1 | 88100 36 | 13 | 5.44 
45 | 2 | 
9 | S | te | 5 | 93100 | 
0.015 |0.030 0 Ss 2 &8 500 42 146.10 
45 | 2 
90 Mey 3 500 47 16 
0.020 (0.015 | 0 | S | | © | 79600 54200 | 62500 72300 72100) 60 60 | 24 | 7.76 | 0.78 
90 Ss | 2 
0.025 0 Ss % | 6 | 90100 68400 | 76100 | 88 300 | 83700 43 48 12 | 5.99 | 0.84 
45 Ss Sey 6 | 
Ss 6 92100 59400 68900 87100 87 100 42 51 il 0.75 
0 | S | % s | 92000 68900 74100 81300 81600 39 46 | 15 | 7-12 0.90 
45 5 
| 5 86 800 50200 60600 84400 81500 50 50 14 0.70 
0.045 0; S | %& 8 81 300 | 56100 700 76500 75600 45 50 20 7.56 0.76 
as | S | % 8 
90 So 9 | 
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TABLE IL—TEST RESULTS.—Continued. 
| Radius, | Yield Strength, psi. percent | | 
—E | 2s in. ¢ | #3 
om E "4 = 
3 | 2 |atoor| ato2|atos |58| | in | 
e is € |. 3 percent percent percent 99 in. 2.0 in | 
| & Sa & | Offset | Offset Strain | | 3s 
Har Harp Strip (Conpirion 14 H)—Continued 
0.1200! 0 | S | % 4 | 75500) 60000 | 65300 | 70600 70500, 31 | 28 | 15 | 6.39 0.88 
45 S | \% 4 | 
90 5 
0.025 0.030 | 0 S | M 4 89 400 | 58100 | 66 800 | 87200 84000) 39 | 46 9 | 6.88 | 0.75 
45 
90 Ss 36 12 95000 62700 | 72400 | 93900) 88500, 39 56 10 | 0.76 
| 
0.030 |0.025 | 0 3% 7 | 83500 50500 | 60100 | 79600 76000; 39 | 60 | 19 | 7.86 | 0.72 
45 S | % 8 
90 9 | 
0.045 | 0 | S % | 10 | 90.600 61900 | 70300 | 88900 85400 38 | 41 | 12 | 6.46 | 0.78 
| 45 | | 12 | 
0 | S | % | 14 | 96000 59100 | 67500 | 93900 98500 44 | 52 | 12 \° 70 
0.036 0.025 | 0 s | xs s | 91600 36400 | 65900 | 84900; 82800) 41 | 55 | 15 | 7.64 | 0.72 
45 Ss 8 | 
90 $s | % 9 | 94600 s4.800 | 65700 | 93 100 83700) 40 | 49 | 12 0.69 
| 
0.08) 0 | S | % | 7 | 83200 | 46800 | 54000 | 77700) 75200) 53 | 67 | 20 | 8.29 | 0.65 
|} 4 | \% 8 | | 
9 |S 0 | | | 
| 
0.042 (0.028; © | S | % 2 | 92000 54200 | 64400 | 89400, 78400) 44 | 54 | 13 ios 0.70 
| 45 Ss 7 | 
| 90 S | 8 | 
0.045 | 0 s ie 4 | 82900) 51700 | 61900 | 80800 75900) 58 | 66 | 20 “8.08 0.75 
45 
| S | | 9 | 85400 | 48900 | 57100 | 81800] 76300) s8 55 | 17 | (0.67 
Harp Srrip (Conpit10on H) 
0.005 |o.025 | 0 | S | | 13 | 110000 1s | 1.5| 3.72 
| 90 My lo 
0.008 0.030 0 S | % 6 | 106 800 | | 8 2 | 4.03 | 
45 S | 
90 | % | % | 22 | 112400 | 18 5 
0.010 \0.025 | 0 S | 7 | 110 400 | 14 4 | 4.58 
| 45 S | 4% | 13 | 
90 “6 17 
0.012 0.030 | 0 4 1114700) ... 14 2 | 4.19 
45 | % | Me | 14 | 
| 90 | % | 3% | 26 |122900| ... 22 
0.016 jo.01s | 0 s | | 8 | 111100) 88800 | 99500 110700 102400) 19 32 4 | 5.41 | 0.90 
| 45 s | % | 44 
| 90 le 3% 16 
0.025 | 0 | S | tw | 10 111 800 | 82 100 | 96 600 |111400 92600; 7 | If 3 | 4.74 | 0.87 
45 | @ | 17 
90 | | | 22 | 115900 | 73400 | 81700 | 109500 101 400 | 21 32 6 | 0.71 
| | | 
0.035 S | %& 7 |109 200 | 78400 | 87000 | 107900; 89600| ... | ... | ... | 0.73.| 0.80 
as | % | | 14 | | 
0 | % 17 | | 
0.045 0 | S 13 | 102100 79100 | 86700 102700101600 25 4 | 5.29 | 0.85 
|} 45 | S | 36 | «14 
90 | % | % | 17 | 
0.120 0 S | % | 13 | 94100 | 72200 | 80500 | 90900, 90300) 11 | 20 3 | 5.49 | 0.86 
| 45 S | % | 12 
0 | S | % | 13 | | 


(Continued on page 1090) 
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= | |per cent per cent per cent) 5 + | 
|waled 2] 2 S52 Ofiset | Strain | in-20in| | 
Zz | < = = n | 4 
Harp Srrip (Conpition H)—Continued 
0.020 (0.035 0 Ss 33 | 12 109 500 73000 82700 108600 93 600 5S | 16 2 5.14 | 0.76 
45 1 
90 22 
0.023 |0.035 0 101 100 | 74.900 | 85 300 | 100700 | 91300 24 35 7 3.85 0.84 
45 | | 15 
90 le 3 | 18 104900 59800 73800 104100 94800 31 44 9 0.70 
0.027 \0.035 0 s 2 | 10 106100 70900 81500 105100 91000 20 31 5 5.51 | 0.77 
45 16 
90 Ye 20 112100 64400 74600 110200 96800 26 38 7 0.67 
0.032 |0.035 0 . 4 | 9 92700 60900 70800 90600 85200 37 66 13 6.72 | 0.76 
45 4 | 
| 90 Ss ie | 14 97100 58600 | 66700 94100 82800 S51 64 12 0.69 
0.040 (0.025 0 | 8 108 600 77500 86500 | 107500 92900 29 48 7 7.11 0.80 
| 45 2 12 
| 90 3m le 16 §6112 500 60400 72100 109500 91700 22 43 7 0.64 
0.045 0 s 36 11 105 200 71800 82600 103700 81500 19 39 6 6.36 0.79 
45 15 
90 | 17 | 110100 63300 §=©75600 108800 94300 38 56 9 0.69 
*S = sharp. 


creases in punch radius will lessen the 
tendency to produce orange peel. 

Following bending, specimens were in- 
spected with and without the aid of a 
microscope set to a magnification of 
6.5X. Although orange peel frequently 
causes an objectionable appearance, 
Shanley (13) has reported, in the case of 
aluminum, that bending to the smallest 
possible radius does not adversely affect 
the fatigue properties if the material has 
not been cracked by the forming process. 

Springback was also determined from 
these tests. The angle of the formed 
specimen was transferred to paper by an 
ink impression and measured. Springback 
is the difference between the measured 
angle and 90 deg. For angles over 90 
deg., the springback is considered posi- 
tive; for angles less than 90 deg., nega- 
tive. 


4 Test Data 


s a Table II gives the test results for vari- 


ous tempers and includes bend test, 


springback, tensile and ductility data for 
various thicknesses, grain sizes and 
angles with rolling direction. Since each 
combination of nominal thickness and 
grain size shown includes from one to 
three lots of material, listed values are 
the averages of two to eight tests. For 
solution-treated and quarter hard tem- 
pers, results are listed for only one direc- 
tion, since no directional effects were 
found. In the case of the other tempers, 
the omission of tensile results for speci- 
mens 90 deg. to the direction of rolling 
indicates that the strip was insufficiently 
wide for transverse specimens. Stress- 
strain and reduction-of-area determina- 
tions were not made on light gage stock. 

The yield strength at 0.01 per cent 
offset is employed in determining the 
ratio of yield strength to tensile strength, 
since for hard strip the 0.2 per cent offset 
is frequently located at the same stress 
level as the ultimate. This latter condi- 
tion would give a ratio of one, indicating 
no plastic deformation. 
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Table III gives a summary of tension 
test results for strip of 0.025 to 0.045 
mm. grain size. For comparison, tensile 
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ured by elongation is shown in Fig. 3. 
Because of the extreme length (10 in.) 


Gage length versus ductility as meas- 


TABLE III.—SUMMARY OF TENSION TEST RESULTS FOR STRIP OF 0.025-0.045 MM. GRAIN SIZE. 


Solution- Quarter 
a Treated Hard Half Hard Hard 
Angle with Rolling Direction, deg. 0 0 0 90 0 
Tensile strength, psi... ... 63 400 78 500 85 800 89 400 106 800 111 000 
Proportional limit (0.002 per cent offset), psi. 18 100 50 600 57 300 55 800 74 300 
Yield strength, psi. (0.01 per cent offset)...... 22 000 58 100 65 500 65 400 84 400 
(0.2 per cent offset)....... 30 500 71 200 83 500 89 000 104 200 
(0.5 per cent strain)...... 32 000 70 900 79 900 85 900 91 000 
Ratio, yield strength to tensile strength....... 0.35 0.73 0.76 0.71 0.80 
Reduction of area, per cent..............+.... 88 58 44 46 20 
Elongation, per cent (in 0.2 in.).............. 81 59 48 48 27 
52 23 15 13 5 
A.S.T.M. (B 194 - 49 T) | 
Tensile strength, psi....................--..| 80.000 max. | 73000 min. | 80000 min. | 95 000 min. 
Elongation in 2.0 in., per cent.............. 35 min 10min. | 5 min. | 2 min. 
' 
| T 
Angle with rolling 4 
= 
90 
$ 
68 
oO 
c 
=) 
a 
E 
= he 
= 
Shar; 
Po 0.010 0.020 0.030 0.040 0050 


strength and elongation values according 
to A.S.T.M. Specification B 194-49 TS 
are included. 

The effect of stock thickness upon 
bending properties is presented graph- 
ically in Figs. 1 and 2. Since the curves 
in Figs. 1 and 2 are drawn through the 
extremes, points on the curves are not 
average values but actually approach the 
minimum forming radius from the safe 


side. 


Stock Thickness, in. 
Fic. 1.—Minimum Forming Radii for Beryllium Copper Strip Rolled Half Hard. 


of the specimens, it was possible to con- 
duct only longitudinal tests. 

Figures 4 and 5 illustrate the influence 
of punch radius and strip thickness upon 
springback. Springback data included in 
Table IT result from measuring bend-test 
specimens used in determining the mini- 
mum punch radius without orange peel; 
consequently, the values shown apply 
only for the punch radii listed in the 
“‘without orange peel” column. The addi- 
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tional data included in Figs. 4and5 were shown in Fig. 8, while Fig. 9 illustrates ( 
obtained by measuring springback at the influence of stock thickness upon ( 
various punch radii up to } in. elongation and reduction of area. 
1 
Angle with rolling 
direction, deg. 
45 te 
* 4 3 
x 
x 
- gin’ 
E 
° 
4 
ae 0.010 0.020 0.030 0040 0.050 
Stock Thickness, in. ; 


Fic. 2.—Minimum Forming Radii for Beryllium Copper Strip Rolled Hard, 
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10 
Gage Length, in. 7 
Fic. 3.—The Elongation of Beryllium Copper Strip 0.040 in. Thick of Various Gage Lengths. 
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Figures 6 and 7 plot depth of cup in DiscussIon oF DATA 
the Erichsen test against stock thickness Formability: 
and grain size. The effect of grain size As indicated in Table II, solution 


upon miscellaneous tensile properties is treated and quarter hard strip up to 


| 


0.040 in. thick can be cold formed to a 
90-deg. bend around a sharp radius with- 
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out cracking or exhibiting orange peel. 


Although not listed in the tables, bend 


Fic. 5.—The Effect of Punch Radius upon Springback in Beryllium Copper 0.020 in. Thick Strip. 
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springback testing. 


linear relationship between minimum 


ionality during tension, elongation, or 


Figure 1 shows that there is a fairly 


60 
Hard 
Half Hard 

40 = 
Quarter Hard 
8 ° | > 
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Solution Treated 


| 
7 0 20 30 40 50 
Punch Radius 
Strip Thickness 
Fic. 4.—Springback of Beryllium Copper Strip. 
1 
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30 > 
> 
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Hard Hard 
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Punch R 


tests were conducted at 45 and 90 deg. 
as well as 0 deg. to the direction of roll- 
ing; however, no decrease in formability 
was noted. This was to be expected, since 
of these tempers revealed direc- 


neither 


adius, deg. 


punch radius and stock thickness for 
half hard strip. The small degree of di- 
rectionality revealed in bending this tem- 
per is confirmed by the slight increase in 


tensile strength listed for transverse 
a: 
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specimens in Table III. Considerably with increased grain size, the results for 
greater directionality is apparent in the _ the hard temper reveal no definite trend, 


14 
| | » Solution 
Treated 
Quarter 
€ Hard 
Half 
T Hard ~ 
Hard 
a 
ao 
a 
r= 
0.010 0.020 0.030 0040 0.050 


Stock Thickness, in. 
Fic. 6.—Erichsen Cup Test Values for Beryllium Copper Strip. 


14 
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12 om Solution Treated 
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E 10 — 
8 Quarter Hard 
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6 Half Hard 
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‘Si 


0.020 0040 0060 0080 90.100 0.120 


Grain Size,mm. 


Fic. 7 —The Effect of Grain Size upon Erichsen Values for Beryllium Copper Strip. 


Solution Treated—0.025 in. 4% Hard—0.023 in. 
Hard—0.020 in. Hard—0. 016 in. 


ray 


hard temper as evidenced by Fig. 2 and_ except that directionality is apparently 
Table III. Although half hard material not a factor in larger grain sizes. ‘ 
shows a definite decrease in formability On the basis of tests conducted, no 
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simple relationship was found correlating test results reveal better formability in 
bend-test results with tension and cup _ the longitudinal direction. 


120 000 


100 000 


Holf Hard 


Quarter Hard 


Solution Treated 


Half Hard 


Quarter Hard 


Offset, psi. 


lution Treated 


Hard 


|Half Hard 


Quarter Hard 


Solution Treated 


Proportional Limit, psi 7 
i< 


¢- 


0.040 0.060 0.080 0.120 
or” 


Grain Size, mm 

s Fic. 8.—The Effect of Grain Size upon Tensile Properties of Beryllium Copper Strip. 

tests. According to Table III, the hard During the tension testing of half hard 
temper offers substantially higher reduc- and hard material, orange peel was first 
tion of area and elongation over 0.2- and observed at the ultimate load and be- 
2-in. gage lengths for transverse than for came more pronounced as the load 
longitudinal specimens; however, bend dropped to the breaking point. For mate- 
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rial of average grain size, orange peel was 
limited to the vicinity of the fracture and 
extended about 0.2 in. on either side of 
the fracture, roughly the length of the 
necked portion of the specimen. On the 
basis of this observation, it is possible to 
conclude that the elongation at the ulti- 
mate load approximates the elongation 
required to withstand bending without 
orange peel. This type is generally con- 
sidered as uniform elongation as opposed 
to local elongation which occurs during 


basis for correlation found between 
punch radius and elongation over short 
gage lengths observed for aluminum al- 
loys (5, 13, 14). This approach to evaluat- 
ing bending characteristics through elon- 
gation, however, apparently does not 
apply for the beryllium copper strip 
tested. 

Figure 3 suggests that a greater vari- 
ation in formability should be expected 
for bending without orange peel than 
without cracking, on account of the wider 


T 


Reduction of Areo 


4 


/ Elongation, 0.2 in. gage length 


| 


60 


2.0 in. gage length 


0.010 0.020 


necking. Although uniform elongation 
was not measured directly in this inves- 
tigation, the elongation over 2 in. ap- 
proximates the uniform elongation for 
the hard and half hard tempers accord- 
ing to Fig. 3; however, the test results, 
as previously indicated, show no corre- 
lation between formability and elonga- 
tion over 2 in. 

In a similar manner, elongations over 
short gage lengths should serve as a cri- 
terion for the minimum forming radius 
without cracking, since this takes into 
account localized elongation between the 
ultimate and breaking loads. This is the 


Strip Thickness, in. 
Fic. 9.—The Effect of Strip Thickness upon the Ductility of Solution-Treated Beryllium Copper Strip 


0.030 0.040 


variation in elongation found for 2-in. 
gage length as compared to elongation 
over 0.2 in. for the several tempers tested. 
The bend-test data confirm this assump- 
tion, since hard material requires a 
greater punch radius than half hard, 
while solution-treated and quarter hard 
stock can be bent sharp without orange 
peel. On the other hand, the slight dif- 
ferences found in elongation over short 
gage lengths permit longitudinal speci- 
mens in all tempers to be formed to a 
sharp bend. The assumption that the 
13-fold increase in elongation resulting 
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from the decrease in gage length from 2 
to 0.1 in. alone makes it possible to form 
hatd material to a sharp bend is not 
valid. As shown in Table III, the trans- 
verse elongation of 0.2-in. gage length is 
greater than the longitudinal; however, 
the material cracks when bent sharp in 
the transverse direction. 

Attempts to correlate bend-test results 
with Erichsen values or the ratio of yield 
strength to tensile strength were unsuc- 
cessful. A low ratio of yield strength to 
tensile strength may indicate a relatively 
large capacity for plastic deformation, 
and this relationship is found to hold in 


TABLE IV.—MINIMUM RADII FOR FORMING 


90-DEG. BENDS IN BERYLLIUM COPPER STRIP. 
For Heat-Treatable Material up to 0.040 in. Thick. 


7 i Ratio, Punch Radius to Stock 
Thickness 
ae Without Without 


Orange Peel Cracking 


Angle with Rolling 
Direction, deg. 0 | 45 


Solution-treated...... 0 0 0 0 0 0 
Quarter hard......... 0 0 0 0 0 0 
3.0 | 3.5 | 4.0 0 
4.5 | 6.0 7.5] 0 


a general way, since the ratio increases 
with increasing temper. This agrees with 
similar tests on aluminum alloys by 
» Templin (15), in which no reliable corre- 
lation was found between Erichsen values 


1. and tension or bending test values. 
n Table IV summarizes the bending 
d. characteristics of the several tempers 


tested in various directions with respect 
to the rolling direction. These data are 
d based on the minimum punch radius for 
forming a 90-deg. bend and apply for 
strip up to 0.040 in. thick. For con- 


= venience, formability is expressed as the 
all ratio of punch radius to stock thickness. 
ort Springback of bend test specimens was 


Cl- found to offer a reasonably accurate and 


» a sensitive index of forming and directional 
the properties, as shown by Figs. 4 and 5. 
ing For a given thickness, springback in- 
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creases with temper, punch radius and, 
in the case of harder tempers, with an 
increase in the angle with the direction 
of rolling. For a given punch radius, 
springback decreases with an increase in 
stock thickness. 

Although Erichsen cup test values do 
not provide an accurate means for pre- 
dicting formability, the results obtained 
reveal a fairly consistent increase in cup 
depth with an increase in stock thickness, 
as shown in Fig. 6. The effect of grain 
size upon the depth of cup (Fig. 7) is 
rather inconsistent, probably due to the 
relatively small number of grain sizes 
tested. It is apparent, however, that best 
results are attained with the smallest 
grain sizes, except in the case of solu- 
tion-treated material. 

vob 
Tensile Studies: 


Tension tests were included in this 
project to determine anisotropic behavior 
and correlate tensile elongation with 
formability. Stress-strain curves were 
drawn, where possible, to obtain propor- 
tional limit and yield strength values. 
Results are summarized in Table ITI. 

Directionality was checked by testing 
longitudinal and transverse specimens. 
Directional properties are apparently not 
a factor in solution-treated or quarter 
hard strip, since no significant differences 
were observed in tensile, elongation, or 
reduction-of-area values for specimens 
tested 0 or 90 deg. with respect to the 
rolling direction. This agrees with the 
results of bend and springback tests. 

For half hard material, transverse 
specimens show a definite increase in 
tensile strength and yield strengths at 
0.2 per cent offset and 0.5 per cent strain, 
a slight decrease in proportional limit, 
yield strength at 0.01 per cent offset, 
and yield strength —tensile strength ratio, 
and no appreciable change in elongation 
or reduction of area. These results tend 
to coincide with the slight directionality 
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noted in bend and springback tests for 
this temper. 

More pronounced directional charac- 
teristics are found in strip rolled hard. 
Tensile strength and yield strengths at 
0.2 per cent offset and 0.5 per cent strain 
show a slight increase in the transverse 
direction, while elongation and reduction 
of area show a substantial (40 to 60 per 
cent) increase in this same direction. On 
the other hand, proportional limit, yield 
strength at 0.01 per cent offset, and yield 
strength — tensile strength ratio are con- 
siderably lower for transverse specimens. 
Here again, the directionality indicated 
by tension tests agrees closely with bend 
and springback results. 

Apparently the directional properties 
of various copper alloys differ, although 
Gohn and Arnold (7) found that for 8 
numbers hard silicon bronze and phos- 
phor bronze transverse specimens give 
higher tensile strength and elongation 
with some loss of proportional limit. For 
many other copper alloys, the higher 
tensile strength in the transverse direc- 
tion is accompanied by increased pro- 
portional limit and decreased elongation. 

Figure 8, which plots tensile properties 
against grain size, indicates that an in- 
crease in grain size causes a drop in 
tensile strength, proportional limit, and 
yield strength. This decrease is more pro- 
nounced for the hard temper than for 
the others. 

The limitations of tensile elongation 
as an indication of formability are well 
recognized. In a manner similar to other 
materials, the elongation of beryllium 
copper is greatly affected by the dimen- 
sions of the test specimen. Figure 9 shows 
that elongation and reduction of area 
fall off rapidly with a decrease in speci- 
men thickness. At the same time a de- 
crease in gage length causes an increase 
in elongation, particularly when gage 
lengths are less than 1 in. 
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SUMMARY AND 


Tests have been conducted to correlate 
the forming characteristics of beryllium 
copper strip with the results of conven- 
tional tension, elongation and Erichsen 
cup testing. Minimum safe forming radii 
for forming a 90-deg. bend were obtained 
by a direct method employing a punch- 
and-die set-up. The effects of temper, 
stock thickness, grain size, and grain 
direction upon formability, tensile 
strength, proportiona] limit, yield 
strength, elongation, reduction of area, 
and Erichsen values were determined. 

The following conclusions can be 
drawn from this work: 

1. Solution-treated and quarter hard 
beryllium copper strip can be bent sharp 
to a 90-deg. angle without cracking or 
displaying an orange peel effect. 

2. Half hard and hard tempers can be 
bent to a 90-deg. angle without orange 
peel or cracking around moderate punch 
radii. The minimum forming radius 
varies directly with stock thickness. 

3. No simple correlation was found 
relating formability with usual inspection 
or acceptance tests. 

4. Directionality is absent from an- 
nealed and quarter hard material, slight 
in half hard strip and considerable in 
hard stock, as evidenced by bend and 
tension tests, elongation and springback. 

5. Material having a relatively fine- 
grained structure offers the best combina- 
tion of formability and tensile properties. 
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Mr. T. F. Oxr.—Will all the ma- 
terial you tested harden up to approxi- 
mately the same level after the aging 
treatment? 


TABLE V.—EFFECT OF GRAIN SIZE ON as 
PROPERTIES OF STRIP 0.010 IN. THIC 


Solution- Age-Hardened 

ee x, Treated (A) (AT) 
0.010 | 0.040 0.010 0.040 
oar: ; mm. | mm. | mm. mm. 


Grain | Grain | Grain | Grain 
Size | Size Size Size 


Tensile Strength, psi. . . | 69 300 | 59 300 | 173 900 | 160 300 
Elongation in 2 in., per 


29.5 | 40.0 5.5 1.5 


tion-treated (A) and solution-treated and 
precipitation-hardened (AT) conditions. 
This table indicates that a small grain 
size produces higher strength both before 
and after aging; however, a small grain 
size gives a lower elongation prior to 
aging and a higher elongation following 
aging. 

In the case of directionality, a more 
complex situation results from precipita- 
tion hardening, as indicated in Table 
VI for 0.022-in. thick strip of 0.025 mm. 
grain size rolled hard (condition H). For 
specimens tested prior to aging, the ten- 


TABLE VI.—EFFECT OF ROLLING DIRECTION ON TENSILE PROPERTIES OF STRIP 0.022 IN. THICK. 


Hard (H) Age-Hardened (HT) 
Angle with Rolling Direction, GO niiscncannnieeasta 45 90 0 45 90 
111500 | 113300 | 118000 | 203300 | 207800 | 214 400 
Proportional tie 0.002 per cent offset, vom. ERE ve? 77 600 63 200 54 100 148 700 193 900 | 196 500 
Y ield Strength, 0.2 per cent offset, psi.. ..ss..| 108600 | 100900 | 102900 | 193500 | 207800 | 214400 
Elongation in 2 in., per cent............... 4.0 4.3 6.0 2.5 1.7 1.3 


Mr. J.T. RicHarps (author’s closure).— 
The effect of precipitation hardening upon 
the variations in tensile properties result- 
ing from directionality and different grain 
sizes is shown in the accompanying 
Tables V and VI. Values given are the 
averages for three tension tests. 

Table V shows the influence of grain 
size on tensile strength and elongation 
for 0.010-in. thick strip in both the solu- 


! Director, Research Laboratories, Armco Steel Corp., 
Middletown, Ohio. 


sile strength and elongation increase and 
the proportional limit and yield strength 
decrease for an increase in the angle with 
the rolling direction. Following precipi- 
tation hardening (condition HT) an in- 
crease in the angle with the rolling direc- 
tion produces higher tensile strength, 
proportional limit, and yield strength 
with lower elongation. 

Further investigations of the effect of 
precipitation hardening on directionality 
are in progress and will be reported at a 
later date. 
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Prior to World War II, the metals 
that were used at high temperatures 
under stress were iron-, nickel-, and 
cobalt-base alloys. However, when the 
United States entered the war in Decem- 
ber, 1941, better alloys were needed to 
withstand greater loads at higher tem- 
peratures—for example, for turbine 
blades rotating in an oxidizing atmos- 
phere at temperatures up to 1600 F. 
(870 C.). The strongest high-temper- 
ature alloys available were cobalt-base 
materials. However, at that time cobalt 
was not plentiful, since most of it was 
imported and very little of it was stock- 
piled. Furthermore, the chances of 
improving the iron-, nickel-, or cobalt- 
base alloys to keep up with the develop- 
ment of gas turbines were not too good. 
Thus, one of the problems facing the 
metallurgist was how to make a better 
heat-resistant alloy without using cobalt. 

In March, 1942, the War Metallurgy 
Committee of the National Defense 
Research Committee asked the Climax 
Molybdenum Co. to look into this 
problem. The investigators at Climax 
studied the chromium-rich regions of 
13 binary and 9 ternary chromium alloy 
systems. Chromium-iron base alloys 
containing molybdenum, tungsten, or 
tantalum had the best combination of 
strength and ductility at 1600 F. and 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

1 Assistant Research "1 Firth Sterling Steel and 
Carbide Corp., McKees; 

2 Supervising Met we hig “Battelle Memorial Inst., 
Columbus, Ohio. 
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CHROMIUM-BASE ALLOYS* 


By W. L. Havexortte,! C. T. GREENIDGE,? AND H. C. Cross? 


of shock resistance at room temperature. 
The Climax results* indicated that the 
most promising alloys for gas-turbine 
blades were the chromium-iron-molyb- 
denum ternary alloys ranging in compo- 
sition between 60 per cent chromium, 
15 per cent iron, 25 per cent molybdenum 
and 60 per cent chromium, 25 per cent 
iron, and 15 per cent molybdenum. At 
this stage of development in September, 
1945, the Office of Naval Research, 
Navy Department, sponsored a project 
at Battelle Memorial Inst. on “Alloys 
and Ceramics for High-Temperature 
Service.” One phase of this project was 
a further study of chromium-base alloys. 
This program was aimed at obtaining 
chromium-base alloys with better com- 
binations of strength and ductility than 
the Climax alloys had shown. In this 
program, it was proposed that the 
effects of improving the melting and 
casting technique, the effects of modify- 
ing the chemical composition slightly, 
and the effect of using various heat 
treatments be investigated. This paper 
is a condensed version of the final 
report‘ which summarized the results of 
research conducted at Battelle during 
the period from October, 1945, through 
March, 1950, on chromium-base alloys, 
particularly the 60Cr - 15Fe - 25Mo type 
alloy. 


* Robert M. Parke and Frederick P. Bens, ‘‘Chromium- 
Base Alloys,’”’ Symposium on Materials for Gas Turbines, 
p. 86, Am. Soc. Testing Mats. (1946). (Symposium issued 
as separate publication, STP No. 68.) 

and C. T. Greenidge, ‘‘Chromium- 

Base Alloys, ” Final Report dated March 31, 1950, to 

Office of Naval Research, Department of the Navy (Con- 
tract NSori-111). 
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On CHROMIUM-BASE ALLOYS © 


MELTING AND CASTING APPARATUS 


Several methods for preparing the 
chromium-base alloys were considered. 
From an examination of the various 
methods, it appeared that vacuum melt- 
ing and casting was the most promising 
technique for producing chromium-base 
alloys of high quality and in the quantity 
' desired for experimental work. Further- 
more, a portion of the vacuum-melting 
and casting equipment at Climax was 
available for this study. Consequently, 
the Climax vacuum-melting and casting 
method was adopted and an apparatus 
similar to the Climax unit was designed 
and built. (A number of alloys were 
melted at atmospheric pressure under a 
protective slag covering. This method of 
preparing alloys is discussed more fully 
later in the paper.) Figure 1 shows the 
melting, casting, and vacuum equip- 
ment. Figure 2 is a cross-section of the 
melting furnace. 

The melting equipment consists of a 


beryllia crucible of 34-lb. capacity held 
in the center of a 26-in.-long Vycor tube 
by insulating material. The induction 
coil is connected to an Ajax-Northrup 


35-kw. spark-gap converter (approxi- 
mately 30,000 cycles). The crucible is 
wrapped with a sheet of molybdenum. 
This sheet, heated by the induced 
current, heats the crucible uniformly 
and melts the charge without difficulty 
from bridging. A disadvantage of using 
a full-length molybdenum sheet heater 
is that the molten metal remains rela- 
tively quiet instead of being contin- 
uously stirred, as is the case when the 
charge is heated directly by induction. 
The use of a 4in.-high molybdenum 
sheet heater around the top half of the 
beryllia crucible prevented bridging of 
the charge and allowed some stirring of 
the melt. 

Beryllia crucibles have shown an 
average life of 4 to 6 melts and a maxi- 
mum life of 15 melts. inal satisfactory 
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performance of beryllia in this appli- 
cation is attributed to its high thermal 
conductivity, good thermal-shock re- 
sistance, and freedom from an allotropic 
transformation. 

Measurements of the melt temperature 
were made using an optical pyrometer. 
This was sighted through a hole at the 
top of the furnace that was normally 
closed by an easily removable steel ball. 
The steel ball protected the glass view- 
ing plate from metal spatter and fumes 
and permitted an accurate reading of 
the melt temperature. The 60Cr - 15Fe - 
25Mo type alloy melts at about 3050 F. 
and is tapped at 3250 to 3400 F. Tem- 
peratures in the range of 3750 to 3800 F. 
have been obtained with this unit. 

A late alloy addition can be introduced 
into the melt through a rubber tube, 
suspended above and to one side of the 
top of the furnace. Late additions of 
aluminum, manganese, titanium, zir- 
conium, silver, tungsten, boron, and 
selenium were made in this manner. 

After each heat is poured, the furnace 
and casting chambers must be opened 


‘so that the mold may be replaced, the 


crucible recharged, and the stopper 
reset in the base of the crucible. The 
system must then be re-evacuated be- 
fore melting can start. 

With the above-described set-up, a 
heat is tapped from the crucible by 
withdrawing a zirconia-ball stopper plug, 
which seals the hole in the bottom of the 
crucible, and allowing the molten metal 
to run out under the force of gravity. 
The zirconia plug is held in place by a 
molybdenum stopper rod (Fig. 2). This 
rod, actuated by a solenoid to which it is 
attached, is pulled down and away from 
the hole, and the alloy flows into the 
mold. The pressure at the time of 
tapping was usually below 8 u of mer- 
cury. 

The mold designs and materials were 
changed as the work meen so as to 
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improve the soundness and the grain 
structure of the castings. Heats were 
tapped into copper molds with round- 
cornered-square, and two- and three- 
winged cavities, all tapered; into cast 
iron molds with round and two-winged 
tapered cavities, and with copper stools; 
and into stainless steel and zircon 
_ refractory two-wing tapered molds. Pro- 
gressive changes in mold design and in 
materials almost entirely eliminated 
_ microporosity in the winged sections of 
the castings. The design of a typical 


mold is shown in Fig. 3. One creep- 


rupture bar was obtained from each 
wing section of the casting made in this 
mold. The center portion of the casting 
acted as a feeding section for the wings 
during solidification. A refractory com- 
bination funnel and hot top was placed 
on the top of the mold to assist in 
pouring and feeding the casting. 

The vacuum equipment used and 
shown in Fig. 1 is described below. 

Connected in series to the top of the 
melting unit were a Mc-500 Distillation 
Products Co. oil-diffusion pump, and a 
Kinney No. 8810 mechanical pump with 
a capacity of 110 cu. ft. per min. Con- 
nected in series to one side of the casting 
chamber were a Mc-500 Distillation 
Products Co. oil-diffusion pump, and a 
_ Kinney No. 556 mechanical pump with 
a capacity of 13 cu. ft. per min. Two 
Stokes-McLeod gages, one Phillips gage, 
and five thermocouple gages were used 
to measure the pressure at different 
parts of the system. 
helium-probe, 


mass-spectrometer 


leak detector was used for locating the 


_ leaks in the vacuum equipment. After 
the system was made practically leak 
free, the rate of inleakage and the 

- pumping speed of the equipment were 

_ determined. Tests showed that the 

rate of inleakage for this system was 

approximately 1.6 uw liters per sec. at 
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equipment (Fig. 4) was determined using 
the method described by Dayton. 
The test dome, used only for determining 
pumping speeds for the vacuum-melting 
equipment, can be seen in Fig. 1 
Preparatory to melting, the test dome 
was replaced by the head which con- 
tained a viewing window and equipment 
for making late alloy additions. 


PREPARATION OF TEST MATERIALS 
Melting and Casting in Vacuum: 


The melting stock generally con- 
sisted either of low-carbon (under 0.10 
per cent), low-nitrogen (under 0.10 
per cent), ferrochromium (70 per cent 
chromium), low-carbon (0.04 per cent), 
low-nitrogen (0.011 per cent), fused- 
chromium metal (99.2 per cent chro- 
mium), molybdenum powder, and carbon; 
or of electrolytic chromium, electrolytic 
iron or Puron,’ molybdenum powder 
and carbon. When the carbon content of 
the casting was to be less than 0.05 
per cent, the latter type of charge was 
used. It was found advisable to add the 
molybdenum as powder to the bottom 
two-thirds of the charge. Otherwise, 
during evacuation of the apparatus, 
there was a tendency for some of the 
powder to be pulled out of the charge. 

Several melting procedures were used. 
The procedure stated below was found 
to be the most satisfactory: 


1. Heat the charge (power input 10 to 14 kw.) 
to about 2600 F. in about 45 min. 

2. Continue to heat (power input 18 kw.) un- 
til the charge is molten and the temperature of 
the melt is 3400 to 3450 F. 

3. Maintain the temperature of the alloy at 
3400 to 3450 F. for 5 min. 

4. Decrease the temperature of the alloy to 
about 3275 to 3325 F. 


5. After the alloy has been molten for 30 
min., tap the heat. 


5B. B. Dayton, ‘“‘Measurement and Comparison of 
Pumping ” Industrial and Engineering Chemistry, 
Vol. 40, May, 1948, p. 795. 

“ER uurity iron supplied by Westinghouse Electric 
Corp. 
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On CHRomtumM-BASE ALLOYS 


In general, when the alloy was cast 
into zircon refractory molds, the casting 
was cooled slowly in the mold to room 
temperature. When metal molds were 
used, the castings were removed from 
the molds 20 min. after tapping, heated 
to 1200 F. and held at temperature for 
3 hr., and then furnace-cooled to room 
temperature. These treatments reduced 
the tendency for the castings to crack. 
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mixes for precision casting chromium- 
base alloys as turbine blades. Air melting 
is more rapid than vacuum melting and, 
consequently, expedited the evaluation 
of the investment materials. 

Tests were conducted on the casting 
of the 60Cr-15Fe-25Mo type alloy 
in refractory molds prepared using 
most of the commercially available 
investments (refractories and binders). 
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PRESSURE, MICRONS OF MERCURY 
Fic. 4.—Pumping Speed Curve for Vacuum-Melting Furnace. 


Cooling to room temperature in metal 
molds resulted in cracking. 


Melting and Casting at 
Pressure: 


Atmospheric 


A number of chromium-base alloy 
heats were induction melted at atmos- 
pheric pressure in magnesia crucibles 
under slags containing 40 per cent lime, 
50 per cent alumina, 10 per cent mag- 
nesia. These alloys were prepared to 
test the suitability of various investment 


The melting stock for meits under slag 
generally consisted of low-carbon, low- 
nitrogen fused chromium metal, elec- 
trolytic iron or Puron, molybdenum bar 
stock, and carbon. Most of these alloys 
were deoxidized with 0.1 per cent cal- 
cium added as calcium silicide. Carbon 
was not an efficient deoxidizer for air- 
melted alloys. All of the carbon added to 
the charge was recovered in the casting. 
Castings with smooth surfaces were not 
obtained. Zircon-base (zirconium sili- 
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Standards, Part 1, p. 1271, 


cate) or beryllia-base investments might 
be satisfactory if used with a binder 
which did not react with the molten 
metal. However, such a binder was not 
found. 

Tests were also made at the Works 
Laboratory of the General Electric 
Co., and at the Mercast Corp. on casting 
the 60Cr-15Fe-25Mo type alloy in 
the form of TG-190 turbine blades in 
zircon-base investment molds. Mercast’ 
used the frozen-mercury-pattern process 
in preparing the molds. The tests con- 
ducted there produced the first chro- 
mium-base alloy blades that did not 
crack on cooling to room temperature. 
The A.S.T.M. grain size* of the alloy 
near the leading edges of the blades was 
No. 6 to 7. The surface finish on these 
blades was fair but not good enough 
to satisfy present-day requirements. 
However, the blades were smoother than 
any prepared previously. It is suspected 
that, because of the high pouring 


temperature of the chromium-base alloy, 


the molten metal reacted with the in- 
vestment binder and this reaction pro- 
duced rough surfaces on the castings. 

On several occasions the air-melted 
alloy was also poured into copper or 
refractory molds to prepare creep-rup- 
ture bars. These alloys were not so 
strong as those prepared by vacuum 
melting and casting, but their per- 
formance was encouraging. 

Two melting procedures were tried to 
determine the amount of nitrogen picked 
up during melting. When the major 
portion of the charge was added to the 
melting crucible and the slag was 
placed on top of the cold charge, the 
cast metal had a high nitrogen content, 
averaging about 0.34 per cent. The 
nitrogen content of the alloy was about 
the same when no slag was used. When 


7 Herbert Chase and Leslie Schakenback, ‘“‘New Pre- 
cision Casting Process Provides Better Finish and Closer 
Tolerances,’ Materials & Methods, March, 1949, p. 52. 

8 Standard Classification of Austenite Grain Size in 
Steels, A.S.T.M. Designation (E 19-46), 1949 Book of 
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low-carbon, high-nitrogen ferrochromium 
was charged without using a slag cover- 
ing, the nitrogen content of the cast- 
ing was 0.83 per cent. When chromium 
and molybdenum were added gradu- 
ally to a pool of molten iron with the 
slag covering the metal at all times, 
the resultant ingot had a much lower 
nitrogen content, averaging 0.056 per 
cent. This was only slightly higher than 
the nitrogen content of a similar alloy 
prepared in the vacuum apparatus. 

Although most of the chromium-base 
alloy heats were prepared by vacuum 
melting, enough heats were melted in 
air under a slag to indicate that air 
melting might be developed into a com- 
mercial method of producing these 
alloys. This would be important in an 
emergency, because there probably 
would not be enough vacuum equip- 
ment to produce chromium-base alloys 
on a large scale. 


Chemical Composition: 


Most of the alloys discussed here 
are of the 60Cr-15Fe-25Mo type, 
with and without 2 per cent titanium. 
The chemical compositions for these 
alloys are listed in Table I. Also in- 
dicated are the compositions of the 
60Cr-15Fe-25Mo type alloy made 
with additions of silver, tantalum, beryl- 
lium, nitrogen, tungsten, and boron. 

To study the effects of composition 
variations, several alloys were prepared 
with chromium contents ranging from 
54 to 68 per cent, various combinations 
of iron and molybdenum, and a constant 
titanium content of 2 per cent. These 
alloys showed no improvement in 1600 
F. rupture properties over those of the 
60Cr-15Fe-25Mo type alloy. Sub- 
stitution of manganese, cobalt, or nickel 
for iron, and of tungsten for molybdenum 
was also tried. The addition of man- 
ganese was beneficial in promoting 
consistency in creep-rupture properties 
at 1600 F. The cobalt- and nickel-bearing 
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TABLE I.—CHEMICAL COMPOSITIONS AND MELTING DATA. 


Chemical Composition, per cent® Melting Data 
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2 The values in parentheses refer to intended and not actual compositions. 
_Alloy was melted at atmospheric pressure under slag. 
Nore.—Unless noted to the contrary, the alloys were melted in vacuum. 


| | | 
ain 
| Molyb-! ze 
Chro- | Car- | Sili- |Nitro- 
mium | Tron | bon con | gen Oxygen 
5 | 23.0] 0,12 | 0.51 | 0.034] 0.022 1.63 58 | 3 6 to7 
A-4062........ 8 | 25.5] 0.06} 0.57] 0.022} 0.010 250 | 3 0 to1 
A-4083........ 9} 25.5] 0.07 | 0.58 | 0.030} 0.007 32 | 3 80 3 
A-4084........ 7| 25.1 | 0.07 | 0.55 | 0.018] 0.007 20 | 3 3 
24.4 3 | 0.56 | 0.024] 0.010 45 | 3 3 to4 
23.1 0.51 | 0.056} 0.024 1.81 is | 3 5 to 6 
5| 24. 0.62 | 0.043} 0.012 1.94 3 
2 24. 0.61 | 0.041] 0.012 1.80 128 3 80 |3to4 
3| 0.59 | 0.037] 0.017 1.70 158 | 3 4 
.....-. 9} 23. 0.62 | 0.056] 0.017 1.93 125 | 3 4 
= q 
A-4251, 143 | 3 3to4 
A-4277°... 80 | 3to4 
A-4566. . 3 37 | 3 7 
A-4567....... 47 | 3 4 + 
200 | 3 5 
A-4569?...... 4to5 te 
A-4685.. . 333 | 3 80 | 2to3 
A-5153.... 162 | 3 6 > 
A-5305° . 4 
A-5307°. . .. | 3300 80 4 
327 | 3350 80 4 
3 | 3410 | 1200 5 

11 | 3410 | 1200 3 
A-S819.. .. 6 | 3420 | 1200 3 is 
A-S820....... 3400 | 1200 |4toS 
3420 | 900 |3to4 
3410 | 600 | 4to5 
420 | 300 |Sto6 
A-5840....... 3100 | 600 5 | 
3420 | 1200 0 
A-5843. | 58 3410 | 600 1 
A-5844. . 3420 80 1 
A-5845. . 3400 | 1200 | —1 
A-5846 * ...| 35 3420 | 600 | —2 
A-S847............1 60.9] 14 3420 | 80 | —2 

3400 | 1200 2 
57.3 | 14 3420 | 600 | 2to3 
A-6078.... 59.4] 14 3280 80 4 
A-6079.. .. 61.4 | 14 3250 | 80 |2to3 
3310 |} 4 to 5 
3300 3 
3110 80 | 3to5 
A-6088 . . . 58.9 3310 2to4 
A-6089. . . 3250 4 to 5 
A-6090.... 5: 3260 3 to4 
A-6091.... 3280 | 4 to 5 
A-6092... 5 3260 go | . 
A-6093". . . 58 3240 0 
| 3200 0 
3140 | 
A-6096. . .. 1 | 3320 | 
| 80 | 3toS5 
... | 3280 0 to2 
A-6402 1 | 3270 3to5 
4 1 | 3290 80 | 3to4 
B ee 1 
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alloys were so hard and brittle that 
tests bars could not be ground. Tungsten 
refined the grain size slightly; however, 
the tungsten-bearing alloys broke on 
loading. 
Up to 4 per cent of vanadium or 
columbium was added to replace 
titanium in the 58Cr-15Fe-25Mo- 
_-2Ti type alloy. Vanadium had no effect 
on the rupture properties. The addition 
of columbium resulted in a slight grain 


_ bearing alloys were made, chromium- 
_ base alloys with an A.S.T.M. grain size 
_ of No. 2 or larger usually yielded poor 
creep-rupture properties. Consequently, 
the columbium-bearing alloys were not 


The addition of manganese plus 
- titanium to the 60Cr - 15Fe - 25Mo type 


the casting. Creep-rupture bars of the 
alloys broke on loading. 


‘Test S pecimens: 


7 In preparing test specimens, coupons 
were removed from the castings by 
_ means of a cut-off wheel and ground to 
‘size. Because of the poor machinability 
of the 60Cr - 15Fe - 25Mo type alloy, it 
was expedient to prepare the test 
specimens by grinding. Since this alloy 
_ cracks readily, the specimens were cut 

- and ground with care. 
ie Creep-rupture bars were taken from 
the wing sections of the castings. These 
were 3 in. in over-all length, having 
$-in.-diameter threaded ends, }-in.- 
_ diameter reduced sections, and 1-in.- 
long gage lengths. Before testing, the 
bars were examined for flaws by the 

Zyglo test. 

Alloys for bend and impact testing 


mold contained seven bars, each of which 
tapered from by in. to } by } in. 
ae. 3} in. Bend-test specimens, 3 in. 
long by 0.31 in. wide by 0.2 in. thick, 


and impact specimens 2.15 in. long by 


bars. 

In the study of the aging character- 
istics of this alloy, specimens approxi- 
mately $ in. square by 3 in. thick were 
taken from the sprue sections of the 
castings. The specimens were heat 
treated in air and Vickers hardness 
measurements (10-kg. load) were made. 

For the oxidation tests, specimens 
1.00 in. long by 0.375 in. diameter were 
ground from the wing sections of the 
60Cr-15Fe-25Mo type alloy (heats 
A-4082 through A-4085). 

The specimens used in the thermal- 
shock tests were ground from a four-bar 
casting made in a refractory mold. 
These were wedge shaped, tapering from 
4 in. to #5 in., and 2 in. long by 1} in. 
high. 


MICROSTRUCTURE 


Metallographic examination of the 
60Cr - 15Fe - 25Mo type alloy, contain- 
ing 0.05 to 0.10 per cent carbon and 
less than about 0.05 per cent of nitrogen, 
indicated that the following three phases 
were present?: 

1. Chromium-rich solid solution. This 
is the matrix phase and has a body- 
centered-cubic lattice. 

2. As-cast and precipitated carbides. 
These are identical and are a complex 
face-centered-cubic Mo3C¢-type carbide, 
indicated by X-ray data to be (Cr, 
Mo)3Cs. The block-sample focusing- 
camera method and the powder-dif- 
fraction method on aggregate specimens 
and on electrolytically separated resi- 
dues were used in identifying the carbide. 
The carbide formed during casting is 
located chiefly at the grain boundaries, 
while a small amount is found within 
the grains. The carbide appears to be the 
lowest melting-point constituent found 


*J. P. Hammond, ‘“‘An Investigation of the Micro- 
constituents in Chromium-Base, Chromium-Iron-Molyb- 
denum Alloys and Their Behavior with Heat Treatment.” 
Doctorate dissertation on file at Battelle Memorial Insti- 
tute and the Engineering School of Yale University 
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(d) Cast, Stress-Relieved, and Solution-Treated at 2500 F, 
for 50 hr. 


~ . » 


(6) Cast, Stress-Relieved, and Aged at 1600 F. for 96 hr. (e) Cast, Stress-Relieved, Solution-Treated, and Aged 
at 1600 F. for 96 hr. 


- 


(c) Cast, Stress-Relieved, and Aged at 1800 F. for 96 hr. (f) Cast, Stress-Relieved, Solution-Treated, and Aged 
at 1800 F. for 96 hr. 
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(a) 58Cr - 15Fe - 25Mo - 2Ti-0.13C Alloy. Cast and (b) 58Cr - 15Fe - 25Mo - 2Ti - 0.13C Alloy. Creep-Rupture 
Stress Relieved (X 500). Bar Tested at 1600 F. and 38,000 psi. for 760 hr. (X 500). 


(c) 60Cr - 15Fe - 25Mo - 0.05C Alloy. Creep-Rupture Bar (d) 60Cr - 15Fe - 25Mo - 0.05C Alloy. Heated at 2700 F. 
Tested at 1600 F. and 30,000 psi. for 1441 hr. (xX 1000). for 3hr. (X 100). 


Fic. 6.—Microstructures of Chromium-Base Alloys 
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in this alloy. There are indications that 
it melts at temperatures above 2500 F. 
The precipitated carbide is found in 
specimens aged at 1600 or 1800 F. 
It appears as a very fine precipitate 
adjacent to the grain boundaries and in 
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per cent carbon. This manifests itself 
in a finely dispersed form. 

Figures 5 and 6 illustrate typical 
structures of the chromium-base alloys. 
All specimens were electrolytically etched 
in a solution of 100 ml. alcohol, 20 


the interstices of the dendrites. On ml. nitric acid, and 20 ml. ethylene 

60000 

58 Cr-I5Fe-25Mo-2Ti TYPE ALLOY | | | 
PAA ASL (STELUTE NO 3! 
Se 

| 
3 15000 60 Cr-I5 Fe-25Mo TYPE ALLOY 
w 
: | 
3 | 
(000 . . 4 6 8 
“ CREEP RATE, PER CENT PER HR., LOG SCALE 
Ww T T 
= | | Fe-25 Mo-2Ti TYPE ALLOY 

ALLOY 
| STELLITE N No 31 

10 100 1000 10000 


RUPTURE TIME, 
Fic. 7—Rupture-Time and Creep-Rate Data for Chromium-Base Alloys Tested at 1600 F. 


long-time aging at 1600 or 1800 F., the 
precipitate coalesces into large particles. 

3. Sigma phase. This is identical with 
the sigma phase found in chromium-iron 
binary alloys; X-ray studies show it 
to be isomorphic with the FeCr inter- 
metallic compound of the chromium-iron 
binary system. Sigma forms as massive 
particles next to the as-cast carbide. 
Sigma appears in the microstructure of 
the 60Cr - 15Fe - 25Mo type alloy heated 
at 1600 or 1800 F. and in the as-cast 
structure of this type of alloy containing 
2 per cent titanium. 

In alloys containing per cent 
titanium, face-centered-cubic titanium 
carbide and a solid solution, composed 
of this carbide and titanium nitride, 
were observed. 

According to Hammond? a constituent 
of undetermined composition, “‘Z” phase, 
is found in an alloy containing 0.01 


HR. LOG SCALE 


glycol. The phases present in amounts 
large enough to be seen in the micro- 
graphs are identified as follows: 


Kry PHASE 

Chromium-rich solid solution 
As-cast MosCe-type carbide 

Precipated Mo3Ce-type carbide 
Sigma 

Solid solution of titanium carbide 


and titanium nitride 


The dark areas at the grain boundaries 
in Fig. 5(a) have a eutectic structure, 
which at 1000 magnification cannot be 
positively identified. The two constitu- 
ents are thought to be solid solution 
and carbide. The eutectic structure is 
not always observed in this type of 
alloy; the reason for its presence or 
absence is not known. The black particles 
shown in Fig. 5(d) are oxide inclusions; 
the oxygen was picked up superficially 
during the solution treatment. Figure 
6(d) reveals melting of the Mo3C.-type 
carbide at the grain boundaries. —_- 
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TABLE IIL.—CREEP-RUPTURE RESULTS FOR CHROMIUM-BASE ALLOYS AT 1600 AND 1800 F. 
Creep-Rupture Data 
AS.T.M j 
Speci Grain | peinimeum Hours for Total Deforma- 
pecimen Number | El _ | Reduc- 
Size Stress, | Rupture tion of 4 nS 
Number psi. , Time, hr. thon, t Area, Rate, per 
per cent | per cent “ee 1 per cent] 2 per cent! 5 per cent 
Testep at 1600 F 
6to7 20 000 1416+ 0.8 0.00014 
A-4254-2°...........| 3to4 30000 | 1654+ 0.00012 1400 
adesteceves 6 33 000 1613 3.2 Nil 0.00045 90 1350 
3 38 000 864 1.3 0.8 0.0007 300 
A-4257-1*...........] 3to4 38 000 721 1.6 1.6 0.0010 230 
A-4254-1°...........] 3004 38 000 761 2.4 2.4 0.0007 160 
— + 38 000 808 2.4 2.6 0.0016 160 548 
[aa + 000 1587 1.6 1.6 0.0010 230 1090 
6to7 38 000 428 a8 3.2 0.0045 53 219 
1 40 000 15 0.8 Nil 
1 40 000 25 1.6 Nil 
,*  * ee 2 40 000 537 0.8 Nil 0.0019 275 
2to3 40 000 793 1.6 0.9 0.0013 400 
A-4276-1°? 3 40 000 124 1.5 1.6 0.005 wee 
. 3to4 40 000 246 3.1 1.6 0.0045 54 216 
A-4277-1%*. P 3to4 40 000 396 2.3 2.1 0.0026 61 325 
A-G905-1%...... 0000 4 40 000 79 1.6 Nil 0.008 
co) —=E as 4 40 000 120 1.6 0.8 0.010 54 
(8 eae 4 40 000 196 1.6 0.8 0.0035 67 ay 
4 40 000 1022 3.3 2.3 0.002 60 428 
A-4567-19%) 4 40 000 1764 1.6 1.0 0.0006 520 
BARA... 220253 4to5 40 000 445 2.4 Nil 0.002 87 
A-4568-1% 5 40 000 748 0.0009 350 
pk err. 7 40 000 1025 4.0 4.8 0.0027 70 285 
F006 45 000 150 2.3 3.2 | 0.012 23 78 
Testep at 1800 F, 
-2 25 000 2.1 
—2 25 000 2.6 3.1 2.4 
-1 25 000 1.8 1.6 a 
0 25 000 2.9 0.8 Nil 
1 25 000 21.6 3.3 Nil ° a 
1 25 000 21.7 4.0 0.8 é 
2to3 25 000 11.8 9.6 8.0 
2to3 25 000 22.4 8.1 8.0 
3 25 000 99.1 5.6 6.3 0.0195 45 72 ae 
3 25 000 132.4 4.1 4.0 0.0086 73 104 ee 
3to4 25 000 186 10.2 8.8 0.016 46 91 152 
+ 25 000 100.3 4.8 1.6 
4 25 000 103.3 6.4 6.3 0.017 51 72 ‘ 
4to5 25 000 53 1.6 1.2 
4to5 25 000 88.7 6.4 4.0 0.024 30 52 g 
4to5 25 000 108.9 5.6 4.8 0.019 36 71 ~ 

* 58Cr - 15Fe - 25Mo - 2Ti type alloy. 

** 60Cr - 15Fe - 25Mo type _ 

* Alloy was melted at atmospheric pressure under a slag. 

Specimen was solution treated for 50 hr. at 2400 F. and then aged for 96 hr. at 1600 F. 

© Adapter threads failed at 1315 hr. Specimen was reloaded with another adapter and tested to rupture. 

4 Adapter threads failed at 748 hr. Specimen was broken during reassembly. 

* Casting cooled to room temperature in the mold. 2 : 

Nore 1.—Unless noted to the contrary, the alloys were melted in vacuum. é 
| Nore 2.—Unless noted to the contrary, the specimens were stress relieved at 1200 F. : : 
| 
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MECHANICAL AND PHYSICAL PROPERTIES 
Creep-Rupture Data: 


Chromium-base alloys were tested in 
creep rupture at either 1600 or 1800 F. 
To minimize premature breaking of the 
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are shown in Table II and Fig. 7. 
The properties for a cobalt-base alloy, 
designated as X-40 or Stellite No. 31, 
are also shown in Fig. 7. 

All of the alloys were tested at 1600 F. 
in the cast and stress-relieved condition, 
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ASTM GRAIN SIZE NUMBER 
Fic. 8.—Grain Size versus Rupture Time for Chromium-Base Alloys at 1600 and 1800 F. 


bars during application of the load, the 
following procedure was generally used: 
Each specimen was heated to temper- 
ature in the test unit, loaded to about 
two-thirds of the test stress for approxi- 
mately 1 hr., and then loaded to the 
test stress. 

The creep-rupture properties for some 
of the alloys tested at 1600 and 1800 F. 


except for Heats A-4567 and A-4568. 
These two heats were solution treated 
for 50 hr. in purified argon at 2500 F., 
air-cooled to room temperature, aged for 
96 hr. in purified argon at 1600 F., 
and furnace-cooled to room temper- 
ature. The 1800 F. tests were made on 
alloys either as-cast or cast and stress- 
relieved. 
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As illustrated in Fig. 7, the 100-hr. 
rupture strengths of the best 60Cr- 
15Fe - 25Mo and 58Cr - 15Fe - 25Mo - 

2 ri type alloys at 1600 F. are 44,000 
and 55,000 psi., respectively. These val- 
ues are superior to the 1600 F. rupture 


contained 2.01 per cent titanium and 
was in the solution-treated and aged 
condition. 

In general, the ductility of the 60Cr - 
15Fe - 25Mo type alioy was low. In the 
rupture tests at 1600 F., the elongation 


TABLE III.—BEND-TEST RESULTS FOR CHROMIUM-BASE ALLOYS. 


A.S.T.M. Grain Size 


Maximum Bending 
Number*® 


Deflection, 


Remarks 


Stress, psi. 


Max. 


Min. Max. Min. 


Errect or CARBON CONTENT 


0.01% C 5 
0.03% C 4 to 
0.05% C 3 
0 3 

5 


0.16% 


5 


2 
4to5 


Errect or TEMPERATURE 


Mold Temperature = 1200 F. 
Mold Temperature = 900F. 
Mold Temperature = 600 F. 
Mold Temperature = 300 F. 


Errect or AtLtoy ADDITIONS 


5 
4 
5 


were 

RRR 

ZAZZZZ 
~ 


ez 


4 
3to4 


wn 


Rue 


* 58Cr - 15Fe - 25Mo - 2Ti type alloy. 
** 60Cr - 15Fe - 25Mo type all 


* The maximum and minimum re S.T.M. grain size numbers are for individual bars from the same heat. They do 
not represent a range of grain sizes for any one bar from the heat. : 2 
‘ he maximum and minimum values for deflection and bending stress were not yams on bars having the maxi- 


- mum and minimum grain size numbers. 


© Alloy melted at atmospheric pressure. All other alloys were melted in vacuum. 


Nore.—The castings were tested in the as-cast condition. 


strength for Stellite No. 31, one of the 


cobalt-base alloys (21,000 psi.). 
‘The addition of titanium to the 
— 60Cr - 15Fe - 25Mo type alloy markedly 
refined the grain structure and im- 
proved the rupture strength. The 22 

bars which showed the longest rupture 

times at 1600 F. contained 1.63 to 2.13 

per cent titanium. The strongest bar 

‘o &. 4567 - 1) gave a rupture time of 1764 
at hr. at 1600 F. and 40,000 psi.; this 


values for this alloy were 
1 to 5 per cent, as compared with 5 to 
14 per cent for the 60Cr - 25Fe - 15Mo 
type alloy. The ductility values for the 
latter material compare favorably with 
those for one of the strongest cobalt-base 
alloys (designated as Stellite No. 31 
or X-40). 

Seven bars which had been tested at 
1600 F. and 38,000 to 45,000 psi. for 
various periods of time were analyzed for 


| 


~ 


ni 
or 
ge 
38 
T 
ce 
(] 
: SS, sink 0.0063 | 0.0050 | 126000 | 92 100 
0.0035 | 0.0017 | 60400 | 45700 rn 
0.0025 | 0.0015 | 50400 | 34900 
| 2-205 | 9.0020 | 63.200 | 42 000 (" 
ABBE 0.0038 | 0.0035 | 73500 | 58700 Bs 
Ss 0.0038 | 0.0035 | 73500 | 58 700 
0.0036 0.0022 | 65800 | 50000 1 
7 A-5822*......... 0.0037 | 0.0027 | 68500 | 50200 
0.0051 | 0.0033 | 70800 | 63 300 
lr 
‘ 
| 2.2068 | 0.0058 100 500 | 87000 
0.0065 | 0.0087 | 106800 | 81 800 
A-6091**. 4 0.0059 | 0.0047 | 101200 | 73500 
A-6092**.. sae 0.0024 | 0.0016 | 40400 | 31600 g 
A-6087**. 3 0.0054 | 0.0040 | 87400 | 66100 il 
2 0.0048 | 0.0040 | 84100 | 58500 
= A-6093%**. 0 0.0043 | 0.0024 | 57800 | 41400 ( 
A-6094°*¢ a. 0 0.0031 | 0.0024 | 44100 | 38900 
way 0.0043 |. 0.0027 70300 | 47 100 
- A-6096**¢ a 3 0.0055 | 0.0045 | 87800 | 71700 
— A-6099%#¢ a 3 0.0040 | 0.0032 | 64500 | 54800 
0 0.0043 | 0.0022 | 65200 | 35 500 
oe 3 0.0079 | 0.0058 | 122800 | 88 000 
I 
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nitrogen. It was found that a bar which 
originally contained 0.05 per cent nitro- 
gen picked up 0.07 per cent nitrogen in 
38 hr. and 0.24 per cent in 1590 hr. 
The relationship between nitrogen pick- 
up and time of test was linear. 

The addition of approximately 2 per 
cent titanium to the 60Cr - 15Fe - 25Mo 
type alloy not only increased the rupture 
time at 1600 F. and 40,000 psi., but 
decreased the minimum creep rate 
(Fig. 7). 


Sixteen bars were tested in creep — 
rupture at 1800 F. and 25,000 psi. 
(Table II). Some of these bars showed 


outstanding rupture times of 100 hr. 
or more at 25,000 psi. 

The creep-rupture data obtained at 
1600 and 1800 F. were examined to 
ascertain the reasons for the variations 
in the rupture times of bars having 
similar analyses. The only variable that 
showed an effect on rupture life was 
grain size. The rupture time generally 
increased with decreasing grain size 
(Fig. 8). 

Metallographic examination of the 
rupture bars, after testing at 1600 or 
1800 F., revealed transcrystalline frac- 
tures. The type of fracture will be 
discussed in more detail later. 1 


Since chromium-base alloy bars broken 
at room temperature, 1600 F., and 1800 
F. showed transcrystalline fractures, the 
equicohesive temperature for this ma- 
terial appears to be above 1800 F. 
Therefore, an improvement in the duc- 
tility of chromium-base alloys at room 
temperature should be reflected in an 
improvement in ductility at 1600 and 
1800 F. Accordingly, the factors which 
influence the ductility at room temper- 
ature were investigated using room- 
temperature bend tests. 

Seventy-eight chromium-base alloy 


Bend-Test Data: 


1115 
heats were prepared for this study. 
The bend-test results for a few of these 
heats are recorded in Table III. 

The maximum and minimum values 
for maximum bending stress (in tension), 
deflections, and A.S.T.M. grain size 
numbers are shown in Table III for five 
or six bars from each of several heats. 
Maximum bending stress was calculated 
from the breaking load by using the 
following relationship: 


“= 

ig 

where: 

S = maximum bending stress (in ten- 
sion) in the outer fiber at time 
of fracture, psi., 

= breaking load, \b., 

distance between knife-edge sup- 
ports (2 in.). 

specimen width (approximately 
0.20 in.), and 

specimen thickness 
mately 0.32 in.). 


(approxi- 


The values for deflection were obtained 
with a comparator micrometer mounted 
on the Amsler testing machine. The 
recorded values were measured at the 
50-lb. load increment closest to the load 
at failure. 

An analysis of all the data showed that 
only two of the variables, grain size and 
oxygen content, appeared to be related 
to maximum bending stress. These 
relationships are illustrated in Fig. 9. 

The maximum bending stress tended 
to vary inversely as the logarithm of the 
grain size or directly as the A.S.T.M. 
grain size number. The maximum and 
minimum grain sizes given in Table 
III are those of individual bars from any 
given heat and do not represent a range 
of grain sizes in any one bar. Grain 
sizes were determined by examining the 
bars metallographically and comparing 
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Fic. 9.—Grain Size versus Maximum Bending Stress (in Tension) at Room Temperature for 
Chromium-Base Alloys. 
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grain-size charts. Large and small grains 
did not occur in the same sample. The 
estimated grain size sometimes appeared 
to lie between two adjacent A.S.T.M. 
numbers. When this occurred, the sizes 
were shown as a range, for example, 
3 to 4. For the sake of simplicity, in 
Fig. 9, points for such grain-size ratings 
were plotted midway between the two 
adjacent grain size numbers. 
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precipitate microscopically on slip planes 
and impede deformation. 

The room-temperature ductility for 
the best chromium-base alloy tested to 
date was compared with the values for 
one of the less ductile ferrous alloys, 
cast iron, and one of the least ductile of 
the cobalt-base alloys, Stellite No. 21 
aged at 1350 F. for 50 hr. The load- 
deflection curve for Stellite No. 21 
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Fic. 10.—Stress-Strain Curve for 60Cr - 15Fe - 25Mo-0.06W Alloy in Bending at Room 


Temperature. 


For any particular grain size, the 
maximum bending stress tended to 
increase with an increase in the oxygen 
content of the alloy. An exact relation- 
ship between the two was not estab- 
lished. The oxygen content which seemed 
to separate the data into the two zones 
shown in Fig. 9 is approximately 0.06 
per cent. It is difficult to visualize how 
a high residual oxygen content in itself 
produced an increase in shock resistance. 
A high oxygen content (0.06 to 0.28 
per cent) may simply have insured a 
low carbon content in the alloy. When 
the amount of carbon exceeds the limit 
of solubility, the ae particles may 


showed that considerable plastic de- 
formation occurred during testing; the 
curve for cast iron was nearly linear, 
indicating only a small amount of 
plastic deformation. With one exception, 
which will be discussed later, the plots 
for all of the chromium-base alloys 
tested were straight lines, which indi- 
cated that the specimens had deformed 
elastically but not plastically. The area 
under the curve for the chromium-base © 
alloy was approximately the same as 
that for the cast iron. From this ob- 
servation, it appears that the work re- 
quired to break chromium-base alloys 
is of the same order of magnitude as that 
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to break cast iron. The area under the 


curve for aged Stellite No. 21 was about . 


40 times that for the chromium-base 
alloy. 

Nine chromium-base alloy bars were 
loaded to point of fracture with SR-4 
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Charpy bars of the 58Cr - 15Fe - Z5Mo - 
2Ti type alloy, as cast, were tested in 
impact at five temperatures. The bars 
were heated to slightly above the test 
temperature, held for 30 min., and 
tested. The energies required to break 
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strain gages attached to the side stressed 
in tension. The use of SR-4 strain gages 
permits measuring small amounts of 
plastic deformation that would not be 
detected with a comparator micrometer. 
Only one bar (from Heat A-6402) 
showed evidence of plastic deformation; 
the stress-strain curve is shown in 
Fig. 10. The amount of plastic de- 
formation is, however, very small. Metal- 
lographic examination of this bar after 
testing revealed the presence of mechani- 
cal twins, indicating plastic deformation. 
This subject is discussed more fully 


later. 


To evaluate the relative toughness 
and to determine whether a transition 
temperature existed between 1800 F. 
and room _ temperature, unnotched 


50 60 70 80 90 100 


TIME AT TEMPERATURE, HR 
Fic. 11.—Aging Curves for 60Cr - 15Fe - 25Mo Type Alloy. 


the bars at the various temperatures 


were: 


Temperature, deg. Fahr. ft-lb. 
% 
1800. . 


These data and creep- 
rupture test results in that (1) the 
58Cr - 15Fe- 25Mo-2Ti type alloy is 
shock sensitive at room temperature 
as well as at 1800 F., and (2) the alloy 
does not have a transition temperature 
below 1800 F. 

Examination of two specimens of the 
60Cr - 15Fe-25Mo type alloy by the 
X-ray diffraction method showed room- 
temperature cleavage on the (100) plane. 


Hardness Data: 


The effect of aging on the hardness 


of chromium- was investi- 
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gated. Specimens were heated in air to 
the desired temperature, held at temper- 
ature for various periods of time, and 
then cooled to room temperature. An 
average Vickers hardness value (10-kg. 
load) was determined for each specimen. 
Figure 11 summarizes the hardness- 
aging time data. 

To obtain a sufficient number of speci- 
mens for this hardness survey, it was 
necessary to use all available material 
from the castings. Hardness readings 
taken on specimens from the central 
portion of the casting may have been 
low because of unsoundness in that 
section of the casting. In a survey of six 
specimens held at temperature for 96 
hr., the hardness across the specimens 
varied more than 100 Vickers numbers. 
The curves, therefore, are only in- 
dications of the trends of the effect of 
aging at various temperatures. 

A solution-treated specimen from the 
60Cr-15Fe-25Mo type alloy had a 
hardness value of 480 Vickers. The 
microstructure of this sample consisted 
solely of chromium-rich solid solution 
(Fig. 5(d)). At this high level of hardness, 
room-temperature ductility would be 
expected to be low, but not necessarily 
practically zero. High-purity chromium 
(0.014 per cent Os, 0.009 per cent C, 
and 0.002 per cent N2) produced by the 
iodide decomposition process, on the 
other hand, has a Vickers hardness value 
of approximately 100. This chromium 
metal is hot ductile, and at low strain 
rates is cold ductile. As more is learned 
about the factors affecting the ductility 
of chromium, the chances of producing 
more ductile chromium-base alloys be- 
come greater. 


Oxidation Data: 


Bars of the 60Cr - 15Fe- 25Mo type 
alloy generally acquired thin »dherent 
oxidation films during rupture testing 
at 1600 and 1800 F. A few bars revealed 
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severe localized oxidation. To throw some 
light on the high-temperature scaling 
characteristics of the alloy, oxidation- 
corrosion tests were made under the 
following conditions: 

1. Continuous and intermittent ex- 
posure at 1600 and 1800 F. for 100 hr. 
in air saturated with water at 90 F. 

2. Continuous exposure at 1600, 1800, 
and 2000 F. for 100 hr. in a low-oxygen 
atmosphere (99 per cent nitrogen, 1 
per cent oxygen) saturated with water 
at 90 F. 

3. Continuous exposure of preoxidized 
specimens at 1600 and 1800 F. in air 
saturated with water at 90 F. Pre- 
oxidation was accomplished by heating 
at 1800 F. fc> 25 hr. in air saturated at 
90 F. with water. 

The testing procedure followed that used 
for iron-nickel-chromium heat-resistant 
alloys by Brasunas, Gow, and Harder.” 

In these tests, the appropriate at- 
mosphere was saturated with water 
at 90 F., preheated so as not to cool 
the specimens during testing, and then 
passed through the furnace at a rate of 
100 cu. cm. per minute. Specimens 
exposed intermittently to the test at- 
mosphere were cooled to room temper- 
ature once each day, wiped to remove 
loose scale, weighed, and replaced in the 
furnace maintained at the test temper- 
ature. At the conclusion of the test 
period, the specimens were cathodically 
descaled in a molten caustic salt bath at 
800 F. and water quenched. For descal- 
ing, a current of 400 amp. was used 
for 4 to 8 min., depending upon the 
adherence of the scale. After washing 
and drying, the specimens were re- 
weighed to determine the amount of 
metal lost by corrosion. From the 
weight-change data and the surface 
area, the rate of metal loss was cal- 
culated in terms of grams per square 


10 A. D. Brasunas, J. T. Gow, and O. E. Harder, ‘‘Re- 
sistance of Iron-Nickel-Chromium Alloys to Corrosion in 
Air at 1600 to 2200°F.,”’ Proceedings, Am. Soc. Testing 
Mats., Vol. 46, p. 870 (1946). opr ay 
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a are illustrated in Fig. 12. 
=degree of oxidation of 


inch per day and inches per year pene- 
_ The results of all of the oxidation tests 


the 
chromium-base alloy varied from about 
0.008 to 0.061 in. per year (penetration), 
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out that for commercial Fe -Ni- Cr 
heat-resisting alloys an oxidation rate 
of 0.05 in. per year or less indicates a 
satisfactory material for service in the 
temperature range of 1600 to 2000 F. 
and in atmospheres of these types. 
Thus, based on this standard, the 
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Iron-Nickel-Chromium Alloys. 


depending upon the exposure temper- 
ature, type of atmosphere, and condition 
of the specimen surface prior to exposure. 
The results in normal air showed that at 
1600 F. the corrosion rate for this alloy 
was five to six times as great as that of 
the commercial iron-nickel-chromium al- 
loys, and at 1800 F., three to four times 
as great. However, it should be pointed 


TEMPERATURE, DEG. FAHR 
Fic. 12.—Comparison of Oxidation Resistance of Chromium-Base Alloy With Commercial 


1600 1800 2000 


1600 1800 


60Cr - 15Fe - 25Mo type alloy merits a 
good oxidation-resistance rating. 

These tests show that for unknown 
reasons the 60Cr-15Fe-25Mo type 
alloy corrodes more readily in normal air 
at 1600 F. than at 1800 F., even when 
the alloy is prescaled prior to oxidation 
testing. The reason for the severe 
localized corrosion of occasional bars 
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during creep-rupture testing is not ob- 
vious. Possibly this localized corrosion 
results from the accelerating action of 
molybdenum oxide (MoO ;) as an oxi- 
dation catalyst at the surfaces of the 
specimens, as described by Leslie and 
Fontana." 

Other forms of surface instability, 
such as intergranular penetration or 
decarburization, were not observed in 
any of the specimens tested. 


Thermal-Shock Data: 


The resistance to thermal shock of the 
chromium-base alloy was evaluated 
under conditions simulating stator-blade 
service. Aged Stellite No. 21 specimens 
were used for comparison standards. 
Six wedge-shaped specimens from each 
material were tested. Individual speci- 
mens were heated for 15 min. at 1600 
or 1800 F., held in an air blast for 5 
min., and then examined for cracks by 
Zyglo inspection. Air was delivered at 
70 F. from a pressure tank down through 
a rectangular orifice at a velocity of 130 
ft. per sec. and at a constant pressure 
of 50 psi. Baffles were placed in the 
orifice chamber to provide uniform flow 
conditions at the exit. The specimens 
were supported so that the thin top 
edge of the specimen was $ in. below 
the orifice. 

Three specimens of each of the alloys 
showed no cracks after 25 cycles of 
rapid cooling from 1600 F. In tests using 
other specimens and temperature of 
1800 F., two of the three specimens of 
the chromium-base alloy cracked on the 
49th cycle; the remaining specimen had 
not cracked after 63 cycles. The three 
specimens of aged Stellite No. 21 did 
not crack after 65 cycles from 1800 F. 
For a material showing practically no 
room-temperature ductility, the resist- 


1! W. C. Leslie and M. G. Fontana, ‘‘Mechanism of the 
Rapid Oxidation of High-Temperature, High-Strength 
Alloys Containing Molybdenum,”’ Transactions, Am. Soc. 
Metals, Vol. 41, p. 1213 (1949). 
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ance to cracking of the chromium-base 
alloys in this thermal-shock test was 
very encouraging. 

Discussion ON MIcrocracks 

There has been considerable interest 
in the role of microcracks in brittle 
material.” “ The following discussion 
is presented to show that this type of 
defect may have been present in the 
chromium-base alloys tested. 

Griffith’ suggested that the tensile 
strength of actual solids is lower than 
that of an ideal crystal because of 
microcracks and resulting stress con- 
centrations. He assumed that a crack 
will propagate only if, for a small in- 
crease of length, the work of external 
forces will balance both the decrease in 
elastic energy around the crack and the 
increase in surface energy. On this basis, 
the stress required to propagate a 
crack (an elliptical hole of major axis 
equal to 2C) is 


2aE 


where: 
energy per unit area to form a 
new surface, 
E modulus of elasticity, 
Cc one-half the length of the crack, 
and 
K constant which depends on the 
shape of the crack. 
For polycrystalline aggregates, the 
condition for a crack to propagate 


a = 


12 Clarence Zener, “Elasticity and Anelasticity of 
Metals,’”’ The University of Chicago Press, p. 129-131 
(1948); and ‘‘The Micro-Mechanism of Fracture,”’ Frac- 
turing of Metals, Am. Soc. Metals, pp. 3-31 (1948). 

%E. Orowan, “Fracture and Strength of Solids,” 
Unclassified Atomic Energy Publication, NP-1077, 
Ministry of Supply, United Kingdom (1949), 

“A. A. Griffith, “The Phenomena of Rupture and 
Flow in Solids,” Philosophical Transactions, Royal Society 
(London) p. 163 (1920); and “Theory of Rupture,” Pre- 
ceedings, First International Congress Applied Mechanics, 
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across a grain boundary may be the 
attainment of a critical stress at the end 
of the crack. Orowan™ stated that, 
“since the stress at a given distance 
from the tip of the crack is proportional 
to the square root of its length, one 
_ would expect the brittle strength of a 
polycrystalline metal to be inversely 
proportional to the square root of the 
mean grain diameter. This was con- 
_ firmed in the case of polycrystalline 
zinc, and recently the same relationship 


150000 


number of grains — unit of area 
N, Eq. 3 can be rewritten as follows: 


The data shown in Fig. 9 were re- 
plotted in Fig. 13 on log-log scales, and 
the results are in agreement with Eq. 4. 
The individual points in Fig. 13 are the 
average values of maximum bending 
stress for a constant grain size. The 
slope for the two lines shown in Fig. 13, 
for alloys containing low and high 
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was found between the grain size and the 
brittle strength in several steels; the 
brittle strength was measured by frac- 
ture in liquid nitrogen.” This relation- 
ship is shown as follows: 


S, = experimental fracture stress, 
K, = constant, and 
D = mean grain diameter. 


Since the mean grain diameter varies 
inversely as the square root of the 
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MEAN NUMBER OF GRAINS PER SQUARE INCH AT 100X 
Fic. 13.—Number of Grains versus Maximum Bending Stress (in Tension) at Room Temperature 


oxygen contents, is 0.22. The slope of the 
line given by Eq. 4 is 0.25. The relation- 
ship between microcracks and the slopes 
of the lines in Fig. 13 indicates that the 
length of the crack and the diameter of 
grains are the same in chromium-base 
1 

alloys. On this basis, ~/W can be sub- 
stituted for the term C in Eq. 2. The 
value of stress at the time of fracture is 
indicated by 


Figure 13 shows that two values of 
stress can be obtained with one value of 
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N. The alloys with high oxygen contents 
had higher values of S than did the 
alloys with low oxygen contents. This 
condition could be explained by associat- 
ing higher values of a with alloys having 
the higher oxygen contents. The specula- 
tion as to the possible influence of oxygen 
on surface energy and the presence of 
microcracks in chromium-base alloys 
may be of interest to future investigators. 


DISCUSSION ON PLASTIC DEFORMATION 


With one exception (Fig. 10), none of 
the stress-strain or load-deflection curves 
showed signs of plastic deformation in 
bending. However, there was other 
evidence of plastic deformation in chro- 
mium-base alloys. Bent-test bars showed 
slip lines and mechanical twins in areas 
adjacent to the fractures; twin bands 
were observed adjacent to Vickers hard- 
ness indentations (Fig. 14). After frac- 
ture, slip lines were visible on the test 
bar surfaces that were stressed in ten- 
sion; this observation was facilitated by 
polishing these surfaces prior to testing. 
Slip lines were found in an alloy which 
contained 0.10 per cent carbon and 
0.012 per cent oxygen; they were noted 
in areas of the microstructure where the 
chromium-rich solid-solution matrix 
phase predominated (Fig. 14 (6)). Twins 
were observed after fracture on the ten- 
sion and compression sides of bend-test 
bars examined after testing (Fig. 14 (a)) 
and near hardness indentations (Fig. 
14 (c)). These bands were found only in 
those alloys which had high oxygen con- 
tents, approximately 0.14 to 0.27 per 
cent. Twins were not noted in areas 
where carbides were present (Fig. 14 (d)). 
Twins and slip lines were not visible in 
the same specimen. These evidences of 
plastic deformation give some hope of 
developing ductility in chromium-base 
alloys. 

Chromium-base alloy bars broken at 


room temperature, 1600 F., and 1800 F. — 


} 
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showed transcrystalline fractures. This 
type of fracture resulted even when a 
carbide network surrounded the grains. 
Therefore, the lack of ductility appears 
to result from the brittleness of the 
chromium-rich _ solid-solution matrix 
phase. 

The matrix phase in chromium-base 
alloys crystallizes with a body-centered- 
cubic structure. Chromium, iron, and 
molybdenum, the major components in 
these alloys, are body-centered-cubic 
transition elements. Tungsten and mo- 
lybdenum have been considered ductile 
metals only since they have been pro- 
duced in very pure form and worked by 
special procedures. There is no funda- 
mental reason for the lack of ductility of 
chromium. When metal of sufficient 
purity is produced, chromium, too, may 
be cold ductile. 

Lack of ductility in chromium-base 
alloys may be associated in part with the 
precipitation of some constituent. It is 
conceivable that carbides or nitrides 
might precipitate microscopically on slip 
planes. Slip is difficult in a strained 
lattice; the metal is hard and strong, and 
ductility is greatly reduced. 


CONCLUSIONS AND SUMMARY 


1. Most of the alloys studied in this 
investigation were prepared in the vac- 
uum-melting and casting apparatus. A 
sufficient number of alloys were melted 
at atmospheric pressure under a protec- 
tive slag to indicate that the air-melted 
alloys yielded mechanical properties 
which were almost as good as those of 
the vacuum-melted alloys. 

2. The 60Cr-15Fe-25Mo type alloy is 
susceptible to the formation of grinding 
cracks and must be ground with care. 

3. The effect of aging on the hardness 
of chromium-base alloys was investi- 
gated. Maximum hardness was obtained 
after 20 hr. at 1600 F. or after 100 hr. at 
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(a) Mechanical Twins in Fractured Bend-Test Specimen. Alloy Contained 
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0.01 per cent C and 0.14 per cent O2. 
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r 4. The 60Cr - 15Fe - 25Mo type alloy 
all merits a good oxidation-resistance rating 
on the basis of tests conducted at 1600, 


base alloys was found to be proportiona 
to the fourth root of the number o 
grains per unit of area. This observatior 


1800, and 2000 F. in moist air and moist, 
low-oxygen atmospheres. 

5. Several chromium-base alloy speci- 
mens had rupture times in excess of 
1000 hr. at 1600 F. and 40,000 psi., and 
in excess of 100 hr. at 1800 F. and 25,000 
psi.; these values are superior to the 
1600 and 1800 F. rupture times for 
Stellite No. 31, one of the best cobalt- 
base alloys. The rupture times for 
chromium-base alloys at 1600 and 1800 
F. increased with decreasing grain size. 

6. Chromium-base alloys are sensitive 
to mechanical shock at room temperature 
as well as at temperatures up to 1800 F. 
They show transcrystalline fractures 
when broken at room temperature, 1600, 
or 1800 F. The presence or the location 
of an excess phase in the microstructure 
did not alter the type of fracture. 

7. Thermal-shock tests were con- 
ducted on chromium-base alloy and 
aged Stellite No. 21 specimens by cooling 
rapidly from 1600 and 1800 F. Neither 
type of alloy failed after 25 cycles from 
1600 F. The aged Stellite No. 21 speci- 
mens withstood 65 cycles from 1800 F. 
Two chromium-base alloy specimens 
failed after 49 cycles from 1800 F.; the 
third specimen withstood 63 cycles 
without cracking. 

8. The room-temperature maximum 


—— bending stress (in tension) of chromium- 


lends additional support to the findings of 
Orowan"® and Griffith" as to the presence 
and effect of microcracks in brittle 
materials. 

For a constant grain size, the bending 
stress was higher for the alloys with 
oxygen contents of between 0.06 to 0.28 
per cent than for those lower in oxygen. 

9. Evidence of a limited amount of 
plastic deformation was found in chro- 
mium-base alloys; slip lines and mechan- 
ical twins were observed in fractured 
bend-test bars. In one test, the stress- 
strain curve showed evidence of plastic 
deformation. Slip lines were observed in 
alloys with high carbon contents, while 
twins were found in alloys relatively low 
in carbon. 
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Mr. J. D. Nispet' (presented in 
written form)—The authors of this 
paper are congratulated for their pioneer- 
ing effort in this new and difficult field 
of developing chromium-base alloys. 

There are several points that I 
should like to make and a few questions 
that I should like to ask concerning this 
report. 

We have reached the conclusion in our 
vacuum-melting activities at General 
Electric that alloys containing high 
quantities of an active element such as 
chromium cannot be satisfactorily air 
melted. The rough division in _per- 
centage of chromium which can be 
handled in air has been set at 30 per cent. 
Chromium, we think, can be handled 
satisfactorily if atmospheric contami- 
nation is eliminated up to a percentage 
of 60 per cent. Beyond 60 per cent, it is 
our opinion that both the atmosphere 
and the crucible reaction must be 
eliminated. Therefore, when melting 
alloys containing from 60 to 100 per 
cent chromium, it is necessary to have 
inert atmosphere arc-melting methods 
in a non-reactive, water-cooled copper 
crucible. The limits we have imposed 
upon titanium, for comparison with 
another very reactive element, are 1 
per cent maximum in air, 15 per cent 
maximum in vacuum, and of course, 
up to 100 per cent in the inert atmos- 
phere arc-melting technique. 

The chromium-base alloys studied by 
the authors of this paper were extremely 
brittle regardless of whether they were 
air melted or vacuum melted. It would 


General Electric Co., Sche- 
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nectady, N. Y. 


seem reasonable to expect that a better 
direction for studying the problem of 
brittleness in these materials would be 
to consider higher degrees of purity 
rather than the lower purity to be ex- 
pected from air melting. There is a 
second important point which makes a 
comparison of air-melted and vacuum- 
melted materials difficult when the 
comparison is made on alloys as hard 
and brittle as the chromium-base alloys 
seem to be. Such materials already 
contain large quantities of brittle second- 
ary phases; therefore, changes in the 
oxide and nitride content of such 
materials is difficult if not impractical 
to measure by a study of rupture 
strength. In contrast with this, the 
easiest way to study differences between 
air and vacuum-melted reactive alloys 
is to study solutions which contain 
only one phase; and therefore, proper- 
ties of such materials are easily changed 
by small additions of oxides and nitrides. 
I wonder about the conclusion in the 
first paragraph under “Bend Test Data” 
which states that the equicohesive 
temperature of this material appears to 
be above 1800 F. Therefore, the authors 
expect a study of room-temperature 
shock resistance to be indicative of 
ductility at 1600 to 1800 F. This seems 
to be inconsistent with the fact that 
many materials such as molybdenum 
and chromium are brittle at room 
temperature whereas they become ductile 
at some temperature far below their 
recrystallization temperature. The tran- 
sition from brittle to ductile in these 
materials is similar to the so-called 
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impact-transition temperature in steels. 
This is based on the assumption that 
the so-called equicohesive temperature 
is closely related to the recrystallization 
temperature which is known to be higher 
for these materials. One would expect, 
therefore, brittle characteristics as well 
as ductile characteristics below the so- 
called equicohesive temperature. One 
would not expect the behavior to be the 
same at room temperature and at 1600 
to 1800 F. for chromium-base alloys. 
It is also true that high low-temperature 
ductility does not assure ductile be- 
havior at high temperatures. This fact 
is well known in the study of high 
temperature materials. 

I should like to ask the following 
questions: 

1. Why was silver considered as an 
alloying ingredient? 

2. Do the authors have photomicro- 
graphs available which clarify the dif- 
ferences between the structures classi- 
fied as S, Y, and Z? 

3. Are photomicrographs available 
showing the transgranular fractures after 
rupture tests? 

4. Do the authors expect alloys rich 
in chromium and molybdenum, both 
brittle metals in fairly high purity 
form, to ever be ductile? 

5. Has any work been done at 
Battelle on the properties of the satu- 
rated solution matrix phase of the 
compositions studied without the multi- 
tude of other phases present? Is not this 
matrix brittle? 

Mr. W. D. Forcenc? (presented in 
written form)—The authors are to be 
complimented for the thoroughness of 
their experimental work and their ex- 
cellent analysis of the data. We have 
been working for a number of years with 
chromium-base alloys including those 
of the type covered in this paper and 
are able to substantiate a number of the 


2 Union Carbide and Carbon Research Laboratories, 
Inc., Niagara Falls, N. Y. 


conclusions reached by the authors. 
We have also observed that the fracture 
of these materials both at room temper- 
ature and elevated temperatures is 
always transcrystalline, and the presence 
of minor amounts of an excess phase 
appears to be without effect on the path 
of failure. 

The lack of ductility and sensitivity 
of the alloys to shock may be an in- 
herent property of the chromium-rich 
solid solution and whether increased 
purity of the chromium used in making 
the alloys will result in improved 
properties is a matter for conjecture. 
While the brittleness of the alloys may 
be associated with a visible precipitation 
of carbides or nitrides, it may also be a 
manifestation of some pre-precipitation 
stage of these constituents or of the 
sigma phase. It is possible that the 
improved shock resistance of the higher 
oxygen alloys is associated with the 
removal of carbon or nitrogen atom 
groups from sites where they might 
impede slip in the matrix. 

Mr. C. T. GREENIDGE (author’s 
closure)—We_ really do not know 
whether these alloys will be ductile 
when their purity is increased. Recent 
work at Battelle, however, has indicated 
that chromium of higher purity than 
that usually available shows some signs 
of ductility. We have compressed in- 
dividual crystals and _ polycrystalline 
pieces of iodide chromium and found 
that they will deform as much as 40 
per cent cold. This is the first concrete 
evidence we have had that purity affects 
the ductility of chromium. 

Along the same line, we have recently 
made some tests on high-purity molyb- 
denum. It also seems to be more ductile 
than molybdenum of lower purity. 

I think if we could determine what 
causes embrittlement of chromium, per- 
haps we could explain why chromium- 
base alloys are not ductile. Chromium 
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fractures in about the same manner as 
these alloys; therefore, we suspect that 
whatever makes chromium nonductile 
also makes these chromium-base alloys 
nonductile. 

The statement with reference to 
melting the alloys in air does not quite 
check our experience. We have been 
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in air. We wanted to find out whether 
this was feasible. 

Mr. W. L. Havexkorre (author's 
closure) —The authors wish to take this 
opportunity to thank Messrs. Nisbet 
and Forgeng, for their discussion. 

Silver, along with a number of other 


alloying elements, was added to the 


: 
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Fic. 15.—Microstructure of a 58Cr-20Fe-20Mo-2Ti Type Alloy in Cast and Stress-Relieved 


Condition (X 500). 


able, without difficulty, to melt in air, 
under proper slags, alloys with up to 
50 per cent of chromium. One reason 
for melting some of the alloys described 
in this paper in air was to see whether 
they could be produced by conventional 
melting techniques. Vacuum equipment 
is not plentiful in the country, so if we 
should need these alloys in quantity, 
they might have to be made by melting 


60Cr-15Fe-25Mo type alloy in an at- 
tempt to refine the grain size. The other 
elements used were aluminum, boron, 
beryllium, carbon, titanium, vanadium, 
manganese, zirconium, tungsten, sele- 
nium, tantalum, and nitrogen. Since 
the alloy does not go through an allo- 
tropic change and could not be hot or 
cold worked to obtain grain refinement, 
a decrease in grain size could be ob- 
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tained only by an alloy addition or by a 
change in solidification rate. Pouring 
- and mold temperatures, mold designs, 
and mold compositions were varied to 
increase the rate of solidification, but 
_ these changes had no consistent effect 


on the grain size. 


The microstructures shown in Fig. 


5 illustrate the constituents in chromium- 


_ base alloys. Figure 15 is added to clarify 
the differences between these phases; 


_ this shows as-cast and precipitated 
_ carbides, sigma, and titanium nitride in 
a matrix of chromium-rich solid solution. 
- Hammond® found the “Z” phase by 
X-ray diffraction methods, but did not 
identify it. 

The 60Cr-15Fe-25Mo type alloy 
in its present state of purity and con- 
taining 0.08 per cent carbon was solu- 
tion treated at 2500 F. for 50 hr. in 
- purified argon. The microstructure of 
this alloy consisted of chromium-rich 
solid solution with a few oxide inclusions. 
However, even this specimen was brittle. 


Since the 60Cr-15Fe-25Mo type 
alloy is very brittle and showed trans 
crystalline fractures at room temper 
ature, 1600 F, and 1800 F., an improve- 
ment in room-temperature ductility 
should be reflected in an improvement 
at 1600 and 1800 F. The bend-test 
data obtained at room temperature 
indicated that, as the grain size de- 
creases, the maximum bending stress 
(in tension) gradually increases. Grain 


size seems to affect rupture time at 
1600 and 1800 F. in a similar manner; 
rupture time tends to increase with 
decreasing grain size. Therefore, we 
believe that changes leading to an 
increase in ductility at room temper- 
ature will have a similar effect at these 
high temperatures. 

Figure 16 shows the fractured surface 
and a crack just below this surface for 
a creep-rupture bar which withstood 
38,000 psi. at 1600 F. for 1587 hr. It is 
evident that the specimen fractured in a 

transcrystalline manner. SH 


a a Fic. 16.—Microstructure of a Fractured Creep-Rupture Bar (X 100). 
‘ 
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SPRAY TESTING WITH NATURAL AND SYNTHETIC SEA 
WATER. PART I.—CORROSION CHARACTERISTICS IN 
THE TESTING OF METALS* | 


By Tuomas P. May! anp ALLEN L. ALEXANDER? 
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SYNOPSIS 


“ Generalizations about the chemical analysis of ocean water are used as a 

_ basis for comparing several existing formulas for synthetic solutions which 

have served as substitutes for natural ocean water in certain laboratory test 
procedures. This comparison reveals certain faults in these formulas. 

A new formula is proposed with exact reproduction of ion concentrations 
above 1 ppm. which are existent in natural ocean water. Provision is made 
for adjustment of pH and for the addition of heavy metal ions when desired. 

For characterizing the corrosive properties of this solution, salt spray tests 
have been conducted upon a number of metals using as spray solutions natural 
sea water, synthetic sea water, 3 per cent and 20 per cent sodium chloride so- 
lutions. The same metals have been exposed in the atmosphere and in sea 

water at Kure Beach, N. C. 

Zinc and zinc-plated steel corrode in spray tests using natural or synthetic 

sea water in a manner somewhat similar to their corrosion in natural marine 

environments. Such tests, however, are not necessarily “‘accelerated” since the 

corrosion rate in a marine environment may be higher than in the spray test. 

_ The corrosion of zinc and zinc-plated steel in spray tests with sodium chloride 

is not like the corrosion in the natural environments. Likewise, nickel-plated 

steel and bare steel do not suffer the same type of corrosion in spray tests as 

_ they do in a marine environment. Nickel-plated steel corrodes in a similar 
- manner in the spray tests and in sea water but not in a marine atmosphere. ay 


Several years ago at the Naval Re- 
search Laboratory it became desirable 
to conduct some c* rosion experiments 
in synthetic sea wei . since at the time 
it was not practic 1 to do the work in 
natural ocean water. A preliminary 
examination of existing formulas for syn- 
thetic sea water revealed serious dis- 
crepancies between them and no basis 
for eliminating these discrepancies was 

* Presented at ie ae third Annual Meeting of the 
Society, June 26-30, 

Nickel New 


Coatings Branch, Chemistry Division, 
Naval Research Laboratory, Washington, D.C 


immediately apparent. Therefore, a lit- 
erature survey was made to establish 
as nearly as possible what various 
analyses of ocean water have revealed 
(1). This permitted the development of 
a formula which would provide an 
exact duplicate of the inorganic com- 
ponents of natural ocean water. During 
the last two years a number of cor- 
rosion tests have been run in order to 
evaluate this solution as a corrosive 
medium. Tests have been conducted in 
spray cabinets and in the natural 


* The boldface numbers in parentheses refer to the 
list of references appended to this paper, see p. 1141. 
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- must be considered with caution. 


environments at Kure Beach, North 
Carolina. 

Because of its interest in the spray 
test, Subcommittee III of A.S.T.M. 
Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys requested 
that the results of this study be pre- 


sented as a matter of considerable 


interest to the Society. Section A on 
Corrosivity, Subcommittee VI on 
Methods of Testing of Committee D-19 
on Industrial Water, also has a direct 
interest in this solution as a possible 
medium for tests. 


a COMPOSITION OF WATERS IN 
Mip-OcEAN 


Natural ocean water is a solution of 
solids and gases which also contains 
detritus and live marine organisms, 
both plant and animal. The only im- 
portant gases are oxygen and carbon 
dioxide, the concentrations of which are 
determined by the salinity, temperature, 
and the partial pressures of the gases 
in the atmosphere. In the usual types 
of corrosion experiments there is no 
simple way of controlling the concen- 
trations of these dissolved gases. Neither 
has it proved practical to breed live 
marine organisms in solutions prepared 
in the laboratory. On the other hand 
the dissolved inorganic components other 
than gases may be readily duplicated in 
a synthetic solution. 

A review of over one hundred and 
sixty sources, especially two (2, 3) 
reveals several generalizations which 
are valid for ocean waters in all of the 
major oceans: 

1. The composition along seacoasts 
may vary considerably with location. 
River waters cause dilution and in- 
troduce local variations in the relative 
abundance of the ions. Rivers and 
harbors also may introduce pollution. 
Analyses of coastal waters therefore 


2. The salt content in mid-ocean 
varies from one ocean to another, 
between different regions in a given 
ocean, and in a given region with the 
time of year. Wust (4) showed this 
change to be a linear function of the 
difference between evaporation and pre- 
cipitation. The salinity also varies with 
depth because of stratified ocean 
currents. 

3. A very important generalization is 
that, regardless of the absolute con- 


TABLE I.—ELEMENTS IN NATURAL OCEAN 
WATER WITH CHLORINITY OF 19.00. 


Element 


ppm. Element ppm. 
Chlorine. 18980. 0.002 to 0.02 
ium. . 10556. Manganese... 0.001 to 0.01 

Magnesium 1272. Copper....... 0.001 to 0.01 

ulfur®...... 884. 0.005 
Calcium..... 400 0.004 
Potassium... 380. Selenium..... 0.004 
Bromine... .. 65. Cesium....... 0.002 
Carbon’. .... 27.5 Uranium..... 0.0015 
Strontium... 13.3 Molybdenum..|0.0005 
Boron’, .... 4.6 Thorium /0.0005 
Silicon?...... 0.02 to 4.0 | Cerium.......|0.0004 
Fluorine..... 1.3 Silver |0.0003 
Nitrogen®’....| 0.01 to 0.70 | Vanadium. ... 0.0003 
Aluminum... 0.5 | Lanthanum... /|0.0003 
Rubidium. . . 0.2 Yttrium 0.0003 
Lithium. .... 0.1 | Nickel 0.0001 
Phosphorus... 0.001 to 0.10 Scandium..... 0.00004 
Barium..... .| 0.05 | Mercury...... 0.00003 
Todine.. . 0.000006 
Arsenic......| 0.01 to 0.02) Radium... ...| 2-3 K 


* Normally present as sulfate but mav be present as 
sulfide i in stagnant waters or in bottom sediments. 
+ Almost entirely bicarbonate ion when organic matter 
is discounted. 
© Probably present in undissociated boric acid. 
Represents silicon present as silicate. Lower values 
noted in surface layers. 
* Includes only nitrate, nitrite, and ammonia. 


centration, the relative proportions of 
the major components are virtually 
constant. This rule does not hold for 
silicate and nitrate ions which will vary 
in concentration depending upon the 
metabolism of marine organisms in 
different localities or in different seasons. 
It will also fail to hold for a number of 
trace elements. 

4. The pH of mid-ocean waters is 
usually in the range 8.1 to 8.3, depend- 
ing upon salinity and the partial pressure 
of carbon dioxide in the air, but may 
vary between the limits of 7.5 and 8.4. 


The concentration of sea water is 


| 
| 
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frequently expressed in terms of chlorin- 
ity rather than salinity since chlorinity 
is easier to determine by direct methods. 
Its numerical value is obtained from 
the amount of silver required to pre- 
cipitate the halides in 328.5233 g. of 
ocean water. An average value for mid- 
ocean water is 19.381 g. of halides per 
kg. of ocean water. 

The constancy of the proportions of 
the different ions is expressed in a term 
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grease type rust preventive compounds 
(6). The formula of McClendon, Gault, 
and Mulholland (7) in the fourth column 
was developed to study certain marine 
organisms and contains components such 
as nitrates which are essential in the 
metabolism of the organisms. 

For many purposes it is probable 
that many elements present in low 
concentration need not be present in a 
synthetic solution. On this basis Subow 


TABLE II.—SUBSTITUTE SOLUTIONS FOR NATURAL OCEAN WATER. 


Grams per Liter 


| 14-0-19° 


M-G-M* Subow# 


NaCl 25.0 
MgCls-6H20 11.0 
MgCl. ... 


4.0 
1.20 


26.726 
2.260 


27.175 
2.507 


@ Bureau of Ships ad interim ee a 46S18 (5). 
Bureau of Ships ad interim Specifications 14-0-15 (6). 
McClendon, Gault, and Mulholland (7). 
4 Subow (8). 

¢ Lyman and Fleming (9). 
called the Cl-ratio which is the ratio 
of the concentration of an ion to the 
chlorinity. 

Table I presents the concentrations 
in parts per million of elements in 
natural sea water with a chlorinity of 
19.00. Table II contains the composi- 
tions of several synthetic solutions which 
supposedly duplicate the composition 
of natural ocean water. The formula in 
column two has been used to test the 
corrosion resistance of stainless steels 
(5); 3 the one in column | three for testing 


(8) and Lyman and Fleming (9) de- 
veloped the formulas in columns five 
and six, respectively. Assuming that 
elements below approximately one part 
per million are not important in many 
applications, the formula in the last 
column of this table has been developed 
and, for situations where the less con- 
centrated elements are desired, provision 
is made for adding them in the form of 

their nitrates. 
The degree in which these solutions 
compare with natural ocean water is 


> 


a‘? 
4 
i 
Compounc _# 
23.476 24.54 
Kal 0.20 0.721 0.743 0.664 0.695 
| 
| 
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made evident in Table III where ion con- 
centrations are listed for each solution 
and in Table IV which presents the Cl- 
ratios. Only the proposed formula pro- 

vides a solution having Cl-ratios which 
are identical with those of an average 


a sample of the solution, 200 ml. of stock 
solution No. 1 and 100 ml. of stock 
solution No. 2 are added to several 
liters of distilled water in which have 
been dissolved 245.34 g. of sodium 
chloride and 40.94 g. of anhydrous 


TABLE III.—ION CONCENTRATIONS IN NATURAL AND SYNTHETIC OCEAN WATERS. 


Grams per Liter at 20C. 


0.400 


wn 
wn 


2.74 


8 


M-G-M Subow | LandF Proposed Natural 
11.336 10.765 10.83 11.0347 | 11.0347 
1.263 1.325 1.303 1.3297 | 1.3297 
0.431 0.422 0.408 0.4184 0.4184 
0.5376 0.389 0.3833 0.3972 0.3972 
| 0 0.0136 0.0139 0.0139 

18.414 19.445 19.440 19.8405 19.8405 
2.653 2.708 2.751 2.7687 2.7687 
0.0461 0.057 0.0661 0.0675 0.0675 

0.00005 

0 0.0014 0.00136 0.00136 

0.1475 0.1501 0.1428 0.1460 0.1460 
0.0594 0 0.0266 0.0272 0.0272 
19.0 19.0 19.0 19.381 19.381 


46S18 14-0-15 M-G-M Subow L and F Proposed Natural 
0.5675 0.5650 0.583 0.5535 0.557 0.5556 0.5556 
0.0733 0.0674 0.0649 0.0681 0.0670 0.06695 0.06695 
0.0224 0.0227 0.0222 0.0217 0.02097 0.02106 0.02105 
0.0203 0 0.0276 0.0200 0.0197 0.0200 0.0200 
0 0 0.0007 0.0007 0.0007 
0.9989 0.9987 0.9470 0.9995 0.9990 0.99895 0.99895 
0.1337 0.1388 0.1364 0.1392 0.1413 0.1394 0.1394 
0 0.00758 0.0078 0.00683 0.00735 0.00735 
0 0 0 0 0.000072 0.00007 0.00007 
0 0 0.00306 0 0.00137 0.00137 0.00137 


ocean water. Of the others, that of 
Lyman and Fleming (9) most nearly ap- 
proaches the composition of natural 


tions are given in Table V. To prepare 


TABLE V.—STOCK SOLUTIONS FOR PREPARING 
SYNTHETIC SEA WATER. 


(grams per liter). 


ocean water. The formulas, 46818 and — 
14-0-15, are noticeably different, espe- 57.93 
cially because of the absence of bicar- 2.11 
bonate ion which is most important in ~~ ne 
determining the pH of ocean water and 
in galvanic corrosion in ocean water. 
Experience has shown that when the 10.05 
proposed solution is being used in large NaF........0...0...-.e.sseeeeeeeeees 0.30 
quantities over a long period of time, it ~ ae 
can best be prepared with the com- —_ . : 
_ other than sodium chloride 
and sodium sulfate, being added from 0.0396 
i - Pb sae 0.0066 
three stock solutions. These stock solu 0.0066, 


5 
46818 14-0-15 | 
11.150 | 
19.76 
0 | 
Fo. ” TABLE IV.—CI-RATIOS IN NATURAL AND SYNTHETIC OCEAN WATERS. 
Ion 
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This is diluted to a 
final volume of 10 |. and the pH is ad- 
justed to 8.2 by the addition with 
stirring of 0.1 N sodium hydroxide 
solution. When heavy metals are de- 
sired, 10 ml. oi stock solution No. 3 are 
added with stirring to the 10 1. of solu- 
tion. 

Stock solution No. 3 is prepared with 
nitrate salts of the heavy metals. Its 
addition or omission therefore will not 
affect the Cl-ratios of the more abun- 
dant ions. The nitrate ion introduced 
by this stock solution will be present 
within the normal limits of nitrate ion 
in natural ocean water. 


SPECIFICATIONS FOR SALT SPRAY 
CorROSION TESTS 


A.S.T.M. Tentative Method B 117 - 
44 T* specifies a continuous spray of 20 
per cent sodium chloride solution at 
92 to 97 F. at a certain spray density. 
This spray density, defined in terms of 
volume of liquid settling from the 
spray atmosphere into a 10-cm. funnel, is 
restricted to 0.5 to 3.0 ml. per hour. 
The specification does not establish 
limits for the duration of tests under 
these conditions nor does it offer a sys- 
tem for interpreting the results ob- 
tained. Modifications of this specification 
prescribe lower concentrations of sodium 
chloride or solutions called synthetic 
sea water such as those given under 
46S18 and 14-0-15 in Table II. 

Generally speaking, these specifica- 
tions do not interpret test results 
directly in terms of service performance. 
This is proper, but occasionally such 
unjustified liberties have been taken 
with the result that the salt spray test 
method has been the target of consider- 
able adverse criticism. However, since 
the corrosive agent and the test condi- 
tions usually employed in spray cabinets 
are so different from those encountered 


4 Tentative Method of Salt Spray Testing, 1949 Book 
A.S.T.M. Standards, Part 2, p. 786. 


in natural environments, it was not 
considered likely that the corrosion 
which occurs in spray cabinets would 
closely parallel that experienced in 
natural environments. Should it develop 
that there is some parallel performance, 
it would be expected that tests with 
the proposed substitute for natural 
ocean water would be most likely to 
produce results like those observed in 
natural environments. In order to de- 
velop some data to clarify this situation 
a number of comparative tests have 
been conducted. 


CoRROSION TEST CONDITIONS 


Comparative tests were conducted in 
four identical spray cabinets using 
natural water from the ocean at Kure 
Beach, N. C., the proposed solution, 3 
per cent and 20 per cent sodium chloride. 
The spray cabinets were air-jacketed 
and operated according to A.S.T.M. 
Method B117-44T, namely, 92 to 
97 F., spray density of 0.5 to 1.0 ml. per 
hour in a 10-cm. funnel type of collector, 
and in the case of 20 per cent sodium 
chloride at 18 to 22 per cent as in- 
dicated by the gravity of collected 
samples. The concentrations of 3 per 
cent sodium chloride spray and of the 
natural and synthetic ocean waters were 
controlled within 10 per cent of the 
nominal concentration. 

Suspended solids in the natural ocean 
water would clog the spray nozzles 
within one or two hours after start of the 
spray cabinet. It was therefore neces- 
sary to pass the natural ocean water 
through a sand filter before introducing 
it into the spray cabinet. Furthermore, 
to insure a fresh supply of natural ocean 
water, it was allowed to flow through 
the reservoir of the spray cabinet at a 
low rate. Other solutions were handled 


in the manner usual for 20 per cent _ 


sodium chloride solutions. . 
Test specimens also were exposed in 
the natural atmosphere at Kure Beach 
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in two locations, 80 ft. and 800 ft. from Figure 1 shows that nearly all corrosion 
the ocean, and were immersed in the occurs on the upper side of inclined 
ocean at the same location. test specimens and that the corrosion 
w=, Preliminary experiments with mild rate is nearly constant between 40 and 
* steel i in the spray cabinets using 20 per 80 deg. with the horizontal. Accordingly, 


0.4 
| 
m 
3 20% No Cl 
0.3 
g SSW 
° 40 80 120 160 


Angle of Ponel with Horizontal, deg. 


Fic. 1.—FEffect of Specimen Angle on Corrosion in Salt Spray Cabinets Using 20 per 
cent Sodium Chloride and Synthetic Sea Water. 


20 


20% Na Cl 


3% Na Cl 


Immersion 


Weight Loss, g.- 4in. by Gin. Specimen 


1500 


Fis. 2.—Comparative Tests on Ingot Iron (0.04 per cent Cu) in Sprays of Natural 
: Sea Water (NSW), Synethetic Sea Water (SSW), 3 per cent Sodium Chloride, 
—: Dyas 20 per cent Sodium Chloride, in the Atmosphere 80 and 800 ft. from the 
fr. al Ocean and Immersed in the Ocean. 


cent sodium chloride and the synthetic all specimens in the spray cabinets were 
sea water showed that care must be exposed at an angle of 70 deg. with the 


eo used in selecting the angle of repose of horizontal. Atmospheric specimens were 
___ specimens. Steel specimens, 3 by 4 in., exposed at 30 deg. with the horizontal 
as were painted on one side and then and sea water immersion specimens 
ae exposed for 24 hr. at several angles. were vertical. 
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Sea water immersion specimens were 
4 by 12 in. with two j-in. holes on 10-in. 
centers for mounting. The atmospheric 
20 


ran for 100, 300, 700, and 1500 hr., 
atmospheric specimens for 700 and 
1500 hr., 6 and 18 months. Sea water 
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SSW 
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Fic. 3.—Comparative Tests on Steel (0.05 per cent Copper) in Sprays of “ae 7 


1000 


and Synthetic Sea Water, of 3 per cent and 20 per cent Sodium Chloride, in the 
Atmosphere 80 and 800 ft. from the Ocean, and Immersed in the Ocean. 


20% Na Cl 


lags; 


ois. 
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Weight Loss, g.- 4 in. by 6 in. Specimen 


300 500 700 


Hours 
Fic. 4.—Comparative Tests on Steel (0.27 per cent Cu) in Sprays of Natural and 
Synthetic Sea Water, of 3 per cent and 20 per cent Sodium Chloride, in the 
Atmosphere 80 and 800 ft. from the Ocean, and Immersed in the Ocean. 


1000 1500 


- 


and spray cabinet specimens were 4 by 
6 in. All specimens were of either No. 16 
or 20 gage thickness. Each test was 
conducted in quadruplicate. 

The spray cabinet tests of bare metals 


immersion tests ran 300, 700, 1500 hr. 
and 6 months. Specimens with metallic 
coatings were exposed until breakdown 
of the coating occurred. 

Materials on which tests have been 
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completed and the results herein re- 
ported include the following: 
1. Ingot iron, 0.04 per cent copper. 
2. 0.05 per cent copper steel. 
3. 0.27 per cent copper steel. 
4. Rolled zinc, 0.065 per cent lead, 
0.009 per cent iron, 0.0035 per 


d . 
cent cadmium. 
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RESULTS OF CORROSION TESTS 
AND DISCUSSION 


Figure 1 shows the weight loss which 
occurred only on one side of each test 
panel since one side was protected by 
paint. In Figs. 2 through 5, the weight 
losses represent the total from both — 
sides of each test specimen. 


Immersion 


Hours 


5. 0.001 in. electrodeposited zinc on 
0.14 per cent copper steel. 
. 0.001 in. electrodeposited nickel on 
0.14 per cent copper steel. 
. Titanium. 
Whenever possible corroded specimens 
were cleaned by scrubbing without an 
abrasive. The corrosion product on 
zinc specimens was loosened by a short 
immersion in ammoniacal ammonium 
chloride solution and then scrubbed off. 
Cathodic cleaning in inhibited sulfuric 
acid was employed on steels wherever 
the corrosion product could not be re- 
moved by scrubbing alone. 


Fic. 5.—Comparative Tests on Zinc in Sprays of Natural and Synthetic Sea Water, 
3 per cent and 20 per cent Sodium Chloride, in the Atmosphere 80 and 800 ft. 
from the Ocean, and Immersed in the Ocean. 


NSW 
B00 ft. | 
300 1000 1500 


Titanium: 


Tianium suffered no apparent cor- 
rosion during 6000 hr. in the spray 
cabinets and during longer periods in 
the natural environments at Kure Beach. 


Iron and Steel: io 


In the spray cabinets, corrosion was 
confined almost entirely to the upper 
surface of the test specimens until after 
300 hr. In exposures beyond this time 
corrosion on the lower side set in at 
the upper edge and then progressively 
spread over the surface. In contrast to 


lt specimens in the atmosphere suf- 
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fered corrosion on both sides from the 
very start, the lower side seeming to 
suffer the more severe attack. Specimens 
immersed in sea water were uniformly 
corroded on both sides. 

There was a very marked difference 
in the nature of the corrosion products 
on iron and steel in the different test 
conditions. Spray tests with natural 
and synthetic sea water produced gray- 
ish-white deposits on the upper surface 
which were mottled with patches of iron 
rust. The specimens exposed to 3 per 
cent and 20 per cent sodium chloride 
spray rapidly acquired a coating of iron 
rust which appeared to be hydrous ferric 
oxides. Between this and the metal was 
a layer of black ferrous oxides. These 
corrosion products were quite similar 
to those formed on iron and steel im- 
mersed in sea water. The only difference 
seemed to be in a tendency of the ferric 
corrosion products to form a loosely 
adherent scale or crust in sea water, 
whereas no crust formation occurs in 
the spray cabinets. In the natural 
atmosphere, the iron and steel corroded 
to form the usual laminated corrosion 
products which are less hydrated than 
in the spray cabinets or in sea water. 

Figure 2 serves to compare the cor- 
rosion of ingot iron in the various en- 
vironments. It is noted that 3 per cent 
sodium chloride spray is the most 
corrosive, whereas the atmosphere 800 
ft. from the ocean and immersion in sea 
water were least corrosive. Confining 
attention to results below 700 hr., the 
other conditions do not present a clear 
pattern. The tests in synthetic sea 
water exhibited a sharp decrease in 
corrosion after 100 hr. which was not 
sustained. Spray with natural sea water 
indicated a slight protective effect from 
the deposits formed on the surface. The 
20 per cent sodium chloride spray, like 
the 3 per cent sodium chloride spray, 
produces a very slight decrease in cor- 
rosion rate with time. These data on 
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ingot iron indicate the corrosive order of 
these environments to be (1) 3 per cent 
sodium chloride spray, (2) natural sea 
water spray, (3) 20 per cent sodium 
chloride spray, (4) synthetic sea water 
spray, (5) atmosphere 80 ft. from the 
ocean, (6) atmosphere 800 ft. from the 
ocean, and (7) immersion in sea water. 

Tests with two steels, containing 0.05 
per cent copper and 0. 27 per cent copper, 
produced very similar results as il- 
lustrated in Figs. 3 and 4. The order of 
corrosivity is the same for each of the 
steels. Only slight differences were noted 
in their corrosion rates, ingot iron 
losses. 


Zinc: 


In contrast to situation with 
20 per cent sodium chloride spray is 
more corrosive than 3 per cent. These 
spray solutions in turn are very much 
more corrosive than any of the other 
environments in these tests. The sprays 
with natural and synthetic sea waters 
produce essentially the same corrosion 
rates and are slightly more corrosive 
than the atmosphere 800 ft. from the 
ocean. The atmosphere 80 ft. from the 
ocean and sea water immersion cause 
more rapid attack than the exposures 
in sprays of natural and synthetic sea 
water. Figure 5 presents these data. 

The high rates of attack in the sprays 
of sodium chloride may be explained 
by the nature of the corrosion products. 
A non-protective, gelatinous zinc hy- 
droxide is formed in the 3 per cent and 
20 per cent sodium chloride sprays. In 
sprays of synthetic and natural sea 
water, the corrosion product is a hard, 
granular and adherent coating which 
is quite protective. It is similar to the 
corrosion product formed on zinc im- 
mersed in sea water and probably is of 
similar composition, namely, a mixture 
of basic zinc carbonate, sulfate and 
chloride. The corrosion product on zinc 
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in the atmosphere 800 ft. from the ocean 
was softer than that in the latter spray 
cabinets and had a chalky texture. 
However it was somewhat protective. 
In the atmosphere 80 ft. from the ocean 
the corrosion products were less chalky 
and tended to be granular although not 
as granular as formed in the sprays of 
natural and synthetic sea water. 

If one notes that the corrosion occurs 
only on one side of specimens in the 
spray cabinet, it becomes apparent 
that the corrosion rate per unit of 
exposed surface is about the same order 
of magnitude for the spray test with 
natural and synthetic waters and the 
atmosphere 80 ft. from the ocean. The 
spray tests with sodium chloride solu- 
tions produce an entirely different in- 
tensity and type of corrosion which 
does not duplicate normal marine cor- 


rosion of zinc. 


Zinc-Plated Steel: 


Zinc that has been electrodeposited on 
steel, initially behaves like the rolled 
zinc already described. As the coating 
is corroded away rust stains appear. In 
sea water, the four specimens did not 
provide good checks, failing in 1, 3, 4, 
and 6 months, respectively. In the 
atmosphere, only slight rust staining 
appeared at the edges in contact with 
the porcelain insulators in 9 months. 
This staining progressed only slightly 
during the following 5 months. These 
one-mil coatings of zinc failed in 50 
days in 20 per cent sodium chloride 
spray and in 90 days in 3 per cent spray. 
In synthetic and natural sea water 
sprays, slight rust staining developed 
on the edges in 90 days. This showed 
very slight change during the next 90 
days at which time the exposure was 
terminated. 

It would appear that the natural 
and synthetic sea water sprays provide 
a close parallel to the natural atmosphere 
exposures. The sodium chloride sprays 
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do not compare with the natural en- 
vironments in the type of corrosion 
encountered. 


Nickel-Plated Steel: 


These specimens with 0.001 in. of 
gray nickel on steel produced very 
interesting results. In sea water, all 
specimens developed rust stains in 24 hr., 
and the 0.06-in. steel specimens per- 
forated in 14 days at some of these 
pinholes. The spray cabinets produced a , 
similar result. Failures at a few large 
pinholes became evident in 24 hr. in all 
cabinets. All specimens failed in 7 days, 
and it is difficult to say which was the 
most corrosive. A general observation 
would place the spray solutions in 
order of decreasing corrosivity as (1) 
20 per cent sodium chloride, (2) 3 per 
cent sodium chloride, and (3) natural 
and synthetic sea water. In the atmos- 
phere, numerous small pinholes appeared 
with light rust staining around them. 
In 165 days, there was little difference 
between specimens located 80 and 800 
ft. from the ocean. At this time they 
were given an approximate rating of 
2 to 3 according to the system for 
rating chromium-plated steel used by 
Committee B-8.° 

The great difference in attack on 
nickel-plated steel in the cabinets and 
in the atmosphere may be readily 
explained. In the cabinets and in sea 
water, where the surfaces are con- 
tinuously wet, the first pinholes to ap- 
pear in the coating expose steel which 
then serves as an anode to protect 
cathodically the remaining intact nickel 
surface. Hence only a few pinholes de- 
velop and these exhibit a severe attack. 
In the atmosphere, the specimens are 
not continuously wet by a conducting 
solution and the coating does not receive 
cathodic protection from the early breaks 
in the coating. Therefore, a large num- 


5 Report of Subcommittee II on Performance Tests, 
A.S.T.M. Committee B-8 on Electrodeposited Coatings, 
Proceedings, Am. Soc. Testing Mats., Vol. 49, p. 220 (1949). 
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ber of pinholes develop in each of which 
the corrosion is slight in comparison to 
the specimens continuously wet with 
conducting solution. 

Because of this radical difference, it is 
questionable as to what can be said 
about the behavior of nickel-plated steel 
in the atmosphere on the basis of salt 
spray tests. On the other hand, sea water 
immersion and spray cabinet tests pro- 
duce the same type of failure, with the 
latter being the less severe exposure. 


SUMMARY 


A formula has been proposed for a 
solution which duplicates the inorganic 
components of natural ocean waters. 
Comparative tests have been conducted 
in spray cabinets using 3 per cent and 
20 per cent sodium chloride, natural 
ocean water, and the proposed solution. 
At the same time corrosion tests have 
been conducted in the natural environ- 
ments at Kure Beach, N. C. 

These tests reveal little similarity 
of performance between the natural 
environments and the spray cabinets 
using 3 per cent and 20 per cent sodium 
chloride solution. The only exception 
exists in the deterioration of nickel- 
plated steel immersed in sea water in 
which case all spray tests caused a 


similar type of failure. : _ 


(1) T. P. May and C. E. Black, “Synthetic 
Ocean Water,” Naval Research Laboratory 
Report P-2909, August, 1946. 

(2) H. U. Sverdrup, M. W. Johnson, and R. 
H. Fleming, “The Oceans,” Prentice-Hall, 
Inc., New York, N. Y. (1942). 

(3) T. G. Thompson and R. J. Robinson, ““Chem- 

istry of the Sea,” Physics of the Earth, 
= Vol. 5, Oceanography, pp. 95 to 203. Na- 

tional Research Council, Bulletin No. 85, 
Washington, D. C. (1932). 

(4) G. Wust, “Oberflachensalzgehalt, Verdun- 
stung und Niederschlag auf dem Welt- 
meere. Festschrift Norbert Krebs’’ (Lander- 
kundliche Forschung), pp. 347 to 359. 
(1936). 
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In tests with ingot iron and plain 
steels, the spray tests with natural 
and synthetic sea waters did not dupli- 
cate the types of corrosion usually 
observed in natural marine environ- 
ments. 

Zinc-plated steel and solid zinc sheet 
corrode in a similar manner in spray 
cabinets using natural and synthetic 
sea waters and in the natural environ- 
ments at Kure Beach. However, the 
corrosion rates were not sufficiently 
hig. to warrant considering such cabinet 
tests as accelerated tests. 
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Mr. ALFRED H. Woopcocx.“—My 
experience in sampling atmospheric sea 
salt particles leads me to suppose that 
corrosion, resulting from the presence of 
these particles on steels exposed to the 
a free air, would occur at a great many 
small points. This supposition is based 
- entirely upon the fact that concentrated 
sea water aerosols are always deposited 
as separate droplets or crystalline masses. 
Is it possible that on the authors’ plates 
each small point of corrosion marks the 
location of a drop which initiated this 
corrosion? I should like to ask also if 
the plates, which have been exposed to 
the free air, are dry in the cabinets? 
It was stated that the plates are not 
obviously wet. The presence of water 
would depend upon the relative hu- 
midity, since the sea-water drops on the 
plates are hydroscopic and will remain 
liquid at rather low relative humidities. 
Owens*® found saturation occurring in 
drops of concentrated sea water at about 
70 per cent relative humidity. Recently 
_ Dessens* indicated that atmospheric salt 
nuclei often remain liquid for many 
hours at humidities below 70 per cent. 


F. L. LaQue.*—I merely wish to 
xy: get into the record a suggestion that 
i. those concerned with the use of synthetic 


sea water in studying the behavior of 
materials in sea water under high- 
velocity conditions might refer to a paper 
by the present author and W. C. Stewart 
which appeared in the June, 1948 issue 


1 Ocean her, Woods Hole Oceanographic Institu- 
tion, Hole Mass. 
“Condensation of Water from the Air 

upon scopic Crystals,” Proceedings, Royal Soc. 

London, Series Vol. 110, pp. 738-752 (1926). 

3 Henri Dessens, ‘ ‘Brume et Noyaux de Condensation,” 
Annales de Geophysique, Vol. 3, pp. 68-86 (1947) 

4 In Charge, Corrosion Engineering Section, The In- 
ternational Nickel Co., Inc., New York, N 


of Metaux and Corrosion, Vol. XXIII, 
No. 274, p. 147. Included in the studies 
covered by this paper were some erosion 
tests on bronzes in contact with a syn- 
thetic sea water made up in accordance 
with Dr. May’s formula and in natural 
sea water at Kure Beach, N.C. By way of 
example, it was discovered that a bronze 
containing approximately 5 per cent 
each of tin, zinc, and lead corroded at a 
rate of only 87 mg. per sq. dm. per day 
in the synthetic sea water, as compared 
with a rate of 448 mg. per sq. dm. per 
day in the natural sea water. It was 
evident, therefore, that there are some 
constituents of sea water that have a 
profound effect on attack of materials 
at high-velocity which apparently are 
not readily incorporated in synthetic sea 
water. I suspect that these missing 
constituents are bacteria and other 
organisms capable of affecting corrosion 
and the nature of corrosion product 
films. 

Mr. T. P. May (author) —In answer 
to Mr. Woodcock’s first question, I agree 
that sea salt particles which may be 
deposited upon atmospheric test speci- 
mens are hygroscopic and therefore it is 
quite conceivable that in moderately 
dry weather these particles become the 
sites of small droplets of water. At other 
times when the humidity may be much 
higher or when an excessive amount of 
sea water spray is blown onto the speci- 
mens, the specimens may be covered with 
a continuous but thin film of sea water. 
In the first instance we would naturally 
expect corrosion to be confined to a 
large number of very small areas and 
would lead to the development of pin- 
holes in the coating. In the second in- 
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stance we would still expect the same 
result because the very thin film of 
liquid would introduce large electrolytic 
resistance to the flow of current from 
local anodes. Therefore, the development 
of rusting at a few pinholes will not be 
able to provide cathodic protection to 
the remaining surface. As a result the 
remaining surface will be susceptible to 
penetration and breakdown by the cor- 
rosive liquid on the surface. In contrast 
to these conditions which prevail in the 
atmosphere, specimens in the spray 
cabinets and those immersed in sea 
water are in contact with relatively thick 
films of water which have much lower 
electrical resistance. 

They would provide protective cur- 
rents to areas adjacent to the local areas 
of breakdown. These protective currents 
would prevent the development of new 
pinholes in the areas around the pin- 
holes which form at the start of the 
exposure. 

This discussion also answers Mr. 
Woodcock’s second question concerning 
the point as to whether the specimens 
are dry in the test cabinets. 

Mr. T. J. SNopcrass.5—I was curious 
that there seemed to be quite a good 
correlation on the zinc coatings in the 
salt spray and its other tests, and there 
was quite a close correlation between 
the 20 per cent sodium chloride salt fog 
and the immersion test. 

Was that regular sea water immersion? 

Mr. May—All immersion tests re- 
ported here were complete immersion of 
specimens in natural sea water. I am 
not convinced that there was good 
agreement between the tests in 20 per 
cent sodium chloride and in the sea 
water immersion. Severe corrosion oc- 
curred in the 20 per cent salt spray in 50 
days, whereas failure of zinc-coated 


5 Appliance and Merchandise Dept., General meets 


Co., Trenton, 
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specimens in sea water showed a similar 
degree of failure in periods of 1 to 6 
months. From this it is very indefinite — 
as to what one would consider to be a 
failure for sea water immersion. If any- _ 
one can find a correlation between any © 
of these exposures, I am quite confident 
that it cannot be accounted for in any © 
logical manner. In fact any agreement | 
that one does find in these tests must be 
considered purely accidental. 7 

Mr. Snopcrass—That correlation 
was not secured with nickel, nor with 
the bare steel specimens. In other 
words, the immersion was way down on ~ 
the bare steel. Yet, with the zinc, of 
course, it was quite close to the 20 per | 
cent. I am not thinking so much about | 
the sea water, but there are many other © 
applications where zinc-plated parts are 
used under immersion or alternate im- 
mersion conditions, and if the correla- 
tion between the 20 per cent salt fog 
and the immersion is that close, one 
might really have something. 

Mr. May.—In a particular case it 
may develop that corrosion as expressed 
by weight losses are more or less of the 
same order in the spray cabinets as in 
some other environment. However, if 
these environments differ in any respect, 
I must emphasize again that any good 
correlation will be accidental for any 
particular time interval. The correlation 
will not necessarily hold for extrapola- 
tion to other times and to other environ- 
ments. Accordingly, one cannot depend 
on results in a spray test to tell him how 
long a zinc-coated steel will last in some — 
other environment. 

Mr. LaQvue.—It does not seem par- 
ticularly advantagenous to use an ac- 
celerated test to get a rate of corrosion 
which could be measured directly. I 
would be inclined to take the direct 
approach and make the test under natural 
conditions if I were interested in immer- 
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As a logical extension of the work 
reported in the previous paper*® experi- 
ments were conducted in which a variety 
of organic coatings applied to several 
metals was exposed simultaneously to 
the spray of natural and synthetic 
sea water and to 3 per cent and 20 per 
cent sodium chloride solutions. These 
experiments were decided upon following 
a joint meeting of the Test Methods 
and Corrosion Sub-Committees of the 
JAN Prevention of Deterioration Com- 
mittee in September, 1946, at which 
time the formula for the synthetic sea 
water was first presented to a sizable 
group interested in the standardization 
of test procedures involving simulated 
sea water. Shortly following the initial 
organization of these experiments, the 
original committee was dissolved, but 
the tests have continued through a 
cooperative arrangement from which 
the present material has become 
available. 

The salt spray test has been used 
over a long period in a variety of modi- 
fications in attempts to assess the dur- 
ability or resistance to degradation of 
numerous materials required to with- 
stand corrosive attack by natural forces 
prevailing in or adjacent to the sea. The 


* Presented at Annual Meeting of the 
Society, June 26-30 

1 Protective Seulees Branch, Chemist 
Naval Research Laboratory, Washington, : 

? Corrosion Engineering ‘Section, Development and 
Research Division, The International Nickel Co. , me., 
New York, N. Y. 

oF. PF. May and A. L. Alexander, “Spray Testing with 
Natural and Synthetic Sea Water Part ,i-—Corrosion 
Characteristics in the Testing of Metals,” see p. 1131 
this publication. 


Division, 


1144 


SPRAY TESTING WITH NATURAL AND SYNTHETIC SEA 
WATER. PART II.—A STUDY OF ORGANIC COATINGS* 


By L. ALEXANDER! AND THomas P. May? 


j 
i 

use of brine solutions varying between 
3 and 20 per cent in salt-fog cabinets is 
rather common. May* has shown that 
marked differences exist in the rate of 
corrosion of mild carbon steel—as well as 
in the type of corrosion product—when 
exposed to synthetic sea water and 
salt fog of varying concentration. Inas- 
much as the results of salt spray and 
exposure to synthetic sea water and fog 
are used frequently to indicate accept- 
ability for use in marine environment, it — 
appeared of interest to study the be- 
havior of a number of items normally 
subjected to the salt spray test when 
exposed simultaneously to sea water, 
sea water fog, synthetic sea water fog, to 
brine fog of at least two concentrations 
and to marine atmospheres. The results 
obtained with a variety of metals and 
plated coatings are the subject of anothe 
paper.’ The data presented here 
discussed in some detail are confined to 
a study of organic coatings applied to 
metal. 


EXPERIMENTAL 


Reference is made to the preceding 
paper® relative to the details of experi- 
mental conditions existing within the 
boxes for the duration of the experi- 
ments. The boxes were of identical 
standard design known as type CA-2, 
produced by the Industrial Filter and 
Pump Co. They were placed in position 
such that one box could take its supply 
of sea water by passing through a 
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TABLE I.—GROUP A. 


| 

Im- | 
mer- 
sion 


Syn- 
thetic 
Sea 
Water 


20 per 
cent 
Brine 


3 per 
cent 
Brine 


Sea 
Water 


First Inspection—42 Days 


10 10 
8 7 
10 8 
9 9 
9 9 


Seconp Inspection—92 Days 


1 10 


4 
1 
5 
5 


InspecTion—152 


minimum of pipe. Fog density, tempera- 
ture, and position of the panels were 
checked periodically and maintained 
as nearly constant as practical. The 
panels were supported from the bottom 
in plastic racks at an angle of 70 deg. 
to the horizontal, at positions sufficiently 
far apart that the condensate on one 
would not fall onto another. 

Since this experiment was designed 
as a study of a method rather than an 
investigation of the relative properties 
of a number of coatings, a cross-section 
representing a variety of formulations 
was selected for inclusion. Systems 
normally applied to aluminum and 
magnesium surfaces of aircraft were 
studied, along with selected materials 
specified for steel in a number of varied 
applications. The systems are identified 
as follows: 
System A: 

Material 

dized 
Zinc chromate primer (AN- 

TT-P-656b) 

Zinc chromate primer (AN- 

TT-P-656b) 

Camouflage lacquer 

(AN-L-21) 


. Gray camouflage 
(AN-L-21) 


First coat 
Second coat... . 
Third coat 


Fourth coat. lacquer 


24S-T aluminum alloy ano- ns 


1145 


System B: 
Material Magnesium AN-M-12 Type 
II chrome pickle 

Zinc chromate primer (AN- 
TT-P-656b) 

Zinc chromate primer (AN- 
TT-P-656b) 

camouflage 
(AN-L-21) 
. Gray camouflage 


(AN-L-21) 
For systems C, D and E, cold-rolled 
steel formed the base metal which was 
given a treatment with Inhibitive Wash 
USA Spec. 3-213 prior to painting. 
System C: 


First coat 
Second coat.... 


Third coat lacquer 


Fourth coat... lacquer 


First and Second Coats 
Red iron oxide 
Zinc chromate. . 


silicate 
Vehicle temperature V-1. 82.26 


100.00 
Third and Fourth Coats 
Red iron oxide 


Magnesium silicate 


Vehicle temperature V-1 85. 60 


100.00 
System D: 


First and Second Coats 
Aluminum paste 
Zinc chromate 
Vehicle temperature V-1 82. 3 


gal. 


100.0 
Third and Fourth Coats 
Aluminum paste 
Vehicle temperature V-2 85.9 


System E: 


First and Second Coats 
Aluminum paste 
Zinc chromate 
Vehicle temperature V-1 82.3 


> 


100.0 
Third and Fourth Coats 


Aluminum paste........ 14.1 


172.0 
Vehicle temperature V-1 85.9 


649.5 
100.0 821.5 


Note.—Vehicle V-1—Dark phenolic resin 
tung oil varnish. 


ft. |800-ft 
| 
ce » | 10 
9 8 » | 10 
9 | 1 | 10 
5 2 9 | 10 
9 | 10 | 10 
10 10 10 7 10 10 
5 3 2 1 8 10 327.8 
ree 4 0 4 7 | 10 | 10 5.05 147.8 
616.5 
348.0 
34.5 
86.1 
646.4 
1115.0 
és 
= Ib. 
165 
622 
910 | 
172 
660 
100.0 | 
Ib, i 
165 
622 
1 


In systems F through J, cold-rolled 
steel formed the base metal which was 
solvent-cleaned before priming. 


System F: 
coat WP-1 primer 
1 coat P-21 vinyl primer ae 
2 coats vinyl alkyd topcoat , 
System G: 
1 coat 52-P-18 primer a 
1 coat 52-P-45 haze gray topcoat 7 nr 
System H: ait 
1 coat WP-1 primer le 
1 coat 52-P-18 primer 
1 coat 52-P-45 gray 


System I: 
1 coat WP-1 primer 
1 coat 656b primer 
2 coats AN-E-3 gray enamel 
System J: 
1 coat 656b primer 
2 coats AN-E-3 gray enamel 


Norte.—All topcoats approximate 2.2 mils in 


thickness. 


_ Systems A, B, and F through J were 
_ prepared by the Naval Research Labora- 
_ tory; systems C, D, and E were finished 
_ by the Engineer Research and Develop- 
ment Laboratory at Ft. Belvoir, Vir- 
ginia, from the steel supplied from the 
same lot at NRL. The steel for the 
painted panels, the panels electroplated 
at the Bureau of Standards, and the 
bare steel panels (described previously) 
were all from the same lot. The painted 
specimens were inspected regularly at 


-__ one- to three-month intervals by person- 


nel from Ft. Belvoir and NRL, at which 
time all panels were photographed. The 
systems selected represented typical 
applications for aircraft and ships, along 
with a few experimental formulations 
of a type that might be considered for 
use on motorized field equipment. 

The results of the first inspection are 
shown in Table I, where a rating of 10 
signifies the film to be unaffected and 0 
implies complete failure. System A, the 
standard aircraft finish on aluminum 
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alloy, is unaffected after 42 days, wherea 
the identical system applied over mag 
nesium (system B) has permitted con 
siderable failure. The result of immersion 
appears to be similar in effect to the 


System D. 
Fic. 1.—92 Days Exposure. 


spray, while nothing detectable has 
occurred from exposure to the atmos- 
phere at either 80 ft. or 800 ft. from 
shore. Regarding severity of attack, the 
similarity between sea water and syn- 
thetic sea water is striking; and 3 per 
cent brine is the most severe, while the 
20 per cent solution is somewhat less 
damaging. The data of Table I describe 
the condition of the films at the end of 
92 days in which the same general pat- 


| ae 
System A. 
System B 
it 
if 
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tern is maintained, with sea water, 
perhaps, being perceptibly more de- 
structive than the synthetic variety. As 


System C. 
Fic. 3.—Replicate Samples. 


TABLE II.—GROUP B. 


ic| 3 
System Water per cent 


ie 4 ue before, the corrosivity of the brine 
solution becomes increasingly evident— 

System E. particularly for the coatings over steel. 
Fic. 2.—152 Days Exposure. One panel from each exposure and system 


| 
4 
Svstem B. 
ty 
Replicates Box No. 2. 
System 
| 
r 4 | 
System D. Seconp Inspection—83 Days 
9 9+ 7 9+ 
5 6 4 5 
1 2 0 0 


rea 


System G. 


‘ 


System F. 


is shown in Fig. 1 in the order (left to 
right), sea water, synthetic sea water, 
3 per cent brine, and 20 per cent brine. 
After 152 days, the bulk of group A 
(first series) was terminated and the 
final evaluation made, as shown in 
Table I. Again, the striking similarity 
_ between natural and synthetic sea water 
is noted and, once more, the marked 
severity of the brine solutions is ap- 
parent. The results of total immersion 
in the sea and atmospheric exposures 
are included for comparative purposes. 
From this final inspection a number 
conditions exist that deserve some 

comment. The standard aircraft system 
(two coats primer followed by two coats 
lacquer) is sufficient to protect alumi- 
for considerable periods when 
exposed to any of the sprays studied. 
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System I. 


System J. 


Fic. 4.—Comparison of Systems F, G, I, and J. 


Equal protection is not afforded to 
continuously submerged specimens. 
Therefore, an immersion test is likely 
to be more conclusive than a spray test 
for evaluating coatings applied to alu- 
minum where time is a factor. As was 
expected, the same organic system fell 
far short of protecting magnesium in 
the same circumstances. Brine solutions 
are more corrosive to painted magnesium 
than sea water of either variety. One 
panel from each box, in the usual order, 
is shown in Fig. 2. The close agreement 
between replicate samples may be seen 
in Fig. 2, which shows all four samples 
of painted magnesium upon removal 
from the synthetic sea water spray. 
This agreement is typical of that ob- 
tained generally between replicate 
painted samples throughout the experi- 


| | | 
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ment. Figure 2 shows one panel from 
each box for systems C, D, and E, 
which augment the data of Table I. 
For each of the paint systems on steel, 
the spray tests are more severe than 
total immersion; with brine spray ap- 
pearing more corrosive than either 
synthetic or genuine sea water. Figure 3 
shows all panels from all boxes for sys- 
tems B and C, respectively. Again, the 
fair agreement between replicate samples 
exposed simultaneously is_ illustrated, 
while simultaneously the relative effect 
of the various sprays can be estimated. 

Following the conclusion of the first 
phase of the study of organic coatings 
(Group A—Systems A to E), a second 
series was prepared and placed in the 
spray boxes (Group B—Systems F 
to J), consisting of systems F through J, 
representing systems considered for ap- 
plication to ships’ topsides, along with 
the previously described aircraft sys- 
tems applied to steel. These tests were 
inspected periodically, but only the 
final results appear sufficiently con- 
clusive for inclusion here. The final 
summary for group B is presented in 
Table II. Even though it is evident 
that wide differences exist in the per- 
formance rating of the several finishes, 
the degree of degradation resulting 
from each spray retains the same rela- 
tionship as before. The brines are most 
severe, with synthetic sea water follow- 
ing sea water very closely. 

In addition to the observations on the 
effect of the test solutions, this series 
affords an to 


study the role of WP-1 primer as a base 
coat for painted steel. The superiority 
of system F over system G, and of 
system I over system J, may be at- 
tributable, entirely, to the presence of 
this primer. In Fig. 4 replicate samples 
from each box are in the vertical col- 
umns, while the horizontal rows consist 
of test specimens from each of the four 
spray media. 


SUMMARY 


From the data obtained, it appears 
that the use of simulated sea water is 
justified as a test medium in lieu of 
genuine sea water for use in salt spray 
testing. For long-term experiments, sea 
water appeared slightly more detri- 
mental than the synthetic product. 
However, in the evaluation of organic 
coatings applied to ferrous surfaces, 
3 per cent brine is the most severe of 
the solutions investigated, while 20 per 
cent brine is slightly less degrading. Of 
particular interest is the close agree- 
ment between replicate samples through- 
out the study. No wide differences were 
found between like samples subjected 
to the same conditions. Similarly, the 
degree of difference obtained from the 
individual spray cabinets remain rela- 
tive throughout, lending greater credence 
to the reliability of the results. 

The contribution of Roy W. Hill in 
preparing a number of the panels and 
participating in the periodic inspections 
is gratefully acknowledged. 
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Mr. F. L. LaQue.+—I gathered from 

Mr. Alexander’s remarks that he thinks 
there is an advantage in using the syn- 
thetic sea water over natural ocean water 
—an advantage of convenience and per- 
haps reliability of getting the same thing 
from time to time, if you are located 
near sources of pollution. 
Does he think there is any point in 
going to the trouble of making up this 
very complicated solution, as against 
making up a 3 per cent sodium chloride 
solution and using that in the box? 

Mr. A. L. ALEXANDER (author).—I 
think a very conclusive result of this 
experience described here is that, as far 
- as organic coatings are concerned, the 3 
per cent brine will yield results a lot 
‘more quickly than either the synthetic 
= “4 sea water or the real thing. 

As far as accelerated testing is con- 
al cerned, perhaps that is what we want. 
4 On the other hand, I don’t know whether 


Corrosion Section, The Inter- 
national Nickel Co., Inc., New York, N. Y. 


I favor this kind of test, exactly, as a 
specification requirement, because from 
one laboratory to another, from-my ex- 
perience and what I have seen, it has 
been rather hazardous to say that one 
test here, even though it allegedly meets 
some specifications, is exactly the same 
as that carried out elsewhere. We like 
to think of the salt spray test simply as 
a means of comparing perhaps a new 
product to a standard, or for compara- 
tive purposes only. 

Mr. LAQvE. —Just to keep the record 
straight, my question was not meant to 
advocate the use of spray tests for any 
purposes, but, rather, to ask in a simple 
way, is there any sense of making up 
May’s fancy formula? It takes one of our 
men half a day to do that, but only a 
short time to make the sodium chloride 
solutions. 

Mr. ALEXANDER.—The answer, 
briefly, is no. However, I don’t think 
we could have answered that before these 
experiments. 
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IMPACT DEPOSITION OF ATMOSPHERIC SEA SALTS ON A TEST PLATE* 


hunts of structural steels at Block 
Island, R. I., and at Kure Beach, N. C., 
has been attributed in major part to the 
presence of chlorides on the test plates.’ 
These chlorides were presumably atmos- 
pheric sea salts from marine air which 
were deposited on the plates in some 
unspecified manner. It is the purpose of 
the present paper to indicate the weight 
and the number of sea-salt nuclei which 
are deposited on surfaces by impact dur- 
ing the passage of marine winds in the 
Block Island region. It is suggested that 
impact deposition of sea salt on test 
plates in this region may largely account 
for the presence of chlorides on these 
plates. Thus wind speed and direction 
are suggested as primary factors in modi- 
fying the rate and the area of deposition 
of atmospheric sea salt on exposed sur- 
faces. 

No reference to the deposition of aero- 
sols by impact has been found in studies 
and texts about the corrosion of steels 
in the atmosphere,?:*: 4: * though Ver- 
non® has demonstrated the importance of 
aerosols by testing corrosion rates in fil- 
tered and in unfiltered air. Deposition of 


* Presented at o Eaty- third Annual Meeting of the 
Society, June 26-30, 
1 Oceanographer, Woods Hole Oceanographic Institu- 
tion, sow: Hole, Mass. 
R. Copson, ‘‘A Theory of the Mechanism of Rust- 
ing os Low Al oy Steels in the Atmosphere,”’ Proceedings, 
Am. Soc. Testing yy Vol. 45, i 554-590 (1945). 
#R. J. McKay and Robert orthington, “Corrosion 
Resistance of Metals and Alloys,’’ Am. Chemical Soc. 
Monograph, Reinhold Publishing Corp., New York, N. Y., 
pp. 2 (1936). 
P. Larrabee, “The Effect of Specimen Position on 
Atmospheric Corrosion Testing of Steel,” Transactions, 
Electrochemical Soc., Vol. 85, pp. 297-306 (1944). 
“Corrosion Handbook, ” "Jo n Wiley and Sons, Inc., 
es York, N. Y., pp. 1-1188 (1948). 
H. Vernon, ‘ ‘Second Experimental Report of 


By ALFRED H. Woopcock! 


sea salt may occur in marine winds hav- 
ing a wide range of relative humidity. 
The impact deposition of atmospheric 
sea salt and other aerosols on test plates 
during winds may be of significance in 
explaining variable “edge corrosion’? and 
the excess corrosion of plates sheltered 
from rain.‘ 7 

Little description of methods is given 
in this paper. Details of the impact 
method used in sampling atmospheric 
sea salts have been published by Wood- 
cock and Gifford.® 


WIND-DEPOSITION OF ATMOSPHERIC 
SEA SALT ON Test PLATES 


Figure 1 shows a sketch of a rectangu- 
lar (10 by 15-cm.) test plate, A, mounted 
on a wind vane in such a manner that the 
plate surface is held normal to the air 
stream. A removable 4 by 50-mm. glass 
slide was inserted in a slot, B, in the 
middle of the plate, the outer glass sur- 
faces being parallel to and in the plane 
of the edge and face of the metal plate. 

This plate and slide were exposed to 
the wind for 48 min. at a relative hu- 
midity of 65 per cent and at a site free 
from the influence of local surf (see Table 
I for further information about the sam- 
pling location). During this time another 
smaller glass surface, C, was exposed to 
the wind for 31 sec. After exposure these 
two slides were taken to the laboratory, 
where counts and measurements of the 
impinged sea-salt nuclei w e made with 


7N. B. Pilling and W. A. Wesley, “Atmospheric Dura- 

bility of Steel Containing Nickel and Copper,” Proceed- 

ings, Soc. Testing Mats., Vol. 40, pp. 643-657 ey (ese). 
8A. H. Woodcock and Mary M. ’Gifford, 


the Atmospheric Corrosion Research Committee,” Trams- Atmospheric Sea-Salt Nuclei Over the Ocean,” a 
actions, Faraday Soc, Vol. 23, pp. 113-204 (1927). Marine Research, Vol. 8, pp. 177-197 (1949). 
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a special microscope under controlled 
temperature and humidity conditions.® 
In Fig. 2 are shown photomicrographs 


Devices Used to Expose Aerosol Sampling Sur- 
faces to the Air Stream. 


10.3 Tw 7.2 C. Nearest windward surf about 5 miles away. 
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liquified and hemispheric drops at a hu- 
midity of 91 per cent. The weights of 
sea salt present in the hemispheric drops 
are computed from diameter measure- 
ments of these drops. This method of 
measuring atmospheric salt in impinged 
nuclei has been tested by titration of 
chlorides in nuclei crm sampled on 
multiple surfaces. 

On the 4 by 50-mm. slide on the test 
plate these nuclei deposited at an aver- 
age rate, over the whole slide surface, of 
6740 per hr. per sq. cm. (see Fig. 4 for 
the deposition rates of nuclei of the vari- 
ous weights). At this rate, deposition of 
sea salt in one day becomes about 3 mg. 
per sq. cm. (Table I). On the 1 by 15- 
mm. glass slide the nuclei impinged at a 
rate of 3.01 X 10° per hr. per sq. cm. 
The rate of deposition by weight on the 
smaller slide amounts to about 24 mg. 
of sea salt deposited per sq. cm. per day. 

Figure 3 shows the numbers of nuclei 
of the various weights which were 
counted and measured. The X’s represent 
1299 nuclei on the 10 by 15-cm. plate 


_ TABLE L.—ATMOSPHERIC SEA SALT SAMPLED AT THE SEAWARD END OF THE MARINE BIOLOGICAL 
LABORATORY PIER. 


November 23, 1949. Time 1532 to 1620 EST. Average wind velocity 12.9 meters per sec., WSW. Sampling height 5 m. Ta 


4 by 50-mm. Glass Slide on 10 by 15-cm. Plate 1 by 1 5 mm. 
‘ ass Slide 
_ Distance from outer edge of plate, mm. 1 12.5 25 37.5 49 
Sea-salt Cpettien rate (mg. per sq. : 

_cm. per y.) mas eseeeccceccsscosers 4.2 3.3 3.1 3.0 2.6 24.1 
Number of nuclei measured........... 260 340 231 224 245 2705 
Area on which counts were made, sq 

4.58 6.75 4.40 4.36 | 4.51 4.70 
0.046 0.037 0.037 0.036 0.033 0.008 
Exposure duration, sec................ | 2880 31 

Exposure length, meters............... 36 529 400 


of sea-salt nuclei on the two slides. These 
photographed areas of the slides were 
selected to show approximately the range 
of sizes present. The nuclei are shown 
as crystalline masses at a relative hu- 
midity of about 40 per cent, and as 


*The equipment used to obtain these measurements 
_ and the data presented in Figs. 7 and 8 became available 
to the author unde: Contract N6éonr-277 with the Office of 
Naval Research. 


and the solid dots represent 2705 nuclei 
on the 1-mm. wide glass strip. Figure 4 
shows the rates at which nuclei, of the 
various weights, impinged on the two 
slides. It is clear, as indicated in Fig. 4, 
that deposition is far more rapid upon 
the smaller (1 by 15-mm.) surface. Also 
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becomes less with increasing weight of smaller slide is attributed to the com- 
nuclei. Figure 5 shows the number of parative sparsity of these nuclei in the 


« 
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Sea-Salt Nuclei Deposited on Glass Strip 1 mm. Wide Sea-Salt Nuclei Deposited on 10 X 15 cm. Test Plate 


Fic. 2.—Photomicrographs of Sea-Salt Nuclei Deposited on a Glass Strip 1 mm. Wide and on a — 
10 by 15-cm. Test Plate. 


The slide areas photographed were selected to show the approximate range of nuclei size presented on the slides. 
Nuclei are shown as crystalline masses at low relative humidity and as liquid hemispheres at a higher relative humidity. 
(The outer edge of the dark ring marks the surface of the hemispheric drops. See photomicrographs of other sea-salt 
nuclei in Fig. 9.) 


nuclei per cubic meter of air as indicated _air and to the short exposure time neces- __ 
by the deposition on the two surfaces. sary for the small slide (Table I). The 
The absence of the larger nucleion the short exposure time for the 1 by 15-mm. 
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eliminated by the use of sampling stri 


NUMBER OF NUCLEI COUNTED 
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slide was necessary because of the danger 


that the high rate of deposition, if con- 


_ tinued over a longer exposure time, might 
cause excessive coalescence of nuclei 


upon impact (due to the presence of too 


Woopcock on DEPOSITION OF ATMOSPHERIC SEA SALTS) 


(Table I), thereby avoiding a significant 
amount of coalescence. 

Table I also shows the rate of deposi- 
tion of sea salt on the 4 by 50-mm. glass 
slide at specified distances from the edge 
of the plate. The last column in this 


@= DEPOSIT ON I1-MM.GLASS STRIP - 
(ATC, FIG.1) 
X=DEPOSIT ON4X50 MM. STRIP 
(AT B, FIG. 1) 4 
0 4 * mx 
x 
197 '° 107? 1078 107” 


WEIGHT OF TOTAL SEA SALT IN NUCLEI, W, g. 


Fic, 3.—The Numbers and Weights of Sea-Salt Nuclei Counted and Measured on Two Surfaces 
of Different Dimensions Which Had Been Exposed Simultaneously at an Average Speed of Wind 


of 29 mph. 


modify the size distribution. Sampling 
sea salt with the smaller surface thus 


necessarily discriminates against the 
_ larger, sparsely distributed nuclei.!° As 
_ suggested by the work of Langmuir”, 


the fraction of the slides covered by 
the nuclei was kept below 10 per cent 


1 This disadvantage of the comping method may be 
of several differ- 
ent widths. As indicated by the work of Langmuir and 
Blodgett" few of the more numerous small nuclei are de- 
posited on wider strips (“‘ribbons’’) so that these strips 
may be exposed long enough to sample the large less nu- 
merous nuclei. If several different widths of sampling 
strips had been used, it is probable that the points indicat- 


ing the weight and ‘corrected number distribution would 
1 Irving Langmuir and K. B. B 
Sc. 
tract W-33-038-AC-9151, pp. 1-47 (1945). 
Research Laboratory Report A.T.S.C. Contract N-33-106- 


have fallen near a line such as the dashed a connecting 
the two groups of observed points on Fig. 
“A 

matical Investigation of Water Droplet Seajoctarien, 
eral Electric Research Laboratory Report, A 

2 Irving Langmuir "“Super- Cooled Water Droplets in 
Rising Caents of os d Saturated Air,” General Electric 
sc-65. Precipitation pp. 1-91 (1944). 


table shows data concerning the salt de- 
posited on the 1 by 15-mm. glass strip. 
Assuming that the 10 by 15-cm. plates 
generally used for corrosion tests are 1 
mm. thick, the quantity of salt shown at 
the top of the last column represents the 
deposition rate on the edge of a plate 
when this edge is normal to the air 
stream. This result indicates that there 
would be about 6 times as much salt 
deposited on this edge when the edge 
is held normal to the stream as is de- 
posited near this edge when the face is 
normal to the stream (Fig. 6). The dep- 
osition rate upon the edge held normal 
to the wind would be about 10 times the 
rate on the middle of the face of the plate 
held normal to the wind. This result 
indicates the importance of wind direc- 
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tion in effecting the rate of deposition of Island and it may also explain the ex- 
aerosols upon fixed surfaces such as test cessive “edge corrosion’”’ on these plates. 
plates in exposure racks. This excess of Figure 7 shows the maximum varia- 


© =DEPOSIT ON I-MM. GLASS STRIP | 


%= DEPOSIT ON 4X50-MM.GLASS + 
STRIP ON TEST PLATE 


WEIGHT OF TOTAL SEA SALT IN NUCLEI, W, g. 


Fic. 4.—The Rates of Deposition of Sea-Salt Nuclei of Various Weights Upon a 1 by 15-mm. 
Glass Strip and a 4 by 50-mm. Glass Slide Which Was Inset on a 10 by 15-cm. Test Plate. 


Figure 1 shows the mounting of these glass sampling surfaces and Table I gives further information about the condi- 
tions of exposure, etc. 


deposition of sea salt on the plate edge tions, with wind speed and location, in 
may explain, in part, the excess of chlo- the weights and numbers of sea-salt nu- 
rides found by Copson? in the rust from clei which the author has sampled in 
the edges of steel plates exposed at Block oceanic air by the impact method. Fig- 
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ure 8 shows the vertical distribution of 
nuclei in the sub-cloud layer of marine 
air during moderate winds." This figure 
indicates an extensive vertical disper- 
sion of nuclei, 


some of which are as 
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other steel structures at these humidities 
and at appropriate wind speeds. 

The purpose of Figs. 7 and 8 is to 
show something of the variability of the 
weight and number of sea-salt nuclei 


T 


4 7 
= DEPOSIT ON I-MM. GLASS STRIP ] 
DEPOSIT ON 4X50-MM.GLASS 7 
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STRIP ON TEST PLATE 
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NUMBER OF NUCLEI PER CU. METER OF AIR 
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WEIGHT OF TOTAL SEA SALT IN NUCLEI, W, g. 


Fic. 5.—The Number and the Weight of Sea-Salt Nuclei per Cubic Meter of Air as Indicated by 
the Deposition on a Glass Strip 1 mm. Wide and on a 1- by 15-cm. Test Plate.’ 


large as those which were deposited upon 
the 10 by 15-cm. test plate. It should be 
noted that these nuclei (Figs. 7 and 8) 
were sampled at widely varying relative 
humidities. There seems to be little doubt 
that many of these nuclei would also 
impinge upon exposed steel test plates or 


4% Improved sampling techniques have recently indi- 
cated the presence pj ne nuclei in the air. Thus in Figs. 
7 and 8, it is possible that the points indicating weight dis- 
tribution should be extended from one to two orders of 
peas in the direction of greater weights of salt. 


present in the lower atmosphere over 
and near the sea. Increases in nuclei 
sizes with increasing relative humidity, 
due to condensation of water vapor upon 
hygroscopic salts, will cause increases in 
the rate of deposition of the nuclei, as 
well as changes in the concentration of 
the salts in solution. Table II shows the 
computed sizes of salt nuclei as crystal- 
line spheres and as liquid spheres at 
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DEPOSITION RATE 


0.0042 g. per sq. cm. per doy 


WIND 
NORMAL TO PLATE FACE 


DEPOSITION RATE 
AT PLATE CENTER 


0.0026 g. per sq. cm. per day 


Fic. 6.—An Illustration of the Effects of Relative Orientation of the Plate Surface and Wind 


Flow Upon the Rate of Deposition of Airborne Sea Salt. Wind Speed 12.9 meters per sec. 


See Table I for further information about the sampling conditions. 
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WEIGHT OF TOTAL SEA SALT IN NUCLEI, W, g. 
Fic. 7.—The Range of Weights and Numbers of Sea-Salt Nuclei Which Have Been Sampled on 


* Some of the symbols used in the table are defined as follows: 
Ta = dry bulb temperature of the air, 


1 by 15-mm. Glass Slides in Marine Air near the Sea Surface.* ast ole aod rae 


Tw = wet bulb temperature of the air, 
R.H. = relative humidity, and 
Pmb = atmospheric pressure in millibars. 


Position 


Lat.(N) 


Long. 
(W) 


September 22, 1948 
November 26, 1948 
| August 22, 1949 


Pompano, Fla. 
Bermu 
Woods Hole, Mass. 


26° 16’ 
32° 23’ 
41° 19’ 


80° 05’ 
64° 55’ 
70° 39° 


Sampling 
speed, 
meters 
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27.0 | 24.7 | 83 | 997 28 ESE 
x 21.2 | 15.3 43 1015 27 N : 
A 20.1 | 17.6 78 1020 31 SW 
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phere Over the Sea Near Bermuda. 
TABLE II.—COMPUTED SIZES OF SALT NUCLEI. 


. Nucleus iqui | iqui 
Weishe of Total Radius as Sphere at 80/Sphere at 95 
‘aeie Crystalline r cent r cent 
us, Sphere,? lative elative 
Humidity, Humidity, 
1.5 X 10-4 0.55 1.1 1.7 
X 10 1.1 2.0 3.2 
10-10 2.6 4.7 7.5 
10-9 5.15 9.4 15.1 
mers 10.95 20.1 32.2 
1.2 X 107 24 44 70 
5 X 107 38 | 7 112 


@ The relative humidity at which the salt nuclei become 
crystalline seems uncertain. This is discussed in a paper 
by J. S. Owens entitled “Condensation of Water from the 
Air Upon Hygroscopic Crystals,”’ Proceedings, Royal Soc., 
London (A), Vol. 110, pp. 738-752 (1926), in which he ob- 
served saturation at a relative humidity near 70 per 
cent. However, H. Dessens in his paper entitled “Brume 
et Noyaux de Condensation,” Annales de Geophysique, 
Vol. 3, pp. 68-86 (1947), has indicated that some crystal- 
line nA. al taken from the atmosphere remain liquid at 
much lower relative humidity values. 


higher relative humidities. Figure 9 
shows that concentrated sea water and 


hygroscopic nuclei from the air change 
from crystalline masses to liquid hemi- 
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WEIGHT OF TOTAL SEA SALT IN NUCLEI, g. 
Fic. 8.—The Numbers and Weights of Sea-Salt Nuclei Which Were Sampled in the Lower Atmos- 


spheres and increase in size with increas- 
ing relative humidity. It is assumed that 
they would also change in this manner 
in the free air as the relative humidity 
changed. 

The methods used to make the above 
measurements and computations about 
atmospheric sea salt* should be readily 
applicable to measurements concerning 
sea salt deposition on other objects or 
structures exposed to marine winds. The 
importance of the shape and size of sur- 
faces, and of the wind speed in modify- 
ing the rate of impact deposition of 
aerosols,"! makes these factors of primary 
interest to those concerned with aerosol 
deposition on steel or other structures. 
The present author’s experience in sam- 
pling concentrated sea-water aerosols in 
the atmosphere indicates that the rough- 
ness of the surface exposed to the air 
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stream is also an important factor in 
modifying the rate of salt accumulation 
at localized areas. For instance, a minute 
protuberance on a cylindrical surface 
might be expected to receive a greater 
proportion of the impinging aerosols than 
would adjacent smoother surfaces. 

The measurements given in this paper 
indicate the importance of wind in caus- 
ing aerosols to impinge upon test plates 
or other surfaces. The position and the 
amount of such impingement on a fixed 
test plate at a given location will depend, 
to a large extent, upon wind speed and 
direction. The igpinging aerosols will 
usually continue to accumulate until rain 
washes them off. Accumulations of these 
impinged aerosols on surfaces exposed to 
the wind but sheltered from rain might 
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be expected to bring about greater cor- 
rosion on these surfaces. An excess of 
corrosion on steel surfaces exposed to 
winds but sheltered from rains has been 
found by Larrabee‘ and by Pilling and 
Wesley.’ In a given region the stronger 
prevailing marine winds should cause 
greater deposition of aerosols on certain 
surfaces of fixed test plates. It is sug- 
gested that the excessive corrosion found 
by Copson? on the west side of plates at 
Block Island may be due to an excess of 
sea salt deposited on that side by the 
westerly winds which prevail in that re- 
gion. 


4 U. S. Dept. of Agriculture, Weather Bureau, “Atlas 
of Climatic Charts of the Oceans,’’ Washington, D. C. 


(1938) 
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Mr. H.R. Copson! (presented in writ- 
ten form).—Mr. Woodcock has presented 
some fundamental data which unques- 
tionably are of importance in atmos- 
pheric corrosion. He is to be commended 
for obtaining quantitative measurements 
of the amount and distribution of air- 


TABLE III.—EFFECT OF NEARNESS TO OCEAN.? 
Specimens exposed at Kure Beach, N. C., for 1.39 yrs. 


Weight Loss, g. per sq. dm. 

Steel 
a Ps ~ 800 ft. from 80 ft. from 
ean Ocean 
Mas 9.45 gone 
No. 11. 4.33 gone 
eee 4.33 16.90 


TABLE IV.—RELATIVE CORROSION RATES OF 
WIRE AND SHEET METAL.?- 

Values of the average thickness of the corroded layer 
expressed in inches per year X 10~*. Duration of test, 1 
yr. Corrosion rates of wires determined by the electrical 
resistance method. Corrosion rates of sheet determined by 
weight losses. 


80- 
0-30 “ 
Nickel- | Nickel | Nickel- 
pper 
Type Test Site — 
Industrial...| Bourneville 
Wakefield 1.75 0.62 
Birmingham (6.56 
Marine...... Southport 3.25/11 1.37,0.26 
Average..... All 4.08 1,343.78 1.40 1.67 0.47 


borne deposits. It is to be hoped that the 
data will be extended to include other 
angles of wind impingement besides nor- 
mal to the specimen, and that other 
conditions of atmospheric corrosion tests 
will be simulated more closely. 


1 Research Laboratory, The International Nickel Co., 
Inc., Bayonne, N. J 


That the amount of sea salt deposited 
on steel specimens is important is shown 
by the data in Table ITI.* Identical speci- 
mens were exposed on racks located 80 
ft. and 800 ft. from the ocean. Specimens 
nearer the ocean corroded much faster 
than those further away, undoubtedly 
because more sea salt was deposited on 
them. 

Mr. Woodcock’s observations prob- 
ably explain one aspect of atmospheric 
corrosion which he has not mentioned. 
There seems to be a general rule that the 
rate of corrosion of wire specimens is 
greater than that of sheet. The magni- 
tude of this effect is indicated by Hud- 
son’s data in Table IV.*:* The only 
explanation offered hitherto has been 
that layers of corrosion product form 
imperfectly on wire of small diameter, 
but this explanation hardly seems ten- 
able in the case of passive films. The 
data in the paper indicate that the rate 
of deposition of sea salt on wire would be 
much greater than on sheet. Presumably 
other kinds of air-borne pollution would 
behave similarly to sea salt. 

Reference is made in the paper to edge 
corrosion of steel specimens at Block 
Island. In this connection it would seem 
that the final resting place of the salt 
would be more important than the place 
it was deposited. It is instructive to note 
the amount of sea salt deposition re- 


2H. R. Copson, ‘Factors of Importance in the Atmos- 
pheric Corrosion Testing of Low Alloy Steels,’ Proceed- 
ings, . Soc. Testing Mats., Vol. 48, 581-609 (1948). 

: Hudson, “Third Report of the Atmospheric 
Corrosion Research Committee,’ Transactions, Faraday 
eer 25, pp. 177-252 (1929). 
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ported in the paper. On a 10 by 15-cm. 
specimen the average figure was 3 mg. 
per sq. cm. per day. At this rate the 
accumulation in 3 yr. would be 500 g. 
At Block Island the 12 g. of rust on both 
sides of a 3-yr. old 10 by 15-cm. speci- 


ore: 
vet a 


could have other than a major effect on 
the distribution of the salts. 

It might be helpful to see exactly what 
the edge corrosion looks like. Figure 10 
shows the exposure conditions.® The 4 
by 6-in. specimens were mounted closely 


Fic. 11.—Typical Edge Effects at Block Island After 3 yr.§ 


men analyzed only 0.04 per cent chlo- 
ride. This is equivalent to about 10 
mg. of sea salt on the specimen. Of course 
the bulk of the salt washed away. It 


seems impossible that this washing action 


5H.R. n, “A Theory of the Mechanism of Rust- 

ing of Low Alloy Steels in the Atmosphere,” ings, 
‘ . Testing Mats., Vol. 45, pp. 554-590 (1945). 


side by side and were exposed at an angle 
of 30 deg. from the horizontal facing 
south. They were held in position by 
porcelain insulation. 

Figure 11 illustrates the edge corro- 
sion. The left-hand picture shows the 
skyward surface of one specimen and the 
right-hand picture shows the ground- 
ward surface of a second specimen. Two 
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circular holes were drilled in each speci- 
men for identification purposes, but the 
rest of the perforations were formed by 
corrosion. 

The corrosion is severe at the left or 
western edge, at the groundward edge, 
and also under the insulation at the right 
edge. On the skyward surface the deepest 
pits were within 1 in. of the corroded 


see how the big difference between the 
upper and lower edges, between the sky- 
ward and groundward surfaces, and the 
severe attack near some insulators can 
be explained by the position at which 
sea salt deposits. 

Actually it has been found that at 
Block Island on rainy days the prevail- 
ing wind is not from the west but instead 


: 


. 12.—Effect of Exposure Direction. 
pper two specimens one steel, lower two another steel. Right-hand specimen exposed facing east, left-hand speci- 


mens facing south.? 


edge, while on the groundward surface 
pits were still deep 2 or 3 in. from the 
corroded edge. This pattern of corrosion 
was repeated over and over for all po- 
sitions on the rack. 

In the paper it is pointed out that the 
prevailing winds are westerly. If this 
were the important factor, it would be 
expected that the edge corrosion would 
be more severe at the western portions 
of the racks than at the eastern portions, 
and such is not the case. It is difficult to 


is from the east. All the localized attack 
can be explained by the washing action 
of the easterly rain. Soluble salts are 
washed from the upper right corner to- 
ward the lower left corner. The upper 
edge is thoroughly washed and does not 
corrode very much. Washing is poor near 
the insulators and corrosion is rapid 
there. The washing is not as effective on 
the groundward side and the attack is 
not as localized on this side. 

In an attempt to learn more about the 
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edge corrosion, a few specimens were 
exposed facing east instead of south. Fig- 
ure 12 shows the result. The upper two 
specimens are of one steel and the lower 
two another. The right-hand specimens 
were exposed facing east and the left- 
hand specimens facing south. The pat- 
tern of corrosion on the south specimens 
was about the same as before. On the 
east specimens the severest corrosion oc- 
curred on one side of the center line but 
back from the edge. During the period of 
exposure, 53 per cent of the total rain fell 
when winds were from northerly direc- 
tions. Since the corrosion was more se- 
vere toward the side opposite the pre- 
dominant rain direction, there is some 
correlation in this respect. However the 
correlation is not good with respect to 
greater salt deposition at the edges. 

The main purpose of these observa- 
tions is to point out that there are many 
factors involved in the rate of rusting of 
steel in the atmosphere. Mr. Woodcock 
has emphasized one factor, but this 
should be used to supplement rather than 
to exclude other factors. The manner of 
exposure, shelter, washing action of rain, 
alloy content of the steel, the protective 
character of the rust, and the duration 
of exposure are all important. 

Mr. A. H. Woopcock (author).—Mr. 
Copson’s comment about the greater cor- 
rosion rate of wire compared to sheet 
specimens may serve to emphasize the 
importance of the shape and size of sur- 
faces upon the rate of impact deposition 
of aerosols (see p. 1158 of my paper). The 
roughness of the surfaces and their orien- 
tation in the air stream are also im- 
portant in modifying aerosol deposition 
rates. 

I would not expect that westerly winds 
at Block Island would cause a greater 
edge corrosion at the western portions 
of the racks than at the eastern end as 
suggested by Mr. Copson. There should 
be little difference in either the aerosol 
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content of the air or in the wind speed 
at the two ends of the racks. 

It should be reemphasized that the 
rate of impact deposition of aerosols upon. 
test plates in fixed exposure racks wil! 
probably prove to be greatly dependent 
upon the speed and direction of air flow 
in the immediate vicinity of the plates. 
Rates of impingement of aerosols on 
these plates could be determined by the 
insertion of recessed removable glass 
slides at critical areas. A thermister ane- 
mometer® might be useful in exploring 
the rates of air flow close to the plate 
surfaces during winds of various speeds 
from various directions. When measure- 
ments such as these are available we 
should be, in my opinion, better able to 
judge their importance in understanding 
irregular eorrosion rates such as those on 
the plates shown in Figs. 11 and 12. 

Copson’s plates suggest to me that at 
Block Island most of the aerosols are 
deposited during winds from the south- 
westerly quadrant. Such winds should 
deposit about the same number of par- 
ticles on the western and bottom (or 
southern) edges of the slides tilted south 
(Fig. 11). On the plates tilted east (Fig. 
12, right side) the greatest corrosion 
seems to be on back southwest side. The 
corrosion around the supporting insula- 
tors may be due to downward deflection 
of the air stream by the projecting in- 
sulators. This deflection would produce 
increased local deposition of aerosols due 
to the increased angular acceleration 
within the air stream near the insulators. 

The validity of these suggestions con- 
cerning a relationship between corrosion 
patterns and the patterns of impinge- 
ment of aerosols can probably be in- 
dicated by a study of the patterns of 
impingement on fixed test plates in ex- 
posure racks. 


* Wayne B. Hales, ‘“‘Thermisters as Instruments of 
Thermometry and Anemometry, Bulletin, Am. Meteoro- 
logical Soc., Vol. 29, pp. 494-499 (1948). 
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Mr. F. L. LAQue.’—I would like to 
ask Mr. Woodcock a question as to his 
opinion of the practicability of measur- 
ing the amount of salt particles, if you 
can call them such, in an air stream by 
absorbing the passing stream or a por- 
tion of it in an absorption train of 
some sort. This procedure would not nec- 
essarily measure how many salt particles 
might be deposited from the stream on a 
particular surface, but it might serve 
reasonably well to show the relative num- 
ber of salt particles available for deposi- 
tion on surfaces such as test specimens 
exposed 800 ft. from the ocean as com- 
pared to similar specimens exposed 80 
ft. from the ocean. We have available 
some apparatus which could be used 
along the lines indicated and I would, 
therefore, like to have Mr. Woodcock’s 
opinion as to whether such a technique 
would give us a reliable measure of the 
availability of salt particles for deposi- 
tion on test pieces at different wind ve- 
locities and at different distances from 
the ocean. 

Mr. Woopcock (author).—Filtering 
methods have been used to measure air- 
borne sea salt.6 May® has shown that 
errors occur if the velocity of flow within 
the air intake orifice of the filter is not 
maintained equal to that of the ambient 
air. However this orifice error should 
pfove to be insignificant for your work, 
since the quantity of sea salt in the air 
over the sea varies from 10 to 100 times 
during the average range of winds. 

Mr. Sam Toor.'°—In connection with 
the impingement collection on glass 
plates, the author did not mention the 
surface preparation of the glass plates. 
How were the surfaces prepared to re- 

7 In Charge of Corrosion Engineering Section, Develop- 
ment and Research Div., The International Nickel Co., 
Inc., New York, N. Y. 

a W. C. Jacobs, “Appara tus for Detemiats the Salt 
Content of the Air,’”’ Bulletin, Am. Met. Soc., Vol. 20, pp. 
38-42 (1939). 

*K. R. May, “The Cascade Impactor. An Instrument 
for Sampling Coarse Aerosols,”’ Journal of Scientific In- 
struments, Vol. 22, pp. 187-195 (1945). 


10 Chairman of Board, Sam Tour and Co., Inc., 
New York, N. Y. 
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ceive a particle when it did impinge, and 
to hold it there? 

In connection with dust sampling, in 
general, the problem is two-fold, one, 
getting the particle to impinge and, sec- 
ond, getting the particle to stay there, 
once it has impinged. It would appear, 
from the illustrations, that the particles 
had a tendency to wet the glass. 

In connection with sampling for total 
salt content, I think the much simpler 
answer to Mr. LaQue’s question would 
be electrostatic sampling of a sizable 
number of cubic feet of air to get the total 
salt content very rapidly. 

Mr. Woopcock (author).—The glass 
slides were coated with Dri-film" in the 
manner suggested by Langmuir.” The 
Dri-film coating on the slides produces a 
hydrophobic surface on which water 
droplets become hemispheric, making it 
possible to determine the volume of the 
droplets from diameter measurements. 

The high solubility of some of the sea 
salts probably causes the sea-salt nuclei 
to remain wet at relative humidities as 
low as 33 per cent. For this reason it is 
assumed that the crystalline nuclei will 
readily adhere to the glass slides at hu- 
midities above 33 per cent. I have seen 
no evidence that the nuclei ever bounce 
off the glass slides. Sedimentation sam- 
pling of these nuclei gives the same dis- 
tribution of weight as does the impact 
sampling. 

Mr. Tour.—On the question of air 
sampling, and particulate matter carried 
in air streams, there are some interesting 
things. Particles below a given size nor- 
mally do not tend to drop out, but tend 
to move upwardly, when the air is mov- 
ing up, and will move downwardly when 
the air is moving down. Without a wind 
of any velocity present air tends to move 
upward and downward. It does not stay 


11 Dri-film No. 9987, made by the General Electric Co., 
Schenectady, N. Y. 

12 Irving Langmuir, ‘“‘Super-Cooled Water Droplets in 
Rising Currents of Cold Saturated Air,” General Electric 
Research Laboratory Report, A.T.S.C. Contract W-33-038- 
AC-9151, pp. 1-47 (1944). 
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static. With no cross wind present, the 
underside of the plates exposed on a rack 
can be wet and impinged upon. Matter 
reaches the underside of the plate, with 
no wind present and apparently a static 
atmosphere, due to the up and down 
currents which result regularly from the 
difference in temperature between the 
ground and the air above it. 

Mr. Woopcock (author).—At very 
low rates of air flow, the collection of 
aerosols by impingement should ap- 
proach the rate of collection by sedimen- 
tation. The rate at which salt nuclei fall 
out of relatively still air (for example, 
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g. per sq. cm. per day) has been found 
to be only about one one-thousandth of 
the rate at which these nuclei impinge 
upon a 1-mm. wide glass slide in the same 
air moving at 10 m. per sec.* From these 
measurements, I would estimate that the 
rate of sedimentation or falling out of 
salt nuclei on 10 by 15-cm. test plates in 
still air would be about one one-hun- 
dredth of the average rate of impinge- 
ment on a plate held normal to a wind 
of 10 m. per sec. 


” These data on the relative rates of impingement and 
sedimentation of sea-salt nuclei will be published at a later 


date. 
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REPRODUCIBILITY OF RESULTS. OF TENSION TESTS ON 
SPECIMENS PREPARED FROM CAST STEEL COUPONS*® 


By H. A. Schwartz? anp W. K. Bock? 


SYNOPSIS 


Data are recorded showing the degree of reproducibility of the usual static 
tensile properties of grade “‘B” steel as determined on test coupons of several 


designs. 


The results of single tests or the average of a small number of tests is shown 


not to be an adequate measure of the mechanical properties of a given steel 


cast in a given form of coupon. 


In connection with specification writ- 
ing and other matters involving the dis- 
cussion of the tensile properties of 
steel, one experiences the need of judging 
how accurately a single test, or the aver- 
age of a few tests, may be expected to 
represent the true average values of 
tensile properties of a particular heat 
of steel. 

The original purpose of the present 
investigation was to determine the uni- 
formity of results to be expected from 
tests made by the usual twin-keel block 
specimens. Very early it became obvious 
that it would be desirable to see if the 
uniformity of results was in any way 
related to the type of test coupon. 

The types of coupon design selected 
for study were the keel block (two types 
—twin and multiple), the four-leaf 
clover type, and a large block feeder 
carrying eleven vertical test bars on its 
sides. The coupon designs are shown in 
Figs. 1, 2, 3, and 4. 


* Presented at the Fifty-third Annual Meeting of the 
June 26-30, 1950. 
is paper sets Torth the results of research con- 
ducted by the National Malleable and Steel a Co. 
and supported by the Steel Founders’ Soc. of America. 
Maneger of Research and Research Engineer, — 
Malleable and Steel Castings Co., Clev 
an hio 
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The plant which made the horizontal 
keel-block coupons was in the habit of 
making them by casting a plate 29 in. 
square by about 5 in. thick, to whose 
lower surface several dry sand cores are 
applied to form the legs. The slab will 
hold approximately 50 coupons. 

It was originally planned to make all 
of the specimens in green sand. This 
did not prove feasible from an operating 
viewpoint, and the vertical keel block 
(Fig. 3) was finally poured in green sand, 
the cloverleaf coupon (Fig. 4) in dry 
sand and the horizontal keel block (Fig. 
2) and the twin-keel block (Fig. 1) with 
the legs in dry sand and the feeders in 
green sand. When this part of the work 
was practically completed, the question 
was raised whether the horizontal keel 
block (Fig. 2) gave as uniform results 
as the twin-keel block. For this purpose 
two more horizontal keel blocks were 
cast and an appropriate number of twin 
keel block feeders were also cast. 

Two heats of steel are involved—one 
covering the coupon designs of Figs. 2, 
3, and 4, the other covering aise of 
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Figs. 1 and 2. The horizontal keel block 
design (Fig. 2) was produced in both 
heats. The compositions of the heats 
were as shown in Table I. Both heats 
were deoxidized with 3 lb. of calcium 
silicon plus 4 lb. of carbortam per ton. 
Somewhat over 50 specimens of each 
type were cast from a single heat. It 


had been the intention to mark each 


> 


Fic. 1.—Twin Keel Block Coupon. 


TABLE I.—COMPOSITION OF STEELS. 


First Second 

Heat Heat 
0.27 0.30 
Manganese, per cent............... 0.53 0.55 
0.57 0.55 
0.023 0.025 
Phosphorus, per cent.............. 0.026 0.021 
Chromium, per cent............... 0.045 0.08 
Vanadium, per cent............. ..| mone none 
0.08 0.08 
Molybdenum, 0.02 


coupon so that pouring sequence and 
position -in the heat treating furnace 
could be accurately reported. Under 
shop conditions this proved impossible. 
However, the test bars from each par- 
ticular type of coupon were placed close 
together in a small commercial heat 
treating furnace, so that it is known that 
all of the bars from a coupon design were 
heat treated alike. 

The heat treatment for each heat on 
all test bars was conducted at the same 
time in the same furnace. For the first 
heat involving the horizontal keel block, 
the cloverleaf, and the vertical kee 
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block, the heat treatment consisted of 
normalizing from 1690 F. (920 C.) after 
holding 2 hr. at temperature, and tem- 
“4 pacing for 2 hr. at 1160 F. (625 C.). For 
a _ the second heat of steel the heat treat- 
dae ment was as follows: Normalized from 
1700 F. (925 C.) after holding 2 hr. at 
temperature, and tempered 2 hr. at 1160 
_F. (625 C.). 
___ The castings were made by the Sharon 
- Works of the National Malleable and 
Steel Castings Co. from basic open- 
hearth steel, and the test specimens were 
machined at the Sabin Machine Co. in 
Cleveland. The specimens were of the 
- shouldered form described in the Stand- 
ay ard Methods of Tension Testing of Me- 
Materials (E 8-46). They were 
deliberately given a slight taper toward 
the center as permitted by the method. 
_ §teel analyses and the tension tests were 
_ made in the Research Laboratory of Na- 
_ tional Malleable and Steel Castings Co. 
_ Ina study requiring the comparing of 
various sizes and shapes of test coupons, 
_ there is always the possibility of ob- 
taining defective test bars. For example, 
the plant that produced the coupons 
poured them from a 30-ton capacity 
_ Jadle having a 1} in. diameter nozzle. 
_ The use of such pouring procedure re- 
sulted in obtaining some defective bars 
iy on the smaller coupon designs from en- 
trapped air entering with the stream, 
etc., which would not be present if 
hand shank pouring had been used. 
_ The need for rejecting such test bars 
: BL did not alter the accuracy of the con- 
a clusions for the following reasons: 
ita 1. Gross defects are easily detected 
ie _ during machining, or before testing, or 
a0 by observing the broken fracture, and 
can be rejected from test results. 
_ 2. None of the test bars used in the 
_ study, which were only the sound bars, 
iy _ departed in properties by more than 3c 
_ the mean value. 


* 1949 Book of A.S.T.M. Standards, Part 1, p. 1233. 
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Test RESULTS 


The individual values of the several 
static tensile properties constitute so 
large an accumulation of data, that it 
is believed that a tabulated presentation 
would be of but little interest. They can 
best be summarized by the _ usual 
methods of statistics. 

Fifty points are not sufficient to jus- 
tify the application of a x? test to see 
whether the distribution is sufficiently 
well represented by a “normal” curve. 
Plotting suggests that the reduction of 
area distribution is strongly skewed 
toward high values. In accordance with 
most quality control practices, we have 
nevertheless contented ourselves, per- 
haps rashly, with the average and stand- 
ard deviation as criteria of the universes. 
The mean values and standard devia- 
tions of the five lots of coupons are 
shown in Table II. 

The likelihood that the differences 
observed in Table IT have occurred as 
the result of chance only are shown in 
Table III. 

The mechanics of the test as outlined 
by Rider‘ consists in setting up the null 
hypothesis that the two means in ques- 
tion come from the same normal popu- 
lation and then determining by means 
of the /-test the probability of obtaining 
as great a difference as that observed, 
based on the assumption made. Thus 
at a 5S per cent confidence level a prob- 
ability greater than 5 per cent would not 
be sufficient evidence to discard the null 
hypothesis, and so it would not be judged 
that the means are significantly differ- 
ent. 

When a difference is significant it 
means that two universes or lots cast 
from different patterns are not inter- 
changeable. When the difference is 
marked “not significant,” then the two 
groups or universes are indistinguishable 


‘ vou Siteiea Methods, John Wiley and Sons, Inc., New 
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TABLE Il.—MEANS AND STANDARD DEVIATIONS, 


Tensile 


Reduction of 
Strength, psi. 


Area, per cent 


Elongation, 


Yield Point, 
psi. per cent 


| Stand- 
ard 

Devia- 
tion 


Heat No. 1 


Stand- 
ard 


Mean Mean Mean Mean 


Devia- 
tion 


Clover leaf 
Horizontal keel block 
Vertical keel block 


46110 
43945 
44641 


1144 
1164 
846 


Heat No. 2 


Double keel block 


44028 
Horizontal keel block............. : 


| 43772 


1316 


1126 78462 
78558 


TABLE III.—SIGNIFICANCE OF DIFFERENCE OF MEANS. 


Significance of 


Patterns Compared ifference 


Property Probability* 


Heat No. 1 


Horizontal pom versus 


<0.01 
vertical keel b 


<0.01 
=0.02 
=0.50 


<0.01 

<0.01 
0.40<P<0. 
0.30<P<0. 


significant 
significant 
significant 
not significant 


elongation 
reduction of area 


block versus 


yield point 
vertical keel block 


tensile strength 
elongation. 
reduction of area 


significant 
not significant 
not significant 


significant 

not significant 
ignificant 

not significant 


Cloverleaf versus vertical 
1 block 


yield point 
kee 


tensile strength 
elongation 
reduction of area 


— 


Double keel block versus 


yield point 
horizontal keel block 


tensile strength 
elongation 
reduction of area 


not significant 
not si cant 
significant 
significant 


greater than 
approximately 


TABLE IV.—PROBABILITY THAT THE DIFFERENCES OF SCATTER ARE DUE ONLY TO CHANCE. 


Probability® 


Number of Universes | Odd Variance 


Heat No. 1 


Yield point 
Tensile strength 
Elongation 
Reduction of area 


0. whey 2 


2 universes 
2 universes 
same universe 
2 universes 


vertical keel block 
vertical keel block 


cloverleaf_ 


Yield point 
Tensile strength 
Elongation 
Reduction of area 


same universe 
same universe 
same universe 
different universes 


tr, 
Sample 
| tion | | tion 
7073. | 420 | 32.4 | 2.1 | sez | an : 
77218 | 538 | 31.3 | 1.7 | 54.8 | 3.0 
79472 | 190 | 31.0 | 1.9 | 54.2 | 2.5 
9 28.9 1.9 46.2 4.3 a= 
<0.01 
>0.90 
<0.01 
1.00 
Heat No. 2 
0.3<P<0.4 
P=0.5 
P>0.01 
P>0.01 
® Various signs and abbreviations in this column are explained as follows: _ . fs 
0 0.05 | | 
Heat No. 2 
P<0.05 
Various signs nd abbreviations in this column are explained as { 
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and different only by chance. The prob- Rider* gives a method of checking the 
ability 0.05 has been arbitrarily chosen homogeneity of several variances based 
as the “fiduciary limit,” which if ex- on differences between the variances 
ceeded renders the difference insignifi- and their weighted mean. The proba- 


0.99 Vertical Keel Block | 


0.9099) \ Tensile Strength 
O95 + Plate 70 


| 1o.99 — Vertical Keel Block 
| Plate 


> 


Sample Size 


Sample Size 


500 700 900 1300 
Error, psi. 


Elongation Reduction of Area 


O9\ \095\0.99 Cloverleaf 
\ \ ——-—[Vertical Keel 
295 - Block | 


|Plate 


NS 


Error, per cent Error, per cent 


Fic. 5.—Minimum Number of Samples Required If the Average of the Sample Is Not To Be Further 
Than the Allowed Error from the True Average in 0.7, 0.8, 0.9, 0.95 and 0.99 Cases (7, 8, and 
9 Chances in 10; 95 and 99 Chances in 100). 


cant. It is quite possible that before bilities of obtaining these differences 

condemning a given design of coupon by chance are shown in Table IV. At a 

the comparison should be based on a_ 5 per cent fiduciary limit the variances 

much smaller limit. . of yield point are not shown to be dif- 
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Yield Point 


Tensile Strength 


09 0.95 
0.99 


Sample Size 


500 700 9300 1100 1300 1500 
’ Error, psi ; 


Reduction of Area 
Elongation Plote 


logs \2.99 Double 
J Keel Block 


"N \ 
08 \ 


\ \ 


I 2 3 
Error, per cent Error, per cent 
Fic. 6.—Minimum Number of Samples Required If the Average of the Sample Is Not To Be Further 
Than the Allowed Error from the True Average in 0.7, 0.8, 0.9, 0.95 and 0.99 Cases (7, 8, and 
9 Chances in 10; 95 and 99 Chances in 100). 
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ferent, but due to the probability given, 
the variances were compared pairwise 
as were those for other properties where 
heterogeneity was more clearly indicated. 

In order to find which variances 
caused the heterogeneity, the variances 
were paired with each other for com- 
parison. Making use of the ratio of the 
squares of the variances and the trans- 
formation that the ratio is exponential 
(2Z) and that Z has Fisher’s distribution, 
Rider* gives a method of computing the 
probability that the two variances in 
question are the same. In no case was 
there more than one variance which 
caused the heterogeneity. This variance 
is listed as the odd variance in Table 
IV. When the result indicates the 
existence of two separate universes, 
that is, two degrees of scatter which 
cannot be due to chance, the specimens 
producing the odd scatter are indicated 
in the column headed “Odd Variance.” 

It is possible to calculate from Table 
III how many results must be averaged 
in order to be sure that the resulting 
figure falls within any desired distance 
from the true average of the entire lot 
of the material: that is, from the average 
of a very large number of tests. The 
results can be shown in the form of 
curves, as in Figs. 5 and 6. 

It will be plain from the graphs of 
Figs. 5 and 6 that the number of speci- 
mens required depends upon how great 
a departure from the true average value 
is tolerable for a given purpose and also 
on the certainty that this error is not 
accidentally exceeded. The latter is ex- 
pressed as a probability of chance occur- 
rence: that is, as the odds that the error 
may be greater than that desired. The 
number of specimens required increases 
rapidly as the permissible error de- 
creases or as the odds that the assumed 
error will be exceeded by accident de- 
creases. It varies with individual shapes 
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each of the several static properties 
usually observed in the tension test. 


TABLE V.—NUMBER OF TESTS REQUIRED 
FOR GIVEN DEGREES OF ACCURACY FOR 
DOUBLE KEEL BLOCK. 


Probability (chances 
in 100)........ 1 5 10 20 30 
Acceptable Variation Number of Tests Required 
Yrewp Point 
500 pal... ....ccccecees 34 20 14 9 6 
24 | 14 | 10 6 4 
18 | 10 8 5 3 
14 8 6 + 3 
il 6 5 3 2 
5 a 3 
eee 6 + 3 2 
2 
TENSILE STRENGTH 
286 | 166 | 177 72 47 
72 | 42 | 30 | 18 | 12 
| 32 19 13 6 
18 | 8 5 3 
12 7 5 3 2 
3 2 
ELONGATION 
1 per cent.. 17 10 5 3 
2 per cent.. 5 3 3 2 2 
REDUCTION OF AREA 
Po 60 35 24 15 10 
2 per cent............. 15 9 6 4 3 
7 4 2 2 
4 per cent............. 4 3 eee 
S per cent......+.....- 3 2 . 
6 per cent............. 2 oes 


of 
CONCLUSIONS 
1. The uniformity of test results de- 
pends upon the design of the coupon 
that is used. There is no one single best 
form of coupon. Presumably the most 
desirable. coupon design would be that 
having the lowest degree of scatter of 
the test values. However, the coupon 
design does not have the same order of 
rating for each of the four mechanical 
properties tested. It is, therefore, a 
matter of choice which property should 
be kept most uniform. From that choice, 
once made, it may be possible to select a 


of test coupons and is not the same for 
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design and base further speci- 
fications on that form alone. 

2. It has been found that a surpris- 
ingly large number of tests must be 
made for a single heat of steel if any 
precise knowledge is achieved as to the 
true average value of the mechanical 
properties of that heat. 

By way of illustration, Table V gives 
the number of specimens which must be 
tested and averaged to obtain a result 
which does not differ from the true av- 
erage by an amount greater than that 
indicated in the column headed ‘“Ac- 
ceptable Variation.” This number of 
specimens varies with the degree of ac- 
curacy desired and has been calculated 
for five different probability factors. 

Thus, the first column in the table 
shows the number of specimens which 
must be tested in the event it is desired 
that their average will not differ from 
the true average (with the accepted 
variation) more than once in 100 trials. 
In like manner, the second column 
gives the number of specimens required 
if their average is not to differ from the 
true average (with the accepted varia- 
tion) more than 5 times in 100 trials. 
The remaining three columns give the 


ha 


same data for probabilities of 10 exces- 
sive variations per 100 trials, 20 exces- 
sive variations per 100 trials, and 30 
excessive variations per 100 trials. 


As an example, assume that it is de- 
sired to determine how many test bars 
must be pulled in order to obtain aver- 
age results which will not vary more than 
500 psi. from the true average for tensile 
strength and that this result can be 
counted upon at least 90 times out of 100 
trials. From the table, reading across 
from the 500 psi. in the column headed 
“10,” it may be found that to accom- 
plish this, 5 test bars must be pulled 
and their results averaged. 

The actual figures differ with the type 
of coupon used and Table V is based on 
the conventional double-keel block. 


Acknowledgments: 


This work was conducted for and with 
the advice, financial support and assist- 
ance of the Technical Research Commit- 
tee of the Steel Founders’ Soc. of Amer- 
ica and its Technical and Research 
Director, C. W. Briggs. Thanks are due 
that Society for permission to publish 
the results. 


ae 


' 
\ 
{ 
é i 


@ 


A series Re more than 2800 individual hardness readings v were 
made on the flat and curved surfaces of carefully prepared steel specimens of 
small diameter to determine the deviations of hardness readings taken on 
curved surfaces from the “true” values of flat areas. Eighty steel specimens of 
eight diameters were turned down from larger stock to assure homogeneous 
metal, heat treated to obtain ten ranges in hardness in each size group, and 
then ground to size with a fine degree of surface finish. The hardness tester was 
operated and calibrated in accordance with the practices recommended in 
A.S.T.M. Standard Methods (E 18-42)? except, that even stricter control 
was exercised over some variables. The resultant deviations, when plotted, in- 
dicate line relationships of such slight curvatures that straight line averages, 
obtained by the method of least squares, were utilized and considered suffici- 
ently accurate for all practical purposes. 

Correlation curves are presented which may be used to obtain actual Rock- 
well C hardness values from measurements made on cylindrical surfaces of the 


following diameters: },3,3,%,3,%, 1, and 1} in. 


It was observed that many specifi- 
cations and drawings for round steel 
objects prescribed Rockwell C hardness 
requirements which were not met when 
the articles were tested on the curved 
surfaces. It was believed that errors of 
considerable magnitude were involved in 
measuring Rockwell C hardness on small 
diameter cylindrical surfaces and assum- 
ing that the values thus obtained were 
representative of the actyal hardness of 
the metal. Since no usable information 
was found in the literature, this program 
was initiated to determine experimentally 
the deviation of the apparent from the 


* Presented at Ce Fifty-third Annual Meeting of the 
Society, June 26-30, 1 

1 Frankford "Philadelphia, Pa. 

2 Standard Methods of Test for Rockwell Hardness and 
Rockwell Su cial Hardness of Metallic Materials 
o> - 42), 1949 Book of A.S.T.M. Standards, Part 2, p. 
1025. 


“true” hardness when conducting tests 
on curved steel surfaces in the hardness 
range of 20 to 65 Rockwell C. 

This project was chiefly suggested 
during a study of the results of ac- 
ceptance tests on special small diameter 
thick-walled tubular items. The results 
of Rockwell C hardness tests made 
directly on these items were often a 
few points under the requirements. The 
accuracy of such tests in indicating the 
“true” hardness of the metal was 
questioned and a search was made for 
informative data on the subject. The 
opinions of authorities differed regarding 
the probable errors involved in the 
hardness testing of small steel cylinders 
when using the Rockwell C scale. Some 
authorities stated that there was little 
deviation of the apparent from the 
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“true” Rockwell C hardness for steel 
down to $-in. diameter, while others 
stated that the curvature should always 
be reported because of the error involved. 

The only specific information on the 
subject at the initiation of this program 
was a group of curves which were fur- 
nished by the Wilson Mechanical In- 
strument Co.’ These curves supposedly 
indicated the minus errors in points 
Rockwell C which occurred in measuring 
the hardness on steel cylinders from 
+ to 1} in. in diameter. It was requested 
that discretion be used in applying the 
curves because they were derived merely 
by computations after developing a 
formula in which many assumptions 
were made. The accuracy of the pre- 
dicted corrections was obviously too un- 
certain for the direct application of the 
curves, but they did serve to arouse 
interest in the problem in view of the 
errors indicated. Later experimental 
results confirmed the theoretical cal- 
culations within reasonable limits. 

The proposed investigation was also 
to supplement the work of W. E. 
Ingerson* who reported experimental 
results of hardness tests on specimens 
from } to 1 in. diameter of materials in 
the hardness ranges of the Rockwell 
B, F, and G scales. Ingerson found that 
the variations in apparent hardness, as 
measured on flat and curved surfaces, 
checked the theoretical differences, in 
general, closer than } to 1 Rockwell 
number. 

During the course of this project the 
first published article on the subject 
appeared in Metal Progress5 This paper, 
by Fleischmann and Jenkins, reported 


3 Letter from the Wilson Mechanical Instrument Co., 
Inc., dated March 22, 1940, to Frankford Arsenal, atten- 
tion of Mr. N. Murdza. 

4W. E. Ingerson, ‘Rockwell Hardness of Cylindri- 
cal Specimens, ’’Proceedings, Am. Soc. Testing Mats. 
Vol. 39, p. 1281 (1939). Experimental results substantiated 
theoretical calculations for correcting hardnesses of cylin- 
ders in the Rockwell B, F, and G scales. 

5W Fleischmann and R. S. Jenkins, “Rockwell 
Hardness (Diamond Penetrator) of Cylindrical Speci- 
mens.” Metal Progress, Vol. 47, No. 2, February, 1945, 
pp. 275-277. Experimental results of Rockwell C hardness 
tests on small diameter cylindrical steel specimens, with 
a nomograph for finding corrections. 
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Rockwell C hardness of five diameters of = 


steel cylinders from 0.250 to 0.630 in. 
Another contribution to the subject was 
a series of correction factor curves for 
the Rockwell B, C, 30N, and 30T 
scales for specimens up to one inch in 
diameter. These were determined em- 
perically by David Wallace and were 
published in Materials and Methods. 


METHODS 
Specimen Material: 


A non-shrinkable deep oil-hardening 
steel having the following composition 
was used for these tests: 


Carbon, per cent 
Manganese, per cent 
Phosphorus, per cent 
Sulfur, per cent 
Silicon, per cent 
Nickel, per cent 
Chromium, per cent 
Molybdenum, per cent 
Tungsten, per cent 
Vanadium, per cent.. 


Preparation of Specimens: 


the errors resulting in measuring the = 


3 


The homogeneity of the bar stock was 


determined by microscopic examinations 


of small sample disks. The initial de-— 


carburization was slight and extended to 
a radial depth of from 0.001 to 0.002 
in. The examination, however, revealed 


zones of abnormal grain size at the > 


surfaces of the bar stock. This zone was 
0.031 and 0.046 in. deep in the } and 


1} in. diameter stock and approximately — 


0.015 in. deep in the other sizes. In 


order to provide homogeneous metal of 


approximately uniform grain size, the 

outer abnormal area was removed. 
Specimens from to }-in. diameter 

were machined from stock } in. larger 


in diameter, while 1- and 1}-in. speci- — 
mens were prepared from 1}- and 14-in. 


diameter stock, respectively. Eighty test 


specimens consisting of ten of each 
diameter were turned down as men- 


® David Wallace, ‘‘Rockwell Hardness Correction 
Factors,” Materials and Methods, Vol. 23, February, 1946, 
p. 471, 473 (File Facts No. 106), series of correction curves 
or Rockwell B, C, 30N, and 30T scales covering diameters 
up to 1 in. 
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tioned, but left uniformally 0.005 in. 
oversize to allow sufficient stock for 
final grinding after heat treatment. This 
also permitted the removal of any pos- 
_ sible decarburization which might have 
occurred during heat treatment. 

The oversize specimens were quenched 
after a 20-min. soak at 1475 F. and then 
tempered for 2 hr. according to the 
following schedule: 


Desired Hardness 
Tempering Temperature, | Hardness, Obtained, 
deg. Fahr. Rockwell Rockwell 

“C’”’ Scale* 


* Average for the eight sizes of specimens. 


The heat-treated specimens were then 
centerless ground to the desired diam- 
eters, and approximately the same 
thickness of metal was also removed from 
the flat surfaces on a surface grinder. 
The resultant diameters, within + 
0.001 in. were very close to the decimal 
equivalents of the fractional sizes. 


Testing Procedures—Precautions Taken 
to Insure Accurate Results: 


In general, the hardness determi- 
nations were made according to the pro- 
cedures recommended in A.S.T.M. 
Standard Methods of Test for Rockwell 
Hardness of Metallic Materials 
(E 18 - 42).2 In most instances, any de- 
partures from the recommended practices 
were in observing even stricter controls 
than are usually required. The useful 
range of the Rockwell C scale is from 
20 upwards. Values below 20, however, 
were recorded and used for the curved 
surface hardnesses of the softest cylinders 
since the “‘true” or flat surface hardness 
of these specimens was approximately 
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The tests were all made on a hand- 
operated Rockwell Hardness Tester. 
This machine was kept in a glass case at 
all times and used only for special 
testing. A new diamond sphero-conical 
penetrator was obtained and used 
throughout the investigation. The ac- 
curacy and surface condition of the 
penetrator’s contour were checked before 
its use and occasionally during the tests 
by examination with a magnifying lens. 
The machine and penetrator were cali- 
brated before and after each series of 
tests by checking the low end, high end, 
and the middle of the scale range against 
standard test blocks. The dash pot on the 
Rockwell Hardness Tester was checked 
and adjusted, if necessary, before each 
series of tests so that the operating 
handle completed its travel in from 4 to 
5 sec. with no specimen in place in the 
machine and with an applied major load 
of 100 kg. In applying the minor load, 
A.S.T.M. Methods E 18-42 indicate 
the proper procedure if the pointer has 
made the correct number of revolutions 
and stands within +5 divisions of the 
“SET” position at the top of the dial. 
During all of these tests, the minor load 
was applied so that all settings were 
within +2 divisions of “SET”. In 
order to provide the utmost uniformity 
in releasing the major load, an interval 
of 2 sec. was counted after the weight 
arm was completely free from the control 
of the dash pot before returning the 
operating handle to its normal position. 

Rockwell hardness numbers are or- 
dinarily sufficiently accurate when re- 
ported to the nearest scale division of the 
dial, which is represented by a whole 
number. In an effort, however, to in- 
dicate more closely the differences be- 
tween hardness numbers as measured 
on flat and adjacent curved surfaces, the 
location of the pointer was estimated to 
tenths of dial divisions and was thus 
recorded and used. It was observed, 
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during the first series of tests, that the 
ordinary vibration and jar caused by 
near-by tension or impact testing were 
sufficient to affect the readings, especially 
when estimating to tenths of dial di- 
visions. Therefore, all subsequent tests 
were made at night when little or no 
other mechanical testing was in progress. 
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the V-notch type, assured correct align- 
ment of the specimen axis with that of 
the penetrator. This anvil, part of the 
machine equipment, had two parallel 
horizontal steel cylinders on which the 
specimen was supported. Whenever an 
anvil was changed, the new one was 
seated by making a few tests on some 


Test Series No. § DOs I, 


Fic. 1.—Locations of Rockwell C Hardness Tests on Flat and Adjacent Curved Surfaces of Speci- 
mens. 


All except the first series of tests were 
conducted by the same person (the 
author), in order to eliminate any 
possible variations due to differences in 
the technique of operating the hardness 
tester. 

A 2-in. diameter flat anvil was used to 
support the specimens for all tests on the 
plane surfaces. In testing the hardness on 
cylindrical surfaces, a suitable anvil of 


spare material before beginning to test 
the specimens. 

Precautions also were taken to provide 
adequate separation of indentations and 
to keep them at safe distances from the 
edges. The distance between any two 
impressions or the space between one of 
these and an edge was maintained at 
least equal to three times the diameter 
of the indentation. 
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Testing Procedures—Manipulations and 
the Treatment of Specimens During 
Tests: 


Before beginning the hardness tests, 
a very light diametrical line with a small 
arrow at one end was scribed on one 
face of each specimen, as an aid in 
indexing the specimen and in locating 
adjacent flat and curved surface test 
positions. Five different series or sets of 
tests were conducted and each series on 
specimens of a given diameter were 
completed during a testing session. 
Figure 1 shows the general locations of 
testing positions on the cylindrical and 
flat surfaces of the blocks. In test series 
No. 1, as shown at the top of Fig. 1, the 
indentations were about } in. from the 
edges on samples sufficiently large for 
this spacing. On the smaller specimens, 
they were closer to the edge, and greater 
care was required to keep the indenta- 
tions a safe distance apart and away from 
the edge of these specimens. The first 
impression on the flat surface was made 
at the arrow end of the line but offset 
from it. The sample was rotated 90 deg. 
for each subsequent test until four 
determinations were made on the flat 
surfaces of all specimens of that size 
group. When the tests were completed on 
the flat surfaces of one or more groups, 
the V-notch anvil was inserted and 
properly seated for series of tests on 
cylindrical surfaces. The first test on the 
curved surface was made in line with the 
arrow or adjacent to the first test on the 
flat surface. The specimen was then 
rotated 90 deg. for the second curved 
surface test which was just over the 
side and in line with the second plane 
surface test, and so on until the series 
was completed for the entire set of 
specimens. The second and third test 
series utilized side No. 2 or the plane 
surface opposite to that used for the 
first test series. It was necessary, before 
proceeding with the second test series, to 


grind side No. 1 so as to remove the 
ridges surrounding the indentations and 
thus provide complete plane surface 
support for the subsequent tests. This 
was done in the manner of preparing 
metallographic specimens by working 
the specimens back and forth on No. 
1G grade emery cloth placed on a piece 
of plate glass. This process was repeated 
on side No. 2 before the fourth test 
series which again employed flat side 
No. 1. 

Upon completion of the first four series 
of tests, the specimens were ground in 
preparation for the fifth test series, to 
remove the ridges resulting from tests on 
the cylindrical surfaces. These were re- 
moved with very little change (less than 
0.001 in.) in the basic diameters. A 
flat surface, approximately } in. wide, 
was ground on a surface grinder in the 
manner shown in the lower sketch of 
Fig. 1. This flat, ground across the curved 
surface, was equidistant from previously 
made indentations. In the fifth set of 
tests, the specimen was supported in 
V-notch anvil for tests on both the 
ground flat and the adjacent curved 
surfaces. Great care was exercised to 
maintain the flat surface normal to the 
penetrator during the five tests made 
along this surface. Five hardness de- 
terminations were then made on the 
curved surface on both sides of the 
flat. 

All five series of tests were conducted 
only on those specimens which were } 
in. in diameter or larger. Because of their 
size and limited area for making the 
tests, the }- and ?-in. specimens were 
carried through only the first and second 
series. 

The differences between the higher 
hardness readings obtained on the flat 
surfaces and the somewhat lower values 
for the nearby curved surfaces were cal- 
culated as the testing progressed and 
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As indicated in Fig. 1, two readings were 
made on the cylindrical surface to one 
on the flat in the fifth series of tests. 
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age 


tion of flat surface hardness) against the 
hardness obtained on the curved surface. 


It was found necessary to use an ex- 
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Fic. 5.—Trend of Errors in Rockwell C Hardness Readings Due to Curvature of § (0.625)-in. Diam- 
eter Specimens. 


on the cylindrical surface was used in 
calculating the deviations. The results 
were plotted in several different ways, 
but the most applicable was found to be 
that showing the correction (plus devia- 


accuracy the relationship of the Rock- 
well C hardness on flat surfaces to the 
Rockwell C hardness of curved surfaces. 
This method of presenting the findings 
was therefore abandoned. 
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It was mentioned that inadequate RESULTS AND CONCLUSIONS 
control of testing conditions during the The trends of errors indicated by the 
first series of tests caused discrepancies deviations of readings made on both 
in the results of that series. In view of flat and curved surfaces of the specimens 
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Fic. 6.—Trend of Errors in Rockwell C Hardness Readings Due to Curvature of } (0.750)-in. Diam- — r 
eter Specimens. 
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Fic. 7.—Trend of Errors in Rockwell C Hardness Readings Due to Curvature of } (0.875)-in. Diam- 
eter Specimens. 


the uniformity of subsequent data, are shown on Figs. 2 to 9. For practical 
obtained under more carefully controlled application, ‘Plus corrections (Devia- 
conditions, the results of the first series tion of Rockwell C Hardness on Flat 
were eliminated in the final analysis. Surface)” are plotted as ordinates against 


1183 
e 
€ 
| 
° 
o- 
| 
| 
| | 
> 
5 ol 
4 
be 
~ 


“Rockwell C Hardness on Cylindrical 
Surface” as abscissas. Each determi- 
nation is indicated by a dot and one con- 
centric circle so that the number of 
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dotted line joins the arithmetical aver- 
ages of tests on individual specimens and 
is included only as a matter of interest. 
The least squares average curve for \ 
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concentric circles signifies the number of 
identical values or deviations. The solid 
line is that obtained by the method of 
least squares as the one most repre- 
sentative of the various values. The 
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Fic. 9.—Trend of Errors in Rockwell C Hardness Readings Due to Curvature of 1} (1.250)-in 
Diameter Specimens. 


each size of specimen is replotted in Fig. 
10 to provide a summary of the cor- 
rections to be added to the Rockwell C 
hardness readings obtained on cylinders 
of any of these diameters. 
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The deviations of hardness values 
measured on curved surfaces from those 
obtained on flat areas are greatest at the 
lower end of the hardness scale and for 

the smaller diameters. Moreover, the 
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curve to cross the other correction 
curves as it does in Fig. 10, but no 
satisfactory explanation for this can 
be made. Even though the } and 3 in. 
diameter curves are not representative 
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Fic. 10.—Trend of Errors in Rockwell C Hardness Due to Curvature of Various Diameters or 
Corrections to be Applied to Cylindrical Surface Hardness Readings. 


curved surface hardness approaches that 
of the plane surface at the higher values 
or for the harder material. It is reasonable 
to assume that curves representing the 
true relationship would be hyperbolic 
such as those derived theoretically 
through calculations. The experimental 
results, however, with the normal scatter 
of points, indicate such slight curvatures 
that straight line averages are considered 
adequate for practical application. 
unreasonable for the 


3-in. 


of as many tests as are the larger sizes, 
these are considered adequate for prac- 
tical applications. 

The results obtained in this investi- 
gation exhibited practical agreement 
with those predicted by calculations.* 
A comparison of the two sets of curves 
showed the greatest divergence in the 
3 in. diameter. The average separation, 
however, was less than one-half a 
Rockwell C number, with the experi- 
menta! corrections uniformly higher for 
the § in. and larger diameters. 
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Mr. Tuomas J. Doran.'—This is a 
very timely subject and the author is to 
be congratulated for presenting some 
very useful data. We have been con- 
cerned with this problem in connection 
with other mechanical tests (such as 


often very convenient to be able to ob- 
tain and interpret hardness readings on 
the curved surfaces of cylindrical test 
bars. 

I should like to ask a question in con- 
nection with the shape of the indenta- 
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Rockwell Hardness, C Scale,on Cylindrical Surface 
Fic. 11.—Comparison of Rockwell Hardness Results on Cylindrical Surfaces. 


those presented in the paper by Sinclair 
and Dolan’) in trying to heat treat groups 
of specimens to the same hardness for 
comparative purposes. In general, it is 
1 Dept. of Theoretical and Applied Mechanics, Uni- 
versity of Illinois, Urbana, Ill. 
2G. M. Sinclair and T. J. Dolan, “Some Effects of 


Austenitic Grain Size and Metallurgical Structure on the 
ical Properties of Steel,” see p. 587, this publica- 
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tion. It occurred to me that perhaps some 
of the differences that have been noted 
in tests of different metals might possibly 
be related to the shape of the surface 
around the indentation. That is, the edge 
or lip surrounding the indentation in 
some materials may be protruded or 
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raised; in other materials the indentor 
may cause a neighboring depression of 
the surface in the region of the indent. 

It would seem possible that the sharp- 
ness of curvature of the test surface 
might influence the hardness reading to 
different degrees, depending upon the 
shape of surface contour in the region of 
the indentation. I should like to ask the 
author whether he observed any evidence 
of differences in type of local distortion 
of the perimeter of the indentation in 
the materials he investigated. 

Mr. V. E. Lysacut® (by letter) —This 
is another welcome paper to the problem 
of Rockwell hardness on cylindrical steel 
specimens. The samples were very care- 
fully prepared and a large number of 
tests made. 

It is very difficult to explain the cross- 
ing of the 4-in. line. Previously pub- 
lished work failed to find this. Some time 
ago a theoretical study of this problem 
was made by the Wilson Mechanical 
Instrument Co. The curves are shown 
plotted in Fig. 11 superimposed over 
Hussey’s work. It will be noted that 
there is generally good agreement except 
for the }-in. diameter. 

Wallace* made a very complete study 

4 Ass’t. to the President, Wilson Mechanical Instru- 
ment Co., Inc., New York, N. 


4David Wallace, “Indentation Hardness Testing,” 
Reinhold Publishing Co., New York, N. Y. 


of this. To add his curves to the chart 
would mean the curves would all run 
together at the higher values. However, 
his }-in. curve is shown and it seems to 
indicate an opposite tendency. 

Mr. F. W. Hussey (author’s closure). 
—In reply to Mr. Dolan, the investiga- 
tion was concerned with only one type 
of material. The 80 specimens were all 
made of the same non-shrinkable oil- 
hardening steel. There were no significant 
differences observed in the type of in- 
dentation. All impressions were of the 
raised rim or “ridging’’ type. 

Mr. Lysaght had good reason to ques- 
tion the results derived for the }-in. di- 
ameter. This inconsistency has also 
plagued the author, who conducted the 
tests, but observed nothing irregular in 
taking hardness readings on the }j-in. 
diameter specimens. The possibility of 
instability, which had been suggested, 
was ruled out in view of the careful 
specimen preparation, and precisely 
square ends. In calculating the least- 
square average curves, the elimination 
of values below Rockwell C 20 caused 
only a very slight change in the slope of 
the curve. In view of the relatively good 
agreement in all other sizes, the author 
recommends caution in the use of his 
data for the }-in. diameter, and addi- 
tional tests on this size of specimen. _ 
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By R. L. 


Although the A.S.T.M. Standard 
Methods of Tension Testing of Metallic 
Materials (E 8 - 46)? do not specifically 
impose a minimum limit on the size of 
specimen that may be used, the smallest 
one illustrated is 0.252 in. in diameter 

64 Thds. per in. 


R=2 to 3d 
0.086° diam 
+ 0.0003" to 0.0005" 


Fic. 1.—Miniature Size Tension Test Specimen, 
0.05-in. Diameter. 


20 N.C. Thds. per in. 


0.078" diom 


A METHOD FOR MAKING TENSION TESTS OF METALS USING 
A MINIATURE SPECIMEN* 


AND W. C. ABER! 


tions are such as to preclude the use of 
tension test specimens of the usual sizes. 
In developing and using small tension 
test specimens, it must be recognized 
that results obtained from tests of metals 
having very coarse grains, that is, grains 
that are large in relation to the cross- 
section of the specimen, in all probability 
will not check closely the results obtained 
from tests of the same material when us- 
ing large size specimens. If, however, 
both small and large specimens are used 
for testing material having relatively fine 
grains and the specimens are geometri- 
cally similar, results from the different 
sizes of specimens should be in reasonable 
No. 2-64 N.F top-%p deep 
0.078" diam. 


d 

7 
8" 


Fic. 2.—Tension Shackle for Miniatu 


and about 3 in. long. Federal Specifica- 
tions QQ-M-15la recognize a specimen 
as small as 0.113 in. in diameter with an 
over-all length of 154 in. Occasionally it 
is necessary to determine the tensile prop- 
erties of metal products when only small 
samples are available or when the dimen- 
sions of the pieces in one or two direc- 


* Presented at the Fifty-third Annual Meeting of 
the Society, June 26-30, 1950. . 
1 Aluminum Research Laboratories, Aluminum Com- 
pany of America, New Kensington, Pa. 

#1949 Book of A.S.T.M. Standards, Part 2, p. 993. 


re Test Specimen (Two Required). ¥ 
agreement, provided the material is ho- 
mogeneous or that the specimens are 
similarly located and oriented with re- 
spect to the sample from which they are 
taken, and similar technique is used in 
testing the specimens. 


Tue Test SPECIMEN AND 
EQUIPMENT 


The small tension test specimen stud- 
ied in this investigation (Fig. 1) hasa 
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On TENSION TESTS ON MINIATURE SPECIMENS 


reduced section 0.05 in. in diameter by 
4 in, long and has an over-all length of 
34 in. The threaded ends are 0.086 in. in 
diameter with 64 threads per inch. Elon- 
gation is measured over a gage length of 
4D (0.2 in.). The specimen is proportional 
to the standard }4-in. diameter speci- 
men having a 2-in. gage length and an 
over-all length of 5% in. 

A specimen of the size just indicated 
requires that considerable attention be 
accorded the design of the tension shack- 
les to be used, in order to realize the 
required uniform and axial loading of the 


specimen. The tension shackles devel- 
oped for this purpose are shown in Fig. 2. 
The reduced section at A serves to func- 
tion instead of the more commonly used 
spherical joint in such shackles. The use 
of an additional similar reduced section 
as shown by the dotted lines at B might 
further improve the test results obtained, 
particularly if the female threads in the 
end of the shackles were not closely coin- 
cident with the longitudinal axes of the 
shackles. The elastic strength of the re- 
duced portions of the shackles, of course, 
should be greater than the breaking 
strength of the specimens to be tested. 
The shackles are attached to the spheri- 
used for testing 


_ developed for this 
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the standard specimens, by means of 
threaded bushings. 

Tensile strength and elongation values, 
using the small specimen, are relatively 
easy to determine, although it is neces- 
sary to be very careful in measuring the 
diameter of the reduced section, applying 
gage marks and measuring the distance 
between them both before and after frac- 
ture of the specimen. 

In order to determine yield strength, 
using such a small specimen, a very small 
strain gage is necessary. The strain gage 
purpose is shown in 


Fic. 3.—0.1-in. Strain Gage and Attaching Clamp. 


(b) 


Fig. 3(a). It has a 0.1-in. gage length 
and a mechanical magnification of ap- 
proximately 40 and is similar in design 
to one described by Peterson and Wahl,® 
but is of simpler construction in that it is 
comprised of only seven parts. The gage 
is held on the specimen by means of the 
clamp shown in Fig. 3 (6). The total 
weight of gage and clamp is 0.03 oz. The 
extension occurring in the specimen dur- 
ing testing is magnified by the strain 
gage, then measured with a Zeiss shop 
type measuring microscope which reads 
directly to 0.01 mm. and by estimation 

+R. E. Peterson and A. M. Wahl, ““Two- and Three- 
Dimensional Cases of Stress Concentration, and Compari- 


son with Fatigue Tests,’’ Journal of Applied Mechanics, 
Vol. 3, No. 1, March, 1936, pp. A-15 to A-22. 


ne 
a 
| | 
| Se 
Yao Diom.0.0x 0.005" Woll 
i 
j 
~ 
+ 
- 
ue 
| 
5: 


al | 


=, 
190 


to 0.002 mm. The complete arrangement 
of specimen, shackles, strain gage and 
microscope, ready for making a tension 
test, is shown in Fig. 4. ; 


TEST PROCEDURE 


. 4 The procedure for making tension tests 


with the small specimen is similar to that 
used for the larger specimens, but ex- 
treme care must be exercised throughout 
the tests because of the delicacy of the 


TEMPLIN AND ABER 


specimen and some of the equipment 
used. 


marks to an 0.05-in. diameter test speci- 


(0.05 in. Diameter). 


The following method of applying gage 


n Test of Miniature Specimen 


men differs from that used for specimens 
of larger diameter but was necessary to 
prevent damage to the small specimen. 
The specimen was machined to size and 
removed from the lathe, after which the 
diameter of its reduced section was meas- 
ured ~ means of Brown & Sharpe jew- 
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elers’ micrometer calipers which could be 
read directly to 0.0001 in. After the diam-. 
eter was measured, the reduced section 
was coated with lay-out fluid and the 
specimen was returned to the fixture for 
holding it in the chuck of the lathe. Gage 
marks were placed upon the reduced sec- 
tion 0.2 in. apart by marking through the 
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Because of the small size of the speci- 
men and the delicacy of the strain gage, 
it is very difficult to mount the strain 
gage on the specimen at an exact gage 
length of 0.1 in. However, for the deter- 
mination of yield strength of a material 
whose modulus of elasticity is known, it 
is not necessary to set the strain gage 
precisely to a given gage length nor to 


= 


REDUCED SECTION 


d= 0.500" 0.005” 


I" 


V2-IN. SPECIMEN 


0.438 0.004 
“d+0.003" TO 0.004°~ 
3" 
4 


V6- IN. SPECIMEN 
‘d+0.002 TO 0.003” 


3 
af- 
SPECIMEN 


\ 0.313" 0.002” 
d+0.001" T0 0.00 


SPECIMEN 


A \d=0.188't 0.901 
| 32 | 


3/6-IN. SPECIMEN 

Gt 


\d=a2s0't 0.007" / 
4+0.001"T0 0.002" 


\A—IN. SPECIMEN 


Fic. 5.—Proportional Sizes of Round Tension Test Specimens. 
Note.—In general, the largest possible size of specimen should be used. Reduced section has gradual taper from = 


ends to middle. 


wood stylus held in the tool post of the 
lathe. The stylus was moved from the 
position for placing one gage mark to the 
position for placing the other gage mark 
by means of the micrometer screw of the 
compound rest of the lathe. Both before 
and after fracture, the distance between 
the gage marks on the specimen is meas- 
ured by means of the measuring micro- 
scope previously mentioned. 


. 


know the exact magnification of the 
strain gage. It is sufficient to mount the — 
strain gage at approximately the correct — 
gage length and then to apply incre- 
ments of load and record the correspond- 
ing strain-gage readings. After the data 
are obtained, the load and strain-gage 
readings are plotted and the load corre- 
sponding to the yield strength may be 
determined from the resulting curve 
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when the modulus of elasticity of the 
material and the original area of the 
specimen are known. 

Although the exact magnification of 
the strain gage need not be known for 
determination of yield strength by this 
method, the strain gage was calibrated 
previously and was found to indicate 


TEMPLIN AND ABER 


were located midway between the center 
and the outside surface of the rod. Two 
complete sets of eight specimens each 
were prepared to furnish duplicate results 
for each size of specimen. 

The larger specimens were tested using 
an Amsler type 10 SZBDA machine with 
seven different capacities ranging from 
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Strain Gage Reading , mm. 


Fic. 6.—Tension Load-Strain Curves of Aluminum Alloy 14S-T6 Rod Obtained from Tests Using 


readings within satisfactory limits of ac- 
curacy. 

In order to compare the results ob- 
tained from the miniature specimen with 
similar data from larger specimens, vari- 
ous sizes of the tension specimens ranging 
in diameter from % in. to % in. (Fig. 5) 
were machined from the same sample of 
aluminum alloy 14S-T6 rolled rod. The 
axes of all the specimens were parallel 
to the direction of rolling of the rod and 


Miniature Specimens. 


200 Ib. to 20,000 Ib. Previous calibration 
in accordance with A.S.T.M. Standard 
Methods‘ showed this machine to give 
correct loads within 1 per cent. 

The miniature specimens were tested 
in Southwark-Tate-Emery Universal 
Testing Machine No. 50-T-E-162 which 
was provided with three capacity ranges 
of 500, 5000, and 50,000 Ib. Only the 

4 Tentative Methods of Verification of Testing Ma- 
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smallest load range was used. From pre- 
vious calibration of this machine it was 
known to give load readings for this 
range within less than 0.4 per cent. The 
setup for testing the miniature tension 
specimen is shown in Fig. 4. The support 
for the measuring microscope rested on 
the lower platen of the testing machine 


sponding strain readings observed and 
recorded until the applied load exceeded 
the yield strength of the material. The 
strain gage was then removed from the 
specimen and loading continued to fail- 
ure. It may be pointed out that in the 
tests using the miniature tension speci- 
men two operators are required when 


TABLE I, Se PROPERTIES OF 14S-T6 ALUMINUM ALLOY ROLLED ROD, DETERMINED 
ING DIFFERENT SIZES OF TENSION TEST SPECIMENS. 


‘Diameter, Area, sq. 
in. 


Specimen 


Tensile Strength 


Yield Strength, Elongation | 


0.2 per cent offset in 4D Reduction 


Area, 


per cent 
= per cent 


0.500 
0.500 


Average of all specimens...................- 
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* Deviation from average of all specimens. 


in such a position that the microscope 
could be focused upon both arms of the 
strain gage simultaneously. The testing 
procedure consisted of obtaining readings 
by means of the microscope for each arm 
of the strain gage with no load on the 
specimen and then additional readings 
for each increment of load applied. Incre- 
ments of load were applied and corre- 


making the strain measurements. About 
9 man hours are required for preparing 
the specimen, testing, recording, and re- 
ducing the data for the miniature tension 
specimen as compared to about 24 man 
hour required for making a similar test 
using the standard %-in. diameter 
threaded-end specimen and an auto- 


graphic extensometer. 
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RESULTS OBTAINED 


_ The load-deformation data obtained 
from the tension tests using the minia- 
ture specimen are shown in Fig. 6. The 
load scale can be converted to stress by 
dividing by the cross-sectional area of 
the specimen. The slope of the initial 
portion of each curve, expressed in 
pounds per square inch, is the tensile 
modulus of elasticity of the material, 
10,500,000 psi.® The strain scale, in inches 
per inch, can then be evaluated from the 
stress and the modulus. The 0.2 per cent 
offset is then readily located as shown on 
the curves, and the yield strengths ob- 
tained in accordance with Standard 
Methods of Tension Testing of Metallic 
Specimens (E 8 — 46).? The actual slopes 
of the curves for specimens 1 and 2 are 
different, although the modulus of elas- 
ticity values are the same, because the 
initial gage length to which the strain 
gage was set was slightly different for 
each specimen. 

The larger diameter tension specimens 
from the same material were carefully 
prepared, measured, and tested in accord- 
ance with the A.S.T.M. Standard Meth- 
ods and the yield strength values were 
determined from autographic records 
made by means of a Templin autographic 
extensometer.® 

The mechanical property values ob- 
tained from the tension tests of the speci- 
mens are given in Table I. The data show 
that’ the values from the tests of the 0.05- 
in. diameter specimens are in very good 
agreement with the average values for 
all of the specimens tested. The largest 
difference found occurred in the reduc- 
tion of area values where it may be 
observed that those from the 0.05-in. 
diameter specimens are greater than the 


*R. L. Templin and E. C. Hartmann, “The Elastic 
Constants for Wrought Aluminum Alloys,”’ Technical 
Note No. 966, Nat. Adv. Committee Aeronautics, January, 


945. 
L. Templin, “An Automatic Autographic Exten- 
someter for Use in Tension Tests of Materials,’ Proceed- 
ings, Am. Soc. Testing Mats., Vol. 32, Part II, p. 783 (1932). 


average values for all the specimens. In 
general, the values for the different sizes 
of test specimens are in good agreement. 
In no case did the tensile strength value 
for any specimen of the entire group 
deviate from the average for all of the 
specimens by more than 2.0 per cent. 
The maximum deviation of any of the 
yield strength values from the average 
for all specimens was only slightly 
greater, 2.5 per cent. The elongation 
values for the different specimens ranged 
from 10.7 to 12.6 per cent in 4D. The 
reduction of area values are approxi- 
mately the same, within close limits, for 
specimens from )% in. to 34¢ in. in diam- 
eter but are slightly greater for the -in. 
and 0.05-in. diameter specimens. 

From the results just discussed it has 
been concluded that: 

1. Miniature size tension test ‘speci- 
mens 0.05 in. in diameter can be used 
satisfactorily for the determination of 
tensile strength, yield strength, elonga- 
tion in 4D, and perhaps reduction of 
area of at least some metals provided the 
material has a relatively fine grain struc- 
ture and provided the modulus of elas- 
ticity of the material has been estab- 
lished. 

2. The errors in the mechanical prop- 
erties obtained using the miniature size 
specimen need not be greater than those 
encountered when using the standard 
¥-in. diameter tension specimen pro- 
vided proper attention is accorded the 
details of the testing procedure used. 

3. The cost of making tension tests 
using the miniature size specimen may 
be appreciably greater than the cost 
when using the standard %-in. diameter 
specimen, particularly when determining 
yield strength values; but the cost of 
determining only tensile strength and 
elongation in 4D using the miniature 
specimen is probably not appreciably 
greater than when using the standard 
Y-in. diameter specimen. 
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Mr. WALTER RaMBERG! (presented in 
written form).—Messrs. Templin and 
Aber have shown us that it is possible 
to scale down the standard round tension 
specimen to one tenth its linear dimen- 
sions and obtain values of yield strength, 
tensile strength, and elongation on the 
miniature specimen that show no more 
scatter than for the standard specimen. 
This reflects a care in machining and in 
testing technique that is not found in 
many places outside the Aluminum Re- 
search Laboratories. 

I should like to ask the authors if spe- 
cial difficulties were encountered in ma- 
chining the specimens and also if unusual 
precautions had to be taken during the 
test to prevent errors in strain readings 
because of building vibration. How is 
damage to the tension shackles prevented 
because of the rebound of the specimen 
after rupture in the case of materials of 
low ductility? 

Mr. W. C. ABER (author).—The small 
specimens are prepared in our shop by 
skilled instrument makers and no special 
difficulties are encountered in their prep- 
aration. Because of the delicacy of the 
specimens, extreme care must be used in 
the machining operations. 

We are not bothered by building vi- 
bration probably because our testing ma- 
chines are located on the ground floor. 
We do take the precaution of having no 
tests conducted in other machines in the 
same room while making tension tests of 
miniature specimens. 

The shackles have not been damaged 


1 Chief of Mechanics Div., National Bureau of Stand- 
ards, Washington, D. C. : 


DISCUSSION 


by rebound of the specimens at the time 
of rupture because the loads involved 
have been relatively small and all of the 
specimens tested have had at least 2 per 
cent elongation. 

Mk. S. A. Gorpon.?— I am curious as 
to just what kind of results you would 
get if you ran these tests in crossgrain, 
or a very fine grain structure. What effect 
would the size have on that? 

Mr. ABer.—Provided the grain struc- 
ture is fine, the effect of size of test speci- 
men should be the same regardless of 
whether all of the specimens have been 
prepared across grain or all with grain. 
Differences in results may be expected, 
however, between specimens cut across 
grain and specimens cut with grain from 
the same material if the material has 
been worked mainly in one direction. The 
following tabulation of results of tension 
tests of a 3-in. diameter 75S-T6 alumi- 
num alloy rolled rod shows the agree- 
ment between test results obtained from 
two different sizes of specimens cut with 
grain, or parallel to the direction of roll- 
ing, and the differences in results ob- 
tained between specimens of the same 
size cut with grain and across grain from 
the same rod. 


ALUMINUM ALLOY 75S-T6 ROLLED ROD, %-IN. 
DIAMETER 


Direction of 


, in. Strength, |tion in 4D, Specimen 


Diameter of Tensile | Elonga- 
Specimen psi. ‘ per cent | 


With grain 
With grain 
Across grain 


2 Chief Structural Test Engineer, The Glenn L. Martin 
Co., Baltimore, Md 
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By R. D. Koprs* 
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SYNOPSIS 


_ The alternating current bridge method of magnetic flaw detection was evalu- 
ated by application to smooth bore tubes. Practical difficulties with the al- 
ternating current bridge method led to the investigation of the induction 
method, and by the proper combination of detector head design and a recorder 
capable of displaying three variables, cracks are shown in picture form for easy 
evaluation. This laboratory equipment has demonstrated that the induction 
method has greater speed, reliability, definition, and sensitivity than present 
methods for inspecting gun tubes, and can be engineered és a at in- 


spection tool. 


This paper is a progress report cover- 
ing the development of a method and 
instrumentation for the detection of 
cracks in smooth bore tubes. A prior 
report by C. H. Hastings* covering the 
first part of this project will not be 
reviewed, except as to the principle 
used. The use in the shop, as described 
herein, of the flaw detector reported by 
Hastings,‘ led to the continuation of 
the project in an effort to overcome the 
obstacles encountered in production ap- 
plication of the method. 

In Hastings’ development and in the 
re-evaluation of the problem after shop 
use of the instrumentation, many physi- 
cal phenomena were surveyed as a basis 
for development of a suitable flaw de- 
tector. Among the feasible techniques 
that were investigated, the most promis- 
ing depended upon the evaluation of 


1 Presented at a meeting of Committee E-7 on Non- 
Destructive Testing, held at the Fifty-third Annual Meet- 
ing of the Society, une 26-30, 1950. 

2 The statements and opinions expressed in this paper 
are those of the author, and do not necessarily represent 
the views of the Ordnance Department. 

* Physicist, W: atertown Arsenal, Watertown, Mass. 

Hastings, ‘ ‘A New of Flaw De- 
tector,” Proceedings, Am. Soc. ts., Vol. 47, 
pp. 651-664 (1947). 
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magnetic leakage fields due to the flaws 
when the tube was magnetized, and the 
principles employing search coil de- 
tectors were deemed to be most easily 
developed into the desired flaw detector. 
A brief description of the test procedure 
follows. 

The tube is magnetized by passing a 
direct current through a_ conductor 
threaded through the tube bore. This 
cable is removed and the search unit 
employed to examine the residual circu- 
lar magnetic field. A longitudinal field 
can be obtained in the tube by the well- 
known technique of placing a current- 
carrying coil around the circumference 
of the tube. 


EVALUATION OF THE 
CURRENT BRIDGE 


ALTERNATING 
METHOD 


One of the principles that has been 
evaluated in the development of this 
flaw detector is based upon the action 
of a ferrous cored coil having an a-c. 
signal on its winding when placed in a 
magnetic field. The magnetic field 
changes the magnetic characteristics 
of the core material, and thus the in- 


THE DEVELOPMENT OF A FLAW DETECTOR FOR TUBES!? 
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Kopis oN A FLAw DETECTOR FOR TUBES 


ductance of the coil. If the coil is part of an optical boroscope revealed no flaws 


of a bridge network, which has been 
balanced at zero magnetic field or any 
arbitrary reference level, a change in 
magnetic field intensity is detectable 
as a change of inductance of the coil, 
as measured by the amount of unbal- 
ance in the bridge network. This method 
will be referred to as the a-c. bridge 
method and a block diagram of this 
instrument is shown in Fig. 1. 

The development of an instrumenta- 
tion based on the a.-c. bridge method 
has been reported.* A hand-manipulaied 
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Fic. 1—Block Diagram of A-C. Bridge 
Method Instrument. 


model of this flaw detector was used 
for production inspection of tubes in 
comparison with an optical boroscope. 
The correlation between the two methods 
with respect to cracks detected was 
high, but it should be noted that only 
a small number of cracks were observed 
in the total number of tubes examined. 
The operator of the flaw detector found 
it difficult to distinguish crack signals 
from signals believed to have been 
produced by non-rejectable conditions. 
A study of a forged tube indicated five 
different areas where flaw-like signals 
prevailed. Inspection of the tube by use 


open to the surface. Cutting and study- 
ing certain sections by macro- and micro- 
etching the cross-section revealed no 
inhomogeneities. After heat treatment 
of the remaining sections of the tube, 
the “flaws” could not be detected mag- 
netically. Since the previous history of 
this tube included a cold straightening 
operation, it was concluded that the 
inhomogeneities were stress concentra- 
tions. 

In addition to the difficulty in evalu- 
ating the data, objections to the electri- 
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Fic. 2.—Response of A-C. Bridge Method. 


cal instability of the instrument and its 


sensitivity to mechanical vibrations were 
offered by the operator. 

The a-c. bridge method had the fol- 
lowing inherent difficulties: 

1. The poor definition or broad sig- 
nals that made it difficult to locate the 
exact position and number of cracks. 

2. The similar appearance of crack 
signals, and signals from other types of 
inhomogeneities. 

3. The instability of the balance point, 
making the reproducibility of data dif- 
ficult. 

4. A limited range of magnetic field 
intensities over which the 
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could operate, before the relationship due to the flaw, and thus maintain the 
of field intensity and signal magnitude bridge in balance. The current in the 
became an inverse instead of direct bucking coil was used as a measure of 
relationship (see Fig. 2). the magnitude of the leakage field. 

Several arrangements of detectors Although this scheme prevented the 


Fic. 3.—Equipment for Supporting and Revolving the Detector in Tubes. 
A-Supports D-Coil Holder 
B-Bearing E-Coil Leads 
C-Closed Core Detect F-Drive Shaft Coupling 


Fic. 4.—Equipment for Rotating the Detector and Moving it Longitudinally in Tube 


A—Device to Provide Longit al Movement B—Amplifiers C—Recorder 


D—Rotating Mechanism, Motor, 
and Slip Rings. 


and coils were tried in order to overcome 
the above obstacles. One successful 
scheme to handle the overloading effect 
shown in Fig. 2 consisted of using a 
d-c. current through a coil around the 
detector, so as to counteract the field 


occurrence of the overloading effect, 
the other difficulties enumerated which 
made the flaw detector unsatisfactory 
as a shop tool seemed to be inherent with 
the a-c. bridge method of flaw detection. 
The induction method was turned to as 
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a possible solution for a practical flaw 
detector. 


INVESTIGATION OF INDUCTION METHOD 


The induction method, first applied 
to non-destructive inspection by R. L. 
Sanford and W. B. Kouwenhoven® de- 
pends upon relative motion between the 
search coil detector and the magnetic 
leakage field due to the flaw. The sig- 
nals induced in the search coil can be 
related to the flaw causing the mag- 
netic leakage field. 

Equipment was constructed for hold- 
ing a search coil and scanning it over 
the bore surface of the tube. Figure 3 
shows the device for supporting the 


Fic. 5.—Closed Core Detector §-In. Square. 


detector coil while it is revolved about 
the axis of the tube, close to the bore 
surface. The equipment shown in Fig. 4 
was used for rotating the drive shaft 
and at the same time advancing the 
detector longitudinally down the tube. 
A detector with closed core, shown in 
Fig. 5, was mounted and its perform- 
ance studied in tube C. Tube C is the 
thick-walled tube mentioned in the prior 
report,‘ and has been used as a standard 


for comparing detectors and checking 
5R. L. Sanford and Wm. B. Kouwenhoven, “Location 
of Flaws in Rifle Barrel Steel by Magnetic Analysis,” 


Proceedings, Am. Soc. Testing ts., Vol. XIX, p. 81 
(1919). 
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the operation of equipment. The sig- 
nals seen on a cathode-ray oscilloscope 
correlated well with the number of 
cracks visible to the unaided eye in 
tube C. Figure 6 shows wave-forms ob- 
tained by the a-c. bridge method and 
the induction method, as seen on a 
cathode-ray oscilloscope for a particular 
circumference of tube C. The three 
large cracks known to be present in the 
tube at this location are better defined 
by the induction method than by the 
a-c. bridge method. The higher defini- 
tion of the induction method is due to 
its characteristic sensitivity to the direc- 


INDUCTION 
METHOD 


LOCATION 
OF 3CRACKS 


A.C BRIDGE 
METHOD 


TUBE CIRC UMFERENCE-—-» 


Fic. 6.—A Particular Circumference of Tube 
C as Seen on a Cathode-Ray Oscilloscope by 
Two Methods. 


tion of the field. The definition is in- 
versely proportional to the size of the 
detector. Realizing that increasing the 
definitive ability of the detector by 
decreasing its over-all dimensions had a 
practical limit, a new technique was 
used. A detector was designed, using 
the theory of magnetic recording heads, 
which, by the use of a low permeability 
gap in the magnetic circuit, concen- 
trates the sensitivity of the detector at 
the gap (see Fig. 7). This type of de- 


tector, when run on tube C, showed a — 


marked improvement in defining the 
known cracks. Increasing the definition 
of the detector now became a matter of 
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producing a detector core built to closer 
tolerances, so as to have a smaller gap, 
rather than decreasing its over-all dimen- 
sions. 

The higher definition available simpli- 
fied the evaluation of data, in so far as 
cracks close together in the tube could 
be detected separately. The signals pre- 
sented on a cathode-ray oscilloscope re- 
quire a mental integration of the data 
with time, as well as the interpretation 
of this information. The same type of 
interpretation or rearrangement of the 
data must be made when using a strip 
chart recorder, which presents a graph 


as 


Pe 7.—Magnetic Recording Type Detector. 


showing signal magnitude plotted against 
time or distance. This type of strip 
chart recorder has the additional handi- 
cap of too high an inertia to reproduce 
the signals faithfully. Thus, the evalua- 
tion of the shape, extent, and location 
of a crack is difficult and subject to 
error. 

Consequently, an investigation of 
available recording techniques was un- 
dertaken with regard to their sensitiv- 
ity, inertia, cost of operation, and par- 
ticularly the form of presentation of the 
data. Investigation of facsimile recorders 
used in communications work, as sug- 
gested by G. Keinath in the discussion 
of the Hastings paper,‘ revealed a 
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across the width of the paper, and the 
paper is advanced a distance equal to 


possibility of recording the three dimen- 
sions of the flaw at one time. The helix 
type facsimile recorder, using electro- 
sensitive paper, was selected as the best 
compromise to meet the criteria. 


FACSIMILE RECORDER 


In the helix type of recorder, the 
recording operation is accomplished by 
means of a cylindrical drum with a single 
turn forming the recording electrode or 
helix. The electrosensitive paper passes 
between the helix and a narrow-edged 
strip of metal called the recorder plate. 
The signal current is passed from the 
recorder plate through the paper to the 
helix, or in the reverse direction, thus 
marking the paper between the recorder 
plate and helix. In one revoiution of the 
helix drum, the contact area between 
the helix and the recording plate passes 


the width of the electrodes. 


Bt MUMETAL The term “electrosensitive”’ means 
n ae LAMINATION that the paper is capable of changing 
color when a current is passed through 


the paper. The printing takes place on 
one side of the paper for a given current 
direction through the paper, and on the 
reverse side for the opposite current 
direction. Thus, an a-c. signal may be 
displayed by using both sides of the 
chart record. The paper has a threshold 
voltage for any given writing speed. 
Printing density is a function of the 
current passed through the paper, and 
there is a limit to the amount of power 
that can be applied to the paper, de- 
pending on the amount of moisture 
present in the paper. Recording takes 
place under any light condition, without 
the need for further processing or fixing. 
The recording is as permanent as the 
usual printed record. 

The presentation of three dimensions 
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Fic. 8.—Helix Recorder Using Electrosensitive Paper. 


density of the marking as one dimension, 
in addition to the length and width of 
the record. 

After observation of this device in 
operation, procurement was made of a 
recorder using a 4-in. wide chart paper 
with a helix speed of 360 rpm. and a 
@aper advance of 0.010 in. per helix 
revolution. The scanner mechanism 
shown in Fig. 4 was properly geared, so 
that the detector revolved around the 
circumference of the tube at 360 rpm. 
By synchronizing the detector with the 
recorder, the chart width was made to 
represent the tube circumference, and 
the chart length the tube length. Thus, 
the flaws in the tube were displayed in 
map-like form on the chart record. 
Each point on the bore surface of the 
tube was represented by a particular 
point on the record. Figure 8 shows this 
recorder with a record of several cracks. 

Use of the high definition detector 
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Fic. 9.—Block Diagram of Induction Method 
Instrumentation with Facsimile Recorder. 


and facsimile recorder produced an ex- 
cellent record of the cracks visible in 
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tube C. The latitude of the electro- smallest cracks, a clipping circuit was 
sensitive paper was found to be in- built to limit the magnitude of the 


(a) Low Sensitivity (6) High Sensitivity 
Fic.10.—Inspection Record of Tube C by Induction Method at Two Different Levels of Sensitivity. 
Line A indicates the circumference used in tube C to obtain the data in Fig. 6. 


sufficient to display the range of cracks signals impressed on the recorder. Thus 
detectable, and in order to display the = smaller cracks could be aangemes to 
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the maximum recording level of the 
paper, without the larger cracks being 
amplified beyond the capacity of the 
paper. The complete instrumentation of 
the induction method is indicated in the 
block diagram, Fig. 9. Two records of 
tube C are shown for different levels of 
sensitivity in Figs. 10 (a) and (6). 


its end and beyond finished dimensions. 
The reading obtained from the gauss- 
meter was not an absolute measure of 
the field level, but was useful as a figure 
of merit for comparing levels of mag- 
netization and observing changes of the 
level as the tube was subjected to various 


Fic. 11.—Inspection Record of Tube G by Induction Method. 
Numbers correspond to those in Fig. 13. 


Fic. 12.—Magnetic Particle Test on Inside of Tube G Showing One Pattern. 


Calibration of the signal magnitude 
in terms of crack depth has not been 
undertaken on a rigorous basis. A pre- 
requisite for the calibration of crack 
depth is the calibration of tube mag- 
netization. This has been accomplished 
by use of a suspended magnet gauss- 
meter. The gaussmeter probe was in- 
serted in a clearance hole drilled per- 
pendicular to the wall of the tube near 


A study of thin-wall tubes by the 
induction method resulted in three types 
of data: 

1. Those 
cracks. 

2. Those appearing to be stress con- 
centrations. 

3. A class of signals that could not 
be related to any conditions, detectable 
by other means, in tubes. 


readily recognizable as 


i 
> 
processes. 7 
=) 
J ‘ 
¥ 
‘ 
| 
} 
to 


TUBES 


er Stress Relieving 


) Aft 


ide of Tube G. 


(6 


F by Induction 


Test on Outs 


3.—Magnetic Particle 


Kopis oN A FLAW DETECTOR FOR 


Stress Relieving 


Fic. 1 


(a) Before 


Method. 


—Inspection Records of Tube 


Fic. 14 


| 1204 
+ 
oe 
4 


Tube G was representative of the first 
class of data. The flaw detector record 
of this tube is presented in Fig. 11, and 
was made by scanning the bore surface 
in the usual manner. The tube was cut 
in half longitudinally and magnetic 


Fic. 15.—Inspection Record of Tube E by 
Induction Method. 


particle tests performed on the inside 
and outside surfaces, as shown in Figs. 
12 and 13. The magnetic particle test 
showed that all cracks were open to 
the outside surface of the tube. The 
_ Magnetic particle test on the inside 


could only detect one of these cracks. 
As can be seen in Fig. 12, the pattern 
on the inside was not sharply defined, 
indicating that the corresponding crack 
was not open to this surface. The flaw 
detector working from the inside showed 
all the cracks that the magnetic particle 
test had been able to detect from the out- 
side. This indicates the high sensitivity 
of the method. The correlation between 
cracks seen on the outside of the tube and 
as recorded from the inside of the tube 
are displayed by corresponding numbers 
on Figs. 11 and 13. 

The record of tube F is presented as an 
example of what is believed to be the re- 
sponse of the detector to stress concen- 
trations. In particular, it should be noted 
that the prominent pattern indicated on 
the original record, Fig. 14(a), is not seen 
in the record of this tube taken after 
stress relief by heat treatment for 4 hr. 
at 1100 F. (Figure 14(0)). 

Tube E is typical of the third type of 
record obtained, as displayed in Fig. 15. 
Tube E was cut at certain sections and 
studied for cracks, nonmetallic inclu- 
sions, and any inhomogeneities or struc- 
tural variations that might correlate with 
the flaw detector record. No correlations 
could be made with the record. 


CONCLUSIONS 


1. The a-c. bridge method is not con- 
sidered to be satisfactory for production 
inspection of tubes for cracks. 

2. Cracks which are detectable by vis- 
ual and magnetic particle test procedures 
can be reliably recorded and interpreted 
as such by means of the induction 
method. By employing higher instrument _ 
sensitivity, sub-surface cracks and cracks 
smaller than those detectable by visual 
and magnetic particle methods, can be 
recorded. However, the higher instru- 
ment sensitivity permits detection of in- 


homogeneities other than cracks, which © 


are recorded. Correct interpoctation of 
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records made at high sensitivity levels is 
dependent upon the complexity of the 
specimen, a knowledge of its history and 
the experience of the operator. 

3. Because of the following advan- 
tages, it is considered that the induction 
method described in this paper is capable 
of being engineered into a satisfactory 
production inspection tool: 

(a) High speed of operation, combined 
with reliable performance. 
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(©) High available sensitivity. 
(d) Good resolution. 

(e) Non-destructive in nature. 


Mr. T. Kodis’s 
paper describes an interesting attempt 
to find a solution for an intriguing prob- 
lem of magnetic testing—inspecting the 
inside of steel tubing by magnetic 
instrument methods. 

I am particularly interested in Mr. 
Kodis’s statement that the magnetic 
recording head pickup he used had 
yielded better results than the original 
approach by means of magnetic probe 
coils arranged in a permeability bridge 
combination. Having worked along the 
same lines, I can easily understand 
Mr. Kodis’s reaction when the perform- 
ance of the magnetic probes he had 
been using first proved to be disappoint- 
ing. However, here I would like to 
mention that it has been possible to 
improve this performance by modifying 
the design of the probes and of the 
electronic circuits activated by the 
probes. 


1 Vice President, Magnetic Analysis Corp., Long Island 
City, N. Y. 
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DISCUSSION 


FOR TUBES 

(f) Automatic data collection mini- 

mizing human error. 

(g) Permanent record of inspection. 

(h) Residual magnetism used for test; 
thus, one magnetization will suf 
_ fice for a number or all of the in- 

__ spections after various production 
stages. 

To sum up, the most important ad- 
vantage over previous methods is the 
automatic detection and presentation of 
the data in picture form at a fraction of 
the time required before. 

The author wishes to acknowledge the 
contributions to this work of C. H. Hast 
ings and S. W. Carter. 


The results obtained with the modified 
magnetic probe arrangements have been 
much more satisfactory and conceivably 
might prove superior to the results ob- 
tained with the recording head type 
pickup described in the paper. 

It is hoped that further data about 
these improved magnetic probes can 
be presented in the near future. 

Mr. R. D. (author)——It cer- 
tainly is to be expected that the a-c. 
bridge method can be utilized for ob- 
taining much information about steel 
tubes. However, for the detection of 
cracks at a rapid rate and in a manner 
easy to evaluate, the induction method 
with the improvements described herein 
has many advantages. 

Since it has numerous potential appli- 
cations to existing inspection problems, 
it will be interesting, as well as profitable, 
to find a means of overcoming the 
limitations of the a-c. bridge method. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
CORROSION OF MATERIALS AT ELEVATED 
TEMPERATURES 


This Symposium on. Corrosion of Materials at Elevated Temperatures 
was held at the Opening Session of the Fifty-third Annual Meeting of the 
American Society for Testing Materials in Atlantic City, N. J., June 26, 
1950. The Gas Turbine Panel of the ASTM-ASME Joint Committee on 
Effect of Temperature on the Properties of Metals sponsored and developed 
the Symposium. 

The following papers were presented: 


Introduction—C. T. Evans, Jr. 

Coal Ash Corrosion of Metals at Elevated Te 

Stress Corrosion Tests on Turbo-Supercharger Materials in the Products of 
Combustion of Leaded Gasoline—G. B. Wilkes, Jr. 

Creep as a Surface Dependent Phenomenon—M. R. Pickus and E. R. Parker 

The Effect of Environment on the Stress-Rupture Properties of Metals at 
Elevated Temperatures—O. Cutler Shepard and Willis Schalliol 

Preliminary Studies of the Effect of Oxidizing Sulfurous Atmospheres on the 

: Rupture Strengths of Inconel ““X”’ and Inconel—A. M. Talbot and E. N. 

Skinner 

——Hydrogenizing Effect of Steam on Ferrous Alloys at Elevated Temperatures— 

i C. A. Zapffe and F. K. Landgraf 

Oil Ash Corrosion of Materials at Elevated Temperatures—C. T. Evans, Jr. 


_--‘The Growing Role of Protective Coatings for Metals in High-Temperature 


Service—W. N. Harrison 


The papers together with discussions are issued as ASTM Special Tech- 
nical Publication No. 108 entitled, “Symposium on Corrosion of Materials 
at Elevated Temperatures.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
PLASTICITY AND CREEP OF METALS 


The papers in this Symposium on Plasticity and Creep of Metals were 
presented at the First Pacific Area National Meeting of the American So- 
ciety for Testing Materials in San Francisco, Calif., October 10-14, 1949. 

The Experimental Exploration of Plastic Flow i in 1 Sheet Metals—L. R. Jackson 
and W. T. Lankford 
_ Forming Parameters and Criteria for Design and Production—William 
Schroeder 
‘The Use of Creep Data in Design—Howard C. Cross and L, R. Jackson 
‘Super Creep-Resistant Alloys—J. W. Freeman, D. N. Frey, E. E. Reynolds, 
and A. E, White 


aA ‘hae These papers together with discussion are issued as ASTM Special Tech- 
ay nical Publication No. 107 entitled, “Symposium on Plasticity and Creep 


su MMARY OF PROCEEDINGS OF THE SY MPOSIUM ON 
hear _ THE NATURE, OCCURRENCE, AND EFFECTS OF 
SIGMA PHASE 


The Symposium on the Nature, Occurrence, and Effects of Sigma Phase 
was held at the Third and Sixth Sessions of the Fifty-third Annual Meeting 
of the American Society for Testing Materials in Atlantic City, N. J., June 
26-27, 1950. 

The two sessions were sponsored by the Research Panel of the ASTM- 
ASME Joint Committee on the Effect of Temperature on the Properties 

Metals. 

The following papers were presented: 


Introduction—Francis B. Foley 
Identification and Mode of Formation and Re-Solution of Sigma Phase — 
jn Austenitic Chromium-Nickel Steels—E. J. Dulis and G. V. Smith 
_ Sigma Phase in Several Cast Austenitic Steels—V. T. Malcolm and S. Low 
X-ray Study of the Sigma Phase in Various Alloy Systems—Pol Duwez and 
Spencer R. Baen 
Sigma Phase in Chromium-Molybdenum Alloys with Iron or Nickel—John 
W. Putnam, N. J. Grant, and D. S. Bloom 
‘The Tetragonality of the Sigma Phase in the Iron-Chromium System—L. 
Menezes, J. K. Roros, and T. K. Read 
The Formation of Sigma Phase in 17 per cent Chromium Steel—J. J. Heger 
Phase and Other Effects of Prolonged Heating at Elevated Temperatures 
ee A on 25 per cent Chromium-—20 per cent Nickel Steel—G. N. Emmanuel 
The Occurrence of the Sigma Phase and Its Effect on Certain Properties of 
Cast Fe-Ni-Cr Alloys—J. H. Jackson 
The Formation of Sigma and Its Influence on the Behavior of Stabilized 18 per 
cent Chromium-8 per cent Nickel Steels in Concentrated Nitric Acid— 
Raymond S. Stewart and Stephen F. Urban 
Some Notes on the Structure and Impact Resistance of Columbium-Bearing 
18-8 Steels After Exposure to Elevated Temperatures—W. O. Binder 
Observations of the Effect of Sigma on the Mechanical Properties of Colum- 
: bium-Stabilized Weldments in Austenitic Stainless Steels—F. W. Schmitz 
and M. A. Scheil 


These papers together with discussions are issued as ASTM Special Tech- 
nical Publication No. 110 entitled, “Symposium on the Nature, Occurrence, 
and Effects of Sigma Phase.” 
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The paragraph whi cement covered by 
the A.S.T.M. Standard Specifications for Portland Cement, C 150-49, states 
(1) that type I cement is “For use in general concrete construction when the 
special properties specified for types II, III, IV, and V are not required” and 
(2) that type II cement is “For use in general concrete construction exposed to 
moderate sulfate action or where moderate heat of hydration is required.” In 
spite of this limitation in scope there has been a marked tendency on the part 
of many consumers to consider type II as an improved general purpose cement, 
particularly with respect to resistance to severe natural weathering (freezing 
and thawing). The paper discusses the reasons for this trend and also traces 
briefly the history of the development of cement specifications in this country. 
The comparative performance of eight typical type I and five typical type II 
cements in four of the projects of the “Long-Time Study of Cement Perform- 
ance in Concrete” which have been exposed to severe natural weathering for 
periods up to 8 years, is discussed. Observations of the condition of the con- 
crete structures in these four projects indicate that, up to the present time, 
there is little choice between the two types as regards the influence of cement 
upon durability. In fact, greater differences were found between individual 
cements of both types than between the average values for each type. These 
facts would indicate that, in so far as the present indications of the Long-Time 
Study are concerned, type II cement is not the answer to the problem of dura- 
bility of concrete as affected by the cement. The paper concludes with the 
statement that further research is necessary to determine to what extent vari- 
ations in cement properties outside of the range included in the present Long- 


Ever since the adoption by this So- 
ciety in 1941 of the so-called five-type 
specification for portland cement, many 
users as well as manufacturers of cement 
have been raising the question indicated 
by the title of this paper, “Why Type II 
Cement?” Does this particular type sup- 
ply a need that cannot be met by one of 
the other four types recognized in A.S.- 


* This paper was presented at the Session on Cement 
and Concrete, held at the First Pacific Area National 
re | of the Society, San Francisco, Calif., October 10- 
14, 1949. 

1 Principal Engineer of Tests, Physical Research 
Branch, Bureau of Public Roads, Washington, D. C 

2 1949 Book of A.S.T.M. Standards, Part 3, p. 1. 


T.M. Specification C 150? Specifically, 
can it be justified as a “modified” or 
“improved” type I cement for important 
general purpose construction? The de- 
mand for an answer to this question is 
becoming more and more pressing. For 
example, the current shortage of port- 
land cement has emphasized the impor- 
tance of the question from the economic 
point of view. Manufacturers are ques- 
tioning the insistence of certain con- 
sumers that a type II cement be fur- 
nished for use under conditions where 
the A.S.T.M. definitions indicate that 
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type I is adequate. It seems desirable to 
survey this entire matter at this time to 
determine to what extent it may be pos- 
sible to supply an answer from informa- 
tion currently available. 

Unlike type III, high-early-strength 
cement, type IV, low-heat cement, and 
type V, sulfate-resisting cement, all of 
which are definitely special purpose ce- 
ments, as indicated by their names, type 
II occupies a sort of no-man’s land be- 
tween the general purpose type I and the 
three special types. The description of 
type II as given in A.S.T.M. Specifica- 
tion C 150 states that this type is suit- 
able for use under conditions where mod- 
erate sulfate resistance or moderate heat 
of hardening is required. Furthermore, 
the description of type I states that this 
type is “for use in general concrete con- 
struction when the special properties 
specified for types II, III, IV, and V are 
not required.”’ In spite of these limita- 
tions in scope, there has been a definite 
tendency on the part of many consumers 
to consider type II as an improved gen- 
eral purpose cement and to specify it on 
work under conditions where neither the 
heat of hardening nor sulfate resistance 
may be considered as important in them- 
selves. A number of factors have appar- 
ently contributed to this situation. 

In the first place, there has been for 
many years a well-defined feeling among 
certain consumer groups that restric- 
tions in chemical composition along the 
lines specifiéd for type II cement will 
insure more weather-resistant concrete 
than would be possible under the much 
broader type I specification. The require- 
ments which are usually considered most 
significant are, first, the limitation of not 
to exceed 8 per cent tricalcium aluminate 
(C3A) and, second, the limitation of not 
to exceed 50 per cent tricalcium silicate 
(C;S). Engineers differ as to the relative 
importance of these two limitations. For 
state highway department 
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sets a limit of 50 per cent C,S but has 
no limit for CsA. Another highway de- 
partment limits the C;A to 8 per cent 
but lets the C;S go to 55 per cent. Others 
still further modify the specification by 
additional requirements, all designed to 
produce a more durable cement. It should 
be stated, however, that, so far as the 
state highway departments are con- 
cerned, most of them continue to specify 
type I in their general construction pro- 
gram. 

The demand for type II cement for 
general concrete work has doubtless been 
encouraged also by the fact that many 
Government agencies which are large 
users of cement, including the Corps of 
Engineers, the Bureau of Reclamation 
and the Tennessee Valley Authority, 
have for years favored this type for im- 
portant general purpose construction. 
The Bureau of Reclamation, in particu- 
lar, has favored type II in all but small 
structures and maintenance work. The 
Bureau prefers the modified type II be- 
cause the low C;A content results in 
smaller volume changes whereas the per- 
centages of C;S and CS are sufficiently 
high to insure good strength. An addi- 
tional advantage, according to the Bu- 
reau, is that this type is usually ground 
somewhat finer than type I, resulting in 
less bleeding, better workability, and 
more impermeable concrete.’ 

The demand for type II cement has 
been encouraged also by certain theoreti- — 
cal considerations and test indications — 
which will be discussed later. It has been 
still further encouraged by the descrip- 
tion of type II on Federal Specification 
SS-C-192, which reads as follows: ‘‘For 
use in general concrete construction and 
in construction exposed to moderate sul- 
fate action, or where moderate heat of 
hydration is required.” The italicized 
words do not appear in the correspond- 
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A.S.T.M. specification. Clearly the 
___ inference conveyed by the Federal Speci- 
ae 0 fication is that there is a place for type II 
asa general purpose cement. 
i There is also the question of uniform- 
ity. Many users of portland cement have 
felt that the lack of chemical limitations, 
- other than the time-honored limits on 
_ sulfur trioxide, magnesia and insoluble 
residue, permit of too wide a variation in 
compound composition and that certain 
restrictions such as those shown for type 
acs II, are desirable from this point of view 
alone if for no other reason. 
Ne It is probable that in the case of many 
_ Consumers the preference for type II as 
an all purpose cement has been dev eloped 
- a more as the result of long-time experi- 
i ence in the field than on the basis of care- 
fully planned and well executed research 
— However, the fact remains 
that it has been used for a long time with 
highly satisfactory results and the ques- 
; Sif tion naturally arises, is this good per- 
- formance record due primarily to the 
=a cement itself, or to other factors? In 
= other words, would type I cement have 
served just as well under the same cir- 
cumstances? It was for the purpose of 
answering this, as well as other ques- 
tions along the same line, that the Ce- 
- ment Industry about ten years ago ini- 
o -, tiated the project for the long-time study 
of the performance of ¢ement in con- 
crete. The results of this most interest- 
ing and important project are just now 
becoming available for study. These re- 
sults will be discussed in the present 
_ paper only to the extent to which they 
= bear upon the particular subject under 
: ie discussion. The over-all picture is pre- 
sented in a paper by G. J. Verbeck.* 
It is proposed in this paper to discuss 
_ the need for a type II cement primarily 
a from the standpoint of whether this type 
4 George J. Verbeck and Cecil W. Foster, ‘ Long-Time 


Study of Cement Performance in Concrete—Chapter 6— 
The Heats of Hydration of the oan see p. 1235 this 
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should be considered as an improved 
type I for use in concrete exposed to 
severe natural weathering. The history 
of the development of cement specifica- 
tions in this country, particularly the 
part played by the Society in this work, 
will be outlined briefly. Considerations 
which led to the adoption of the type II 
specification will be discussed, including 
the original thought, held by a substan- 
tial consumer group on A.S.T.M. Com- 
mittee C-1 on Cement, that the de- 
scription for this type should have in- 
cluded reference to its superior weather 
resistance. The results of laboratory in- 
vestigations will be discussed briefly. 
Finally, reference will be made to the 
comparative performance to date of the 
two types in four of the Long-Time Study 
projects which have been subjected to 


As would be expected, the first attempt 
to standardize cement specifications in 
this country was along the lines of de- 
veloping uniform test methods. In 1885, 
the Committee on Uniform Tests of Ce- 
ment of the American Society of Civil 
Engineers issued a report in which it 
recommended a series of standard pro- 
cedures for testing cement, both natural 
and portland. Prior to 1904 there seems 
to have been little or no attempt made 
to standardize specifications, with the 
result that everyone wrote his own re- 
quirements and literally hundreds of 
specifications, no two alike, began to 
appear. Furthermore, the original recom- 
mendations of the A.S.C.E. regarding 
test methods appear to have found less 
and less acceptance as time went on, 
with the result that numerous modifica- 
tions of the original procedures came into 
current use, still further complicating 
the specification picture. According to 
Mr. Robert W. Lesley, from whose in- 
teresting book “History of the Portland 


I 
{ 


Cement Industry in the United States” 
these brief historical notes are taken, the 
manufacturers struggled against this 
situation until around the close of the 
century, when efforts were again made to 
bring some order out of the chaos of con- 
fusing and sometimes conflicting speci- 
fications then in current use. 

In 1903, the newly organized American 
Society for Testing Materials appointed 
a committee to work on specifications for 
portland cement as well as on methods of 
testing. This committee has functioned 
ever since as the principal specification 
writing body for portland cement in this 
country. Unlike the original A.S.C.E. 
committee which, with one exception, 
was made up entirely of engineers repre- 
senting consumer groups, the newly or- 
ganized A.S.T.M. committee was com- 
posed of representatives of both producer 
and consumer interests. This, of course, 
is the principle under which our Society 
functions; that is, the principle of equal 
and joint responsibility of both manu- 
facturers and users in the preparation of 
standards. By and large, the principle 
has proved thoroughly satisfactory, as 
the wide recognition given our standards 
both in this country and abroad will 
attest. 

From the first, the Cement Committee 
of the A.S.T.M. concentrated on the 
preparation of a single standard specifica- 
tion for cement. It was confronted with 
the immediate problem of reconciling, in 
so far as possible, the multitude of speci- 
fications in use at that time in such a way 
as to secure general acceptance. Its first 
efforts in this direction resulted in the 
standard specification of 1904, the first 
A.S.T.M. specification for portland ce- 
ment. This specification appears to have 
had rather general acceptance from all 
users except the Government. However, 
further effort to correlate the A.S.T.M. 
and the Government specifications led, 
in 1916, to a revision in which most of the 
differences were reconciled. Finally, in 
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1921, the specification was still further 
revised to effect complete agreement and 
to constitute in the words of Mr. Lesley 
“...an agreement between all authori- 
ties in the United States having to do 
with a single uniform specification.” 
Thus it will be seen that the problem 
which was faced by the Industry in 1900 
—that of satisfying the demands of a 
multitude of specification writers—had 
been solved by 1921 through the virtu- 
ally: unanimous acceptance of a single 
specification for a general all-purpose 
cement of standard quality. This single 
standard remained in effect, with but one 
break, until 1941 when the present five- 
type specification was adopted. The 
break came in 1936 with the adoption of 
a specification for high-early-strength 
cement, a development which came 
about largely as the result of consumer 
demand for such cement for use in road 
construction where early opening to 
traffic was demanded. However, long 
before this the pendulum had again be- 
gun to swing back in the direction of 
multiple specifications. The Bureau of 
Reclamation had for some time been 
using “low-heat” and ‘“moderate-heat”’ 
cements for mass concrete and had de- 
veloped specifications for these cements. 
Federal specifications for moderate-heat 
and sulfate-resisting cements had been 
developed, and the Board of Water Sup- 
ply of New York City, under the guid- 
ance of Mr. Thaddeus Merriman, had 
adopted its unique specifications cover- 
ing control of manufacturing operations. 
Meanwhile, research investigations, 
notably those conducted by Bogue under 
the Portland Cement Assn. Fellowship at 
the National Bureau of Standards, and 
by the Association itself in Chicago, were 
pointing to the possible justification for 
additional chemical limits to control 
compound composition.’ Users began 


5H. F. Gonnerman, “‘Study of Cement Composition in 
Relation to Strength, Length Changes, Resistance to Sul- 
phate Waters and to Freezing and Thawing of Mortars 
and Concretes,”’ Proceedings, Am. Soc. Testing Mats., 
Vol. 34, Part II, p. 244 (1934). 
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more and more to question the “single- 
standard” philosophy of Committee C-1, 
with the result that, in 1938 the chair- 
man, Mr. P. H. Bates, appointed a spe- 
cial committee consisting of ten consumer 
and general interest members to study 
and report on the question “How Many 
Specifications for Portland Cement?” C. 
H. Scholer, of the Kansas State Agricu'- 
tural College, who was the first chairman 
of this group, resigned in the spring of 
1939, and the author was named chair- 
man. The special committee, after much 
correspondence and several meetings, 
finally recommended a single specifica- 
tion covering five types of cement pat- 
terned largely after the Federal Specifica- 
tions. The description of the types and 
the various chemical and physical test 
limits which were proposed were later 
adopted by Committee C-1 with very 
few changes except with respect to the 
scope of type IT. The original description 
of this type as prepared by the special 
committee read as follows: 


Type II.—For use in concrete exposed to 
weathering or where a cement having a 
moderate heat of hardening or moderate sul- 
fate resistance is required. 


The reference to weather resistance in 
the above description had been inserted 
by the special committee on the basis of 
various considerations, including favor- 
able service records shown by this type 
as well as the result of trends revealed by 
laboratory investigations regarding the 
effect of variations in the compound C;A 
on volume constancy and durability- 
trends which at that time seemed to the 
special committee to be quite significant. 
For example, the special committee had 
available for reference a report issued in 
1936 by the U. S. Bureau of Reclamation 
entitled “Special Cements for Mass Con- 
crete.’ This report contained a summary 
of the results of a number of independ- 
ently conducted laboratory investiga- 
tions on the influence of compound com- 


position on the properties of concrete. 
Although most of these conclusions ap- 
plied primarily to requirements for ce- 
ment for use in mass concrete (type IV) 
there were several which related directly 
to the matter of durability. It will be of 
interest to review these conclusions in the 
light of the discussion to follow: 


“(1) Compound composition and fineness 
are outstanding factors affecting the prop- 
erties of cement and the resulting concrete 
and constitute practical means for control- 
ling cement according to desired character- 
istics. 

“(2) The major cement compounds, C;S, 
C.S, C3A, and C,AF, have definite effects 
on compressive strength, heat of hydration, 
durability, and other properties of cement 
and concrete. C;A is definitely shown to be 
the least desirable compound in portland 
cement and C;S and CS are the most de- 
sirable constituents. 

“(5) Tricalcium aluminate usually in- 
creases the strength somewhat at ages of 7 
and 28 days, but at later ages it is detri- 
mental. 

“(13) Modified cements give satisfactory 
strengths at both early and later ages. They 
... Seem to be better suited for general pur- 
poses than the low heat and standard types. 

(22) Results of these tests performed by 
a number of independent investigators show 
very definitely that mortars and concretes 
containing cements of high C;A content 
offer poor resistance to freezing and thaw- 
ing.” 

From the above it would seem that, at 
the time the five-type specifications were 
written, there was considerable justifica- 
tion for the desire of the special commit- 
tee to recognize the superior weather- 
resistant properties of type II portland 
cement. On the other hand, the full mem- 
bership of Committee C-1, including of 
course the producers, felt that, in view 
of the long-time favorable record of 
many type I cements in the matter of 
durability, this type should not be dis- 
criminated against as indicated by the 
original scope. The specification as finally 
approved, therefore, limited the recom- 
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mended uses for type II to conditions 
where moderate-heat of hardening and 
moderate sulfate resistance were required. 

Discussion of the effect of compound 
composition on durability should not be 
confined to work done prior to 1940. The 
studies by Lerch on the effect of varia- 
tions in SO; content of cements, as pub- 
lished in 1946,° have a direct bearing on 
this problem. The earlier work was all 
done on cements having a constant SO; 
content within the then existing limits 
of the specifications. Lerch has shown 
that the strength and volume constancy 
of mortars containing cements of vary- 
ing C;A content can be influenced appre- 
ciably by varying the amount of gypsum 
added for the purpose of retarding the 
set. In general, he found that the opti- 
mum SOQ; content increased with the 
amount of C;A in the cement and that, 
for many cements, this optimum ex- 
ceeded the maximum percentage allowed 
in the specifications. Lerch’s investiga- 
tions showed also that, for cements of 
the same C;A content, those high in 
alkalies require more gypsum for opti- 
mum results than those low in alkalies. 
His work gives a possible explanation 
of why certain type I cements have not 
proved as durable as expected and also 
suggests a solution. 

Work on SO; content is being actively 
continued by a subcommittee of Commit- 
tee C-1 under the chairmanship of H. S. 
Meissner, of the Bureau of Reclamation, 
who is working both on the problem of 
developing a standard method for deter- 
mining the optimum SO; content and 
that of developing further information 
regarding these relationships, particu- 
larly the effect of proper retardation on 
resistance to freezing and thawing. In 
the meantime, Committee C-1, recogniz- 
ing the validity of the relations indicated 
by Lerch, has modified its specifications 

* William Lerch, ‘“‘The Influence of Gypsum on the Hy- 


dration and Properties of Portland-Cement Pastes,”’ Pro- 
gs, Am. Soc. Testing Mats., Vol. 46, p. 1252 (1946). 
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for both type L I and type III cement by 
raising the maximum permissible limit 
for SOs, five-tenths percentage points in 
each case, making the limit for type I, 
2.5 per cent, and the limit for type III, 
3.0 per cent (the higher limit for both 
types to apply only when the C;A con- 
tent exceeds 8 per cent). 


INDICATIONS OF THE LONG-TIME StuDyY 


The first four chapters of the report 
of the “Long-Time Study of Cement 
Performance in Concrete” including the 
history and scope of the invest gation, 
the manufacture of the test cements, the 
chemical and physical properties of the 
cements, and the microscopical study of 
the clinkers have been published both 
in the Journal of the American Concrete 
Inst. and by the Portland Cement Assn.’ 
Therefore the project will be described 
in this paper only to the extent necessary 
to provide a background for the discus- 
sion to follow. 

The project was first suggested about 
ten years ago by P. H. Bates, at that 
time Chief of the Division of Clay and 
Silicate Products of the National Bureau 
of Standards, and also Chairman of Com- 
mittee C-1 on Cement of the A.S.T.M. 
It will be recalled that it was at just 
about this time that Committee C-1 
adopted the five-type specification and 
many discussions were in progress, both 
in and outside of the committee, as tc 
the value of chemical limitations, manu- 
facturing control, and other special re- 
quirements. Mr. Bates felt that the best 
way to settle these arguments would be 
to build a series of full-size structures in 
various parts of the country with a num- 
ber of cements meeting the requirements 
of the different types recognized in Speci- 
fication C 150, and to observe the 
performance of these structures, particu- 

7 Journal, Am. Concrete Inst., Vol. 19, Nos. 6, 7, 8, and 
9, February, March, April, May 1948; Research Ub beg 


tories, Portland Cement Assn., Chicago, Ill., Bulletin 26, 
August 1948. 
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larly with respect to durability, through- 
out the years. The cements were to be 
made by the usual methods but complete 
records of the manufacturing details, 
including burning, cooling and grinding, 
were to be kept. Complete chemical and 
_ physical tests were also to be made in- 
_ cluding determination by every known 
test, special as well as standard. 
Early in 1940 Mr. Bates’ proposal was 
accepted by the Portland Cement Assn. 
A 12-man Advisory Committee (eight 
from consumer groups including several 
U. S. Government agencies, and four 
_ from the Industry) was organized to set 
up a program and the sum of $386,100 
was appropriated by the Association to 
finance it. The complete program for the 
investigation as finally adopted by the 
Association upon recommendation of the 
Advisory Committee involved the manu- 
facture of 27 different cements to be used 
in several types of job-size and near job- 
size structures located in various parts 
of the. country. Twenty-one of these 
cements were of the normal, nonair- 
_ entraining variety in general use at that 
time, classified as follows: Eight type I, 
five type II, three type III, four type IV 
and one type V. In addition, six air- 
-entraining cements were made by inter- 
- grinding flake Vinsol resin with the same 
_ clinkers as were used in the manufacture 
_ of the corresponding plain cements. Four 
of these were type I, one type II and one 
type III. These are identified in the dis- 
cussion and tables to follow by the letter 
T following the cement number. The first 
numeral n each cement number identi- 
fies the type. For example, cement 12 
is a type I, nonair-entraining cement, 
cement 24 is a type II, nonair-entrain ng 
cement and cement 12 T is a type I, air- 
entraining cement made from the same 
clinker as was used in the manufacture 
of cement 12. 
With certain exceptions, at least 24 of 
these 17 cements were used in each of the 
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following job-size or near job-size struc- 
tures: Three experimental roads, one 
located in western New York, one in 
western South Carolina, and one in cen- 
tral Missouri; four installations of rein- 
forced concrete piles—one in the fresh 
water of the Hudson River at Saugerties, 
N. Y., one in the Atlantic Ocean at Cape 
Cod, Mass., one in the Atlantic Ocean 
near St. Augustine, Fla., and one in the 
Pacific Ocean at Newport Beach, Calif.; 
the parapet wall of an earth-filled dam 
at Green Mountain, Colo. (elevation 
8000 ft.); the walkway slabs of a mu tiple 
arch concrete dam at Florence Lake, 
Calif. (elevation 7300 ft.); test specimens 
subject to the action of alkali soils at 
Sacramento, Calif.; and two so-called 
experimental “farms” for the study of 
near job-size concrete, one located at 
Naperville, Ill., and the other near 
Perry, Ga. 

Of these twelve projects there are four 
which, by virtue of severe exposure to 
natural weathering, lend themselves to 
a study of durability (resistance to alter- 
nate freezing and thawing). These are 
the test roads in New York, the Green 
Mountain and Florence Lake Dams and 
the test farm at Naperville, Ill. The test 
road was built during the late summer 
and early fall of 1942, the parapet wall 
of the Green Mountain Dam in the 
spring of 1943, the walkway slabs at 
Florence Lake in 1942 and the test farm 
in the fall of 1941. It is believed that a 
brief progress report on the present con- 
dition of these structures will be of in- 
terest. The discussion will be limited to 
those sections of each project which in- 
volve the types I and II cements and 
their air-entraining counterparts, 18 ce- 
ments in all. 


The New York Tesi Road: 


This pavement is located in New York 
on State Route 17, between the towns of 


Wellsville and Bolivar. It is in a region 
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of heavy snowfall with wide and rapid 
changes in temperature. The location is 
considered typical of severe winter expo- 
sure in this country. The test road is 2.5 
miles long and 24 ft. in width. The pave- 
ment has an 8-7-8 in. cross-section, with 
longitudinal joint and transverse expan- 
sion joints 1 in. in width spaced 75 ft. 
apart. Construction was half width (sin- 
gle lane) and all concrete was placed on 
a 6-in. rolled gravel base. The aggregates 
were sand and gravel meeting the re- 
quirements of the New York Highway 
Dept. Mix proportions and construction 
operations were all in accordance with 
New York State Standards. The cement 
content was maintained reasonably con- 
stant at 6.4 bags per cu. yd. Water con- 
tents varied somewhat with the different 
cements in order to maintain a reason- 
ably uniform consistency from section to 
section. The pavement was cured with 
cotton mats kept saturated and in place 
for 72 hr. 

The entire project was divided into 
three parts, Projects 1, 1A and 1B. 
Project 1, using 21 plain and 3 air-en- 
training cements, was intended to be rep- 
resentative of normal concrete paving 
practice in New York State. It was lo- 
cated on a portion of roadway having 
slight grades so as to insure that salt 
would not be used for ice control. Proj- 
ect 1A contained three plain and three 
air-entraining cements in concrete simi- 
lar to that of Project 1 except that the 
slump of the concrete was increased from 
the nominal 3 in. of Project 1 to a nomi- 
nal slump of 5 in. Project 1B contained 
six plain and six air-entraining cements 
in concrete of the same mix proportions 
and slump as Project 1. It was located on 
a section of road where conditions were 
such that salting would ordinarily be 
required for ice control. The arrangement 
made it possible to study cement per- 
formance under different conditions of 
construction and exposure. In all three 


q 


JACKSON ON TyPE II CEMENT 


1217 


projects, a local cement was used to 
start each day’s operations. 

Each test cement in each project was 
used four times in pavement sections 150 
ft. in length. Inasmuch as the pavement 
slabs were 75 ft. long, this made it pos- 
sible to study the behavior of the con- 
crete at an expansion joint located in the 
center of each test section, a very desir- 
able feature, due to the tendency for dis- 
integration to start at such locations. 
The construction schedule was laid out 
so that placing of the four sections con- 
taining each cement was separated by as 
much time as possible without interfer- 
ing with construction progress or an or- 
derly arrangement of sections in the 
pavement. This provided a range in 
placing conditions for each cement. 

As a rule concrete pavements located 
within the area represented by the New 
York test road (that is, northwestern 
Pennsylvania and western New York) 
have not performed any too well from 
the standpoint of durability. Winters are 
severe and fluctuations in temperature 


wide and frequent. It requires the very 


best in concrete to stand up under such 
conditions. Experience has indicated also 
that in the case of pavements which fail 
prematurely due to lack of durability, 
the first evidence of distress usually takes 
the form of D-cracks along the trans- 
verse and longitudinal joints and along 
structural cracks and free edges of the 
pavement. Furthermore, it has been the 
author’s experience that, in the case of 
potentially nondurable concrete, these 
cracks usually become evident within 5 
or 6 years and that if they do not form 
within this period the chances are that 
the concrete will be durable during the 
period of the economic life of the pave- 
ment. If this is true, the New York test 
road, which was built in 1942 and has 
therefore gone through seven winters, is 
old enough to permit at least tentative 
comparisons with respect to durability. 
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The experimental pavement has of 
course been inspected periodically by 
members of the Long-Time Study Com- 
mittee and complete notes have been 
made of the various sections. An official 
progress report which it is hoped will be 
available within the next few months is 
now in course of preparation. The author 
visited this project in June of this year 
(1949) in company with Mr. T. E. Coul- 
try of the Division Office of the Bureau 
of Public Roads and made a rather de- 
tailed examination of the road from the 
standpoint primarily of evidence of pre- 
mature weathering as indicated by the 
formation of D-cracks. 

In Table I there have been tabulated 
for each cement the total number of 75-ft. 
slabs cast and the number of slabs show- 
ing any evidence of D-cracking as deter- 
mined by this examination. Sections in 
Project 1A which involved the 5-in. 
slump concrete with cements 12, 16, and 
21 and cements 12T, 16T, and 21T 
were included in this tabulation. This 
seemed to be justified, due to the fact 
that no relation whatever could be traced 
between consistency and D-cracking. 
Cement 21, for example, had the same 
number of D-cracked slabs on Project 1 
as on Project 1A. 

These data reveal several interesting 
points. In the first place it will be noted 
that none of the 48 slabs containing the 
air-entrained concrete show any evidence 
of D-cracking after 7 years’ exposure. 
On the other hand, 8 out of 80 slabs 
containing the plain or nonair-entraining 
type I cements, or 10 per cent, show D- 
cracks and 14 out of 48 slabs containing 
the plain type II cements, or 29 per cent, 
show evidences of such cracking. Three 
of the type I cements show no D-crack- 
ing, whereas none of the type II cements 
are entirely free from this defect. It is 
also quite interesting to note that the 
two cements which show the greatest 
amount of D-cracking, without air en- 
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trainment, cements 16 and 21, are 
entirely free from D-cracking in the sec- 
tions containing the air-entraining coun- 
terparts of these cements. The author 
sees nothing in these data to indicate 
that the type II cements as a group are 
performing any better after 7 years’ ex- 
posure than the corresponding group of 
type I cements. Furthermore, omitting 


TABLE I.—PROJECTS 1 AND 1A, NEW YORK TEST 
ROAD. CONDITION OF PAVEMENT SLABS WITH 
RESPECT TO EVIDENCE OF ACCELERATED 
WEATHERING (D-CRACKS).* 


(Ratings as of June 1949. Road constructed 1942.) 


Number Slabs 
Cement of 75-ft. Showing 
Slabs D-Cracks 

8 0 
16 1 
8 0 
1 
80 

16 10 

> 48 14 
16 0 


* D-cracks are defined as fine, parallel cracks, usually 
filled with a dark-colored deposit, probably calcium car- 
bonate, which form along the es of the joints and 
structural cracks, and sometimes along the free edges of 
the slabs. They are usually considered to be evidence of 
accelerated weathering leading sometimes but not always 
to ultimate disintegration. Defects of this type were the 
only ones considered in preparing the above table. 


cement 21, there seems to be little to 
justify any choice between any of the 
cements in these two groups. In view of 
the record to date, it is believed that the 
ultimate failure of this road will probably 
be caused by structural breakdown due 
to movement of heavy loads over unpro- 
tected joints and cracks rather than any 
failure due to lack of durability of the 
concrete. As a matter of fact, this struc- 
tural breakdown has already started and 
will no doubt be slowly progressive due 
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to the heavy loads which are being car- 
ried by this through state highway. 

A very interesting section of the New 
York test road is Project 1B at the east 
end. This section is located on a 6 per 
cent grade. Twelve of the test cements, 
six plain and six containing flake Vinsol 
resin interground with the same clinkers, 
were used on this section. It was expected 
that salt would be used for ice control 
on this grade and the records of the New 
York State Highway Dept. show that 


TABLE II.—PROJECT 1B, NEW YORK TEST ROAD. 
CONDITION OF SALTED SECTION WITH 
RESPECT TO SURFACE SCALING. 


(Ratings as of June 1949. Road constructed in 1942.) 


Slabs Showing Scale 


N 
ery Number! Per cent Area Scaled 


Slabs Showing 
Scale 


Cement 


Maxi- 
mum 


| Tence | 


® Except for a small amount of very light scale or sur- 
face wear, the slabs containing the air-entraining cements 
are entirely free from scale. Slabs rated with respect to 
scaling only. 


salt in varying quantities has been used 
each winter since the construction cf the 
road in 1942. 

Table II shows the amount of surface 
scaling that has taken place on Project 
1B, as revealed by the inspection of June, 
1949. It will be noted that surface scale 
has developed on 39 out of the 48 slabs 
containing the plain or untreated ce- 
ments, whereas only one slab out of the 
corresponding 48 slabs of air-entrained 
concrete shows any scale. The amount of 
area scaled on any one slab varies from a 
trace on one of the slabs containing ce- 


ment 11T to 50 per cent on one of the 
slabs containing cement 12. These results 
reveal very definitely the value of air 
entrainment in the prevention of surface 


scale due to the use of ice control chemi- 


cals. 


The Green Mountain Dam: 


The parapet wall built along the crest 
of this dam is also of interest in connec- 
tion with our study of the relative dura- 
bility of type I and type II cements. 
This project was constructed in 1943 un- 
der the supervision of the U. S. Bureau 
of Reclamation which has filed with the 
Long-Time Study Committee a very 
complete report giving not only a de- 
tailed description of the condition of the 
various test panels at the end of 3 years’ 
severe exposure at an elevation of 8000 
ft. but also the results of a very compre- 
hensive series of laboratory tests made 
with the Long-Time Study cements. 
Twenty-four of these cements were used 
in the parapet wall. They were used four 
times in panels 9 ft. long, 4 ft. high and 
16 in. in width. One-half inch absorptive 
form lining was used on the down-stream 
face of each panel while the upstream 
face was cast against plywood. The ce- 
ment content averaged slightly less than 
6 sacks per cu. yd., and the water-cement 
ratio slightly less than 0.6 by weight. 
The slump of the concrete was approxi- 
mately 3 in. The conclusions reached by 
the Bureau of Reclamation as the result 
of a detailed inspection made after 3 
years’ exposure were (1) that there was 
no certainty that any of the rather minor 
differences then existing were significant 
as regards the long-time performance of 
the various cements, and (2) that meas- 
urements of length had not demonstrated 
any significant differences in the behavior 
of the various cements nor had any un- 
usual expansions been noted. This latter 
conclusion is quite significant in view of 
the fact that tests made by the labora- 
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tory of the Bureau of Reclamation have 
shown that the aggregates used in the 
Green Mountain Dam are reactive with 
high-alkali cements. Certain of the Long- 
Time Study cements contained relatively 
high percentages of alkali. 

A rather hasty examination of the con- 
crete test panels made by the author in 
June 1949 would indicate that no differ- 
ences have yet developed which could be 
considered as significant from the stand- 
point of the comparative performance of 
the various types of cement. Consider- 
able surface checking and some cracking 
have developed, but there is little evi- 
dence of D-cracking on the test panels 
themselves. Here again there are evi- 
dences that there may be greater differ- 
ences between particular cements of 
either type than there are between 
the average of one type as compared to 
the others. 


Florence Lake Dam: 


This dam is part of a hydroelectric 
development serving southern California 
and is located in the High Sierras at 
an elevation of approximately 7300 ft. 
The climate is very severe and the lo- 
cation may be considered an excellent 
one for studying durability. The test 
cements were used in walkway slabs 
3 ft. wide and 10 ft. long, each cement 
being used three times. Along with the 
walkway slabs, test beams were also 
cast for exposure to the weather in this 
same location. 

Periodic inspections have been made 
and an official progress report will be 
issued. The last official inspection was 
made in 1948, after 6 years’ exposure, 
by a party representing the Long-Time 
Study Committee. The results of this 
inspection are shown in Table III. 
Reference to the table will show that 
3 of the 24 walkway slabs containing 
the type I cements show evidences of 
weathering while 7 of the 15 slabs con- 
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taining the type II cements are similarly 
affected. The corresponding test beams 
show 10 out of 32 are affected in the 
case of type I and 8 out of 20 are affected 
in the case of type II. However, the 
most significant difference is again the 
superior resistance of the air-entrained 
concrete. In 15 walkway slabs and 20 
test beams, none so far show any evi- 
dence of distress. Again, as in the case 
of the New York test road, we find some 
differences in cements within each type. 


TABLE III.—PROJECT 9A. FLORENCE LAKE DAM. 
CONDITION OF WALKWAY SLABS AND BEAMS. 


(Ratings as of 1948. Slabs and beams cast in 1942.) 


Walkway Slabs Test Beams 


Number|Number 
Cast (Affected 


Cement 
Number Number 
Cast (Affected 


8 


dS 


Six of the type I cements show no evi- 
dence of distress in the walkway slabs 
as against one of the type II cements. 
Two of type I cements and one type 
II cement show no evidence of distress 
in either the walkway slabs or the test 
beams. These data certainly give no 
indication that the type II cements 
used in this study have so far proved 
superior to type I from the standpoint 
of durability. In fact, as in the case of 
the New York test road, the evidence 
on its face would indicate a tendency 


in yr tn opposite direction. 
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Experimental Farm at Naperville, Ill.: 


In many respects, this is the most 
interesting of all of the Long-Time 
Study projects. Due to the relatively 
small size of the test units it was possible 
to introduce other variables in addition 
to cements. These included cement con- 
tent, aggregate quality, consistency of 
concrete and methods of placing. Three 
types of test specimen were made: flat 
slabs, 30 by 42 by 6 in. in size, cast on 
the ground; hollow boxes 30 in. square 
and 30 in. in height, with walls 4 in. 
thick tapering to 12 in. at the base; and 
8 by 8 in. vertical columns 60 in. high. 
For the flat slabs, three concrete mixes, 
5 and 63 sacks per cu. yd., 3-in. slump 
and 6} sacks per cu. yd., 8-in. slump, 
and three aggregate combinations were 
used with each cement, making a total 
of 243 combinations. For the boxes and 
columns, two cement contents, 44 and 
6 sacks per cu. yd., two aggregate com- 
binations and three consistencies, 1}-in. 
slump, vibrated, and 3-in. and 8-in. 
slump, hand placed, were used with 
each cement, making a total of 324 
combinations. This provided an oppor- 
tunity to compare the performance of 
the various cements under a wide vari- 
ety of conditions as well as the oppor- 
tunity to study the effects of these 
other variables either for a given cement 
or for the average of all cements of a 
given type. 

The aggregate combinations used in 
the slabs were (1) the sand and crushed 
stone used in the Missouri test road, 
(2) the sand and gravel used in the New 
York test road, and (3) a New York 
State sand of doubtful quality combined 
with gravel from the Chicago area. 
Aggregate combinations used in the 
boxes and columns were (1) the local 
Chicago area sand and gravel and (2) 
the New York State sand of doubtful 
quality in combination with the Chicago 
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Almost the flat 
slabs and columns are in excellent con- 
dition after 8 years’ exposure. One or 
two of the slabs show minor D-cracks, 
and some pattern cracking has developed 
on the columns. On the other hand, a 
number of the boxes, particularly those 
made with the lean, wet mixes, are 
showing marked deterioration, some of 
them to the point of complete disinte- 
gration. The boxes have been kept 
filled with sand saturated with water 
almost continuously since construction 
and this fact no doubt accounts for the 
relatively faster rate of deterioration. 
It also accounts for the cracking which 
has occurred in many of the boxes. In 
such cases, efforts were made to pre- 
serve the integrity of the boxes by means 
of wooden yokes and by sealing the 
cracks. This maintenance operation was 
reasonably successful. 

As in the case of the other projects, 
a complete report of progress on the 
Naperville Farm is being prepared for 
publication. This report will discuss the 
whole project in detail, including con- 
struction features, maintenance opera- 
tions and the construction and behavior 
of numerous supplementary specimens. 
In the present paper it is proposed to 
discuss only the box specimens contain- 
ing the type I and type II cements and 
the air-entraining counterparts of five 


‘ of these cements—18 cements in all. 


All of the specimens have, of course, 
been rated periodically as to condition 
by representatives of the Long-Time 
Study Committee, and this information 
will appear in the progress report. 

The data shown in Table IV are 
taken from the record of the last official 
inspection made in May, 1949. A word 
as to the method of rating. The four 
sides and the top of each box were 
rated separately and assigned a numeri- 
cal value ranging from 1 to 6 depend- 
ing upon condition, 1 representing no 


y 
| 
0 
a | 
} 
A Ae 
4 
oi 
| 
| | 
| 
44 
| 
| 


JACKSON ON Type II CEMENT | 


change from the original condition and 
6 representing complete disintegration. 
The very first sign of possible trouble 
is indicated by 1+. The final rating 
for the box as given in the table was 
then calculated by obtaining the numeri- 
cal average of the rating of the various 
elements. This accounts for the decimal 
fractions. 


slump concrete are well on the way to 
complete failure, whereas the boxes 
containing the 1}- and 3-in. slump con- 
crete are, with two exceptions, still 
good. Here again the edge is somewhat 
in favor of the 3-in. hand-placed con- 
crete as compared with the 1}-in.slump 
vibrated concrete. Turning now to the 
4}-sack mix and noting first the boxes | 


TABLE IV.—PROJECT 10A. NAPERVILLE FARM. RATING* OF BOX SPECIMENS WITH RESPECT 
TO KELATIVE DETERIORATION DUE TO WEATHERING. 


Ratings as of May 1949—Specimens cast fall of 1941. 


Cement Content—6 sacks per cu. yd. 


Cement Content—4} sacks per cu. yd. 


Good Sand 


Doubtful Sand 


Good Sand Doubtful Sand 


3-in. | 8-in. 
Slump | Slump 


14-in. 


Slump Slump 


14-in. | 3-in. 
Slump 


8-in. 
Slump 


8-in. 
Slump 


1}-in. | 3-in. 


8-in. | 3-in. 
Slump | Slump 


Slump | Slump | Slump 


2 3 4 


6 8 9 10 11. 


+ 
att 


+ 


+ 


. eee 
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wl 
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00 
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* Rating 1 indicates perfect box. No change from original rating. Rating 6 indicates complete disintegration. 


mediate values denote relative stages of deterioration. 


Inter- 


he ratings shown above are the numerical averages of ratings 


for the sides and tops of the boxes. In general, greater deterioration was noted on the south and east faces than on the 


north and west faces of the boxes. 


Let us discuss Table IV. In the first 
place, it will be observed that the 54 
boxes containing the 6-sack mix with 
the good sand (first three columns) 
are with two exceptions still all in good 
condition. This applies to all cements 
and to all three consistencies, with a 
slight edge in favor of the 3-in. slump 
concrete. With the doubtful sand (col- 
umns 4 to 6) it is another story. Here 
most of the boxes containing the 8-in. 


containing the good sand (columns 7 
to 9), we find considerably more deterio- 
ration in the 8-in. slump concrete than 
was found in the case of the correspond- 
ing 6-sack mix. Ten out of 13 boxes 
show ratings in excess of 1.1 as compared 
with only 1 out of 13 for the 6-sack mix. 
The next comparison is the 43-sack mix 
with the doubtful sand (columns 9 to 
12). Here again we find the greatest 
deterioration in the 8-in. slump con- 
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crete, the ratings being substantially 
higher than for the corresponding 6-sack 
mix with the same sand. Most of these 
trends would be expected and are in 
the direction indicated by our prior 
knowledge of and experience with con- 
crete. 

Let us now turn to a comparison of 
cement types. So far as the 1}- and 3-in. 
slump concretes are concerned, there 
is practically no choice. The average 
ratings show a slight advantage in favor 
of type I, but this is due to the rather 
high ratings assigned to certain boxes 
containing one of the type II cements 
and probably should) be discounted. In 
the case of the 8-in. slump concrete, 
there is a slight advantage in favor of 
type II for both mixes containing the 
doubtful sand. However, the cements 
individually vary over a wide range. 
Moreover, the individual variations are 
not consistent. For example, the box 
containing cement No. 14 in the 43-sack 
mix with the doubtful sand, 8-in. slump 
(column 12) has a rating of 1.9 as com- 
pared to a rating of 4.8 for the same 
combination in the 6-sack mix (column 
6), a relationship which is distinctly 
out of line. Note also that cement 21 
in the 6-sack mix with the doubtful sand, 
1}-in. slump (column 4) has a rating 
of 4.9 which is far out of line with other 
boxes containing this cement. Other 
individual inconsistencies may be noted. 
These departures from the general trend 
indicate that the quality of the concrete 
in these particular boxes was probably 
influenced more by accidental varia- 
tions in some construction procedure, 
such as placing or curing, than by the 
materials used in the mix. 

As in the case of both the New York 
test road and the Florence Lake Dam, 
the really outstanding comparison at 
Naperville so far is the performance 
of the boxes containing the air-en- 
trained concrete. None of these boxes 


(60 in all) show a rating in excess of 
1+, which means virtually no deteriora- 
tion at all. This even applies to the lean 
wet mixtures (high water-cement ratios) 
and to the concrete containing the 
doubtful sand. This fact calls for a 
word of caution. As the result of several 
years’ field experience, the value of air 
entrainment to improve durability has 
become well established. However, it 
has also been shown that air entrain- 
ment cannot be depended upon to cor- 
rect deficiencies due to poor quality of 
either the aggregates or the concrete. 
In other words, the fundamental rules 
governing the making of good concrete 
apply just as much when air is entrained 
as when it is not. The only difference is 
that air entrainment gives us additional 
protection which even good concrete 
may not give without it. This truth will 
probably be demonstrated in time at 
Naperville. 


SUMMARY 


Up to the present time the indications 
of the Long-Time Study are definitely 
that there is no choice between type I 
and type II cement in so far as durabil- 
ity or resistance to natural weathering 
is concerned. This observation is based 
on general trends in the behavior of 
concrete containing eight type I cements 
and five type II cements in four of the 
Long-Time Study projects, all of which 
are located in areas subject to severe 
frost action. So far as the New York 
test road is concerned, it is believed that, 
with the possible exception of one 
cement, this trend will be maintained 
in the future and that the ultimate life 
of this pavement will probably be gov- 
erned more by its ability to resist struc- 
tural breakdown at joints and cracks 
than by differences in weathering char- 
acteristics due to the use of different 
cements. This prediction is based on 
many years’ experience in observing 
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the behavior of concrete pavements in 
service: In general, defects such as 
D-cracks, if they occur at all, will usually 
develop within the first 6 or 7 years of 
the life of the pavement. If they do not 
occur within this period the chances 
are that the concrete will be durable 
and that ultimate failure, if and when 
it takes place, will be due to other 
causes. 

The relatively poor record of cement 
21 on the test road, and at Florence Lake, 
has not been explained. This cement 
passed all of the prescribed tests and 
would be accepted under most specifica- 
tions. Its behavior at Naperville was 
erratic, the boxes made with the 44-sack 
mix being generally in better condition 
than the boxes containing the 6-sack 
mix. A further study of the records may 
reveal the reason for the relatively poor 
showing of this cement. However, it 
should again be noted that cement 21T, 
the air-entraining cement from the same 
clinker, has proved entirely satisfactory 
up to the present time. 

The above comments regarding the 
performance of the New York test road 
do not mean that the quality of the 
cement is not important. It is important. 
However, in my judgment, merely 
specifying the present A.S.T.M. type 
II cement will not in itself insure more 
weather-resistant concrete than would 
the use of type I. Further research into 
the question of cement quality as affect- 
ing durability is needed. It is unfortu- 
nate that the Long-Time Study did not 
include some cements of the type manu- 
factured 25 years or so ago. A project 
along this line, involving however the 
product of one cement mill only, is 
being started in Kansas through the 
construction of an experimental. road. 
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Sections of pavement will be built with 
cement from this mill as manufactured 
today and also as manufactured in 1924. 
A third section with cement of modern 
composition but coarse ground will also 
be laid. This experiment will be followed 
with interest. 

It is recognized that the above con- 
clusion regarding type II cement runs 
counter to certain theoretical considera- 
tions and, laboratory test data to which 
reference has been made and which do 
indicate that a reduction in the C;A 
compound is desirable. It is also recog- 
nized that so far as the Long-Time 
Study is concerned, the final answer will 
probably not be forthcoming for several 
years. However, it should be pointed 
out that, in addition to the present 
indications of the study, we have the 
results of many years’ experience with 
high C3;A cements in structures which 
have given excellent service. A classic 
example is the old Ohio Post Road 
built in 1914-15. This pavement, lo- 
cated on U. S. 40 between Zanesville 
and Columbus, Ohio, proved excep- 
tionally durable in service and was re- 
placed finally after many years only 
because of obsolescence. The cement 
used in this pavement was high in C;A. 
It would now be classified as a typical 
type I cement except that it would not 
have conformed to the present A.S.T.M. 
requirements for fineness. This example, 
as well as others, indicate that merely 
specifying type II cement is not the 
answer to the problem of durability. 
The answer lies much deeper and the 
only way to find it is through continued 
research into the properties of cement 
as they are affected by composition and 
by methods of manufacture. — 
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Mr. BAILEY TREMPER! (presenled in 
wrilten form).—The author has consid- 
ered the effect of type of cement on the 
durability of concrete mainly from the 
standpoint of resistance to freezing and 
thawing. If resistance to this type of ex- 
posure is needed, the appropriate meas- 
ure appears to be the use of air entrain- 
ment, and this has been pointed out 
clearly by the author. In such concrete, 
possible differences between type I and 
type II cements in their resistance to 
freezing and thawing alone may be con- 
sidered to be of minor significance. 

In the writer’s opinion, the case for 
type II cement lies, not in superior re- 
sistance to severe weather exposure, but 
in greater constancy of volume, a factor 
that is touched upon but lightly in the 
author’s discussion. The writer refers par- 
ticularly to the property of drying 
shrinkage. 

Investigations by Carlson? and Gon- 
nerman’® demonstrate that, other factors 
being equal, cements with the higher 
C;A content shrink more in drying. A 
similar conclusion may be reached by 
analysis of the data presented by Lerch‘ 
in his study of the effect of gypsum in 
cement. 

Since type I cement may have a rela- 


1 Materials and Research Engineer, Department of 
Highways, Olympia, Wash. 

2 Roy 
Many Variables,” Proceedings, Am. Soc. Testing Mats., 
Vol. 38, Part II, p. 419 (1938). 


. Carlson, “‘Drying Shrinkage as Affected by 


+H. F. Gonnerman, ‘‘Study of Cement Composition in 
Relation to Strength, Length Changes, Resistance to Sul- 
fate Waters and to Freezing-and-Thawing, of Mortars and 
Concrete,”’ Proceedings, Am. Soc. Testing Mats., Vol. 34, 
Part II, p. 244 (1934). 

4William Lerch, ‘“‘The Influence of Gypsum on the 
Hydration and Properties of Portland Cement Pastes,”’ 
Proceedings, Am. Soc. Testing Mats., Vol. 46, p. 1252 
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tively high content of C;A and type II 
not over 8 per cent, the differences in 
drying shrinkage may be considerable. 
High drying shrinkage may be a factor 
in poor durability under conditions not 
related to freezing and thawing, as the 
writer will attempt to demonstrate in the 
succeeding paragraphs. 

The accompanying Fig. 1 isa view of an 
area of one side of a heavily-traveled 
four-lane highway in the State of Wash- 
ington in a location where winters nor- 
mally are mild. The view shown is typical 
of areas in the poorest condition over a 
distance of 15 miles. The major portion 
of the balance of the section is affected 
similarly, but to a degree which, while 
readily visible on inspection, is difficult 
to portray adequately in printed form. 
The photo was taken 18 yr. after con- 
struction of the pavement, just before it 
was necessary to apply a resurface. The 
closely spaced cracks in random pattern 
appear to be so deep as to have caused 
severe structural damage to the slabs. 
The concrete in this pavement has been 
observed with interest over a period of 
years. It seems evident that the majority 
of the present deepseated cracks have 
formed at the locations of what were 
originally shallow surface cracks. The 
latter apparently were caused by severe 
drying shrinkage at the cessation of wet 
curing. The present cracks are most 
prominent at slab ends, indicating that 
severe flexing caused by heavy traffic 
has deepened the originally shallow 
shrinkage cracks. The belief that drying 
shrinkage was a primary cause of the 
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distress is strengthened by the condition 
of the two-lane pavement on the opposite 
side of the highway which does not show 
this type of cracking. It was built two 
years earlier to the same design and with 
the same aggregates. The cement, how- 
ever, was from a different mill. The latter 
contained 9 per cent tricalcium aluminate 
while that used in the defective pave- 
ment contained 15 per cent. 

It is not claimed that the difference in 
tricalcium aluminate alone was respon- 


sible for the difference in performance 
although it is believed to have been a 
contributing factor. Differences in alka- 
lies and possibly in fineness of grinding 
also are believed to have affected the 
degree of drying shrinkage. 

Similar comparisons between perform- 
ance of cements in pavements have been 
noted elsewhere in Washington. Traffic, 
however, has not as yet been heavy 
enough elsewhere to cause the sevére 
structural damage of the instance cited 


DISCUSSION ON Type II CEMENT 


In the Pacific Northwest, at least, type 
II cement may be obtained as readily as 
type I. Differences in manufacturing 
costs do not appear to be sufficient to 
affect the selling price. In fact, some 
manufacturers have stocked but one 
cement and have marketed it as either 
type in accordance with demand. 

It is the writer’s belief that any steps 
that may be taken through specification 
requirements to reduce the degree of dry- 
ing shrinkage are justified, particularly 


when such protection can be obtained at 
no extra cost. The use of type II cement 
with its lower mandatory C;A content 
is one of the means of obtaining such 
protection. 

As far as the writer can determine, air- 
entrainment does not consistently affect 
the degree of drying shrinkage. If such 
is the case, maximum protection against 
severe drying shrinkage must be obtained 
through specifications for the cement, 
whether or not the concrete is air-en- 
training. 
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Lerch‘ has found, and a working sub- 
committee of A.S.T.M. Committee C-1 
on Cement has confirmed, that drying 
shrinkage may be reduced markedly if 
the SO; content is controlled at its opti- 
mum value. When, and if, a requirement 
for optimum SO; becomes a part of port- 
land-cement specifications, the advan- 
tage of using type II cement, where heat 
of hydration and sulfate resistance are 
not factors, presumably will disappear. 
Until that time, the writer is firmly con- 
vinced that type II cement, plus air-en- 
trainment when needed, gives the greater 
assurance of durability. 

CHAIRMAN T. E. Stanton.5—A very 
pertinent field of investigation would ap- 
pear to be the study of whether or not 
differences of C;A content have any im- 
portant bearing on the drying shrinkage 
of the concrete, or whether some other 
factors are responsible. 

I think that we will agree that that is 
a field that can be explored to consider- 
able advantage. 

Mr. H. F. GonnerMAN.S—It may be 
of interest to present some field observa- 
tions of the performance of types I and 
IT cements. 

In the early 1930’s when the question 
of cement composition was active, a sur- 
vey was made of some 659 projects com- 
prising 2386 miles of concrete pavement 
in New York State where very severe 
weathering conditions are encountered. 
Our primary interest in making this sur- 
vey was to study the surface scaling that 
began to appear in some of the concrete 
pavements about that time. Previous to 
1930, New York State had not used salts 
to any great extent to keep pavements 
free from ice. But in 1931, or thereabouts, 
the state began to use salts, mixed with 
sand or cinders, at intersections and on 
hills and curves; at times the salts were 

5 Materials and Research Engineer, Division of High- 
ways, Sacramento, Calif. 


* Assistant to Vice-President in Charge of Research 
and Development, Portland Cement Assn., Chicago, Il. 
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used raw without mixing with cinders or 
sand. This practice caused scaling of the 
surface of the pavements at those loca- 
tions where the salts were applied. 

This survey was made during the sum- 
mer and early fall of 1933. Such informa- 
tion as was available was obtained on 
the cements used from 1916 to 1928, the 
period during which the pavements sur- 
veyed were constructed. No pavement 
less than 6 years old was included in the 
survey. The approximate compound 
compositions of the cements were 
computed and the performance of the 
pavements was then studied from the 
standpoint of the computed C;S and C;A 
contents of the cements. A wide variety of 
aggregates was used in the pavements, 
some good and some of doubtful quality. 
Although these and other uncertainties 
were in the picture, we tried to determine 
if there were any trends in the perform- 
ance of the pavements that could be 
attributed to the composition of the 
cements. Such trends as were found in 
the over-all performance of the various 
cements with respect toC;S and C;A con- 
tent appeared to be in favor of the 
cements having the higher C;S contents 
and the lower C;A contents. Later we 
discovered that these results were 
clouded by the fact that some of the 
cements that showed good performance 
in this survey contained crusher oil, 
which unintentionally got into the 
cement from the mills during grinding of 
the cement. The crusher oil produced 
some air entrainment in the concrete 
which greatly improved its resistance to 
surface scaling and to other. forms of 
deterioration caused by freezing and 
thawing. 

In order to obtain more accurate in- 
formation regarding the effect of the com- 
position of the cement on pavement per- 
formance, during the period 1935 to 1938, 
New York State constructed thirteen ex- 

rimental concrete highway projects in 
© highway pro) 
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Sa which special commercial cements of 
varying chemical composition were em- 
ployed. These special cements included: 

1. Cements low in C;A and both low 
and high in C;S (in the range of A.S.T.M. 
type II). 

2. Cements high in C;A and both low 
and high in C;S content (in the range 
of A.S.T.M. type I). 

3. Cements both low and high in C3A 
but high in C,;S content (in the range 
of A.S.T.M. type ITI). 

Blends consisting of 5 or 6 bags of 
these various portland cements mixed 
with 1 or 2 bags of two brands of natural 
cement were also used in the experi- 
mental projects. 

It was found that the composition of 

the cement could not be correlated with 
the performance of the pavements either 
as regards surface scaling or appearance 
of so-called D-cracks. However, these 
projects did bring out clearly that the 
portland cements which inadvertently 
contained crusher oil gave outstanding 
performance as did many of the blends 
of portland and natural cement where 
the latter contained fat added during 
grinding of the cement. 
' Then, in cooperation with the New 
York State Highway Department and 
with other state highway departments, 
other experimental roads were built dur- 
ing 1938 to 1942 with cements in which 
some of the air-entraining agents which 
we had experimented with in the labora- 
tory were purposely interground with 
the cement. We have followed the per- 
formance of these roads since their con- 
struction and to date have found no sur- 
face scaling on any of them regardless of 
the type of cement used, in which the 
concrete had the proper amount of air 
entrainment. 

It may be of interest to point out that 
in February, 1934, the Portland Cement 
Assn. submitted to A.S.T.M. Committee 
C-1 tentative specifications 
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covering two types of portland cr- 
ment, (types IV and V) in addition to 
the two types (types I and III) then 
in current use. These proposed specifica- 
tions were not accepted by Committee 
C-1 at that time. In 1938, or there- 
abouts, they were brought up again by 
a special committee of users on Com- 
mittee C-1 of which Mr. Jackson was 
chairman. This special committee recom- 
mended specifications for five types of 
portland cement as pointed out by Mr. 
Jackson in his paper. Upon the adoption 
in 1940 of these tentative specifications 
covering five types of portland cement, 
four brands each of the five types speci- 
fied were purchased in the open market 
and subjected to various tests in the 
laboratory, among which was a freezing- 
and-thawing test. In order to give each 
type of cement an even break the speci- 
mens were moist cured different lengths 
of time so that when subjected to freez- 
ing and thawing they would all be of 
approximately equal strength. We found 
among the type II cements some that 
did not perform as well as some of the 
type I cements and vice versa. This is in 
agreement with the results presented by 
Mr: Jackson. 

Recently we had occasion to review 
data presented in the First and Second 
Interim Reports on Concrete Research 
of the Corps of Engineers, U. S. Army, 
on some fifty cements, which were sub- 
jected to freezing and thawing in sea 
water at Eastport, Maine, where during 
one winter 150 or more cycles of freezing 
and thawing are obtained. Upon divid- 
ing these cements into type I and type II 
cements on the basis of their chemical 
analyses, we found that among the non- 
air-entraining cements of lowest resist- 
ance to freezing and thawing were a 
number of type II cements and some 
type I cements and among the non-air- 
entraining cements of highest resistance 
were some type I cements as well as some 


fy 


1-4 
| 
| e 


type I cements. Regardless of whether 


they were type I or type II, the six 
cements containing air-entraining agents 
gave by far the best performance in these 
tests. 

Laboratory studies are being made to 
determine to what extent the composi- 
tion of the cement affects the durability 
of concrete. In one series now nearing 
completion, concretes made from non-air- 
entraining cements of varying composi- 
tion and fineness were subjected to freez- 
ing and thawing after various periods of 
curing. It so happens that in this group 
of cements is one of ‘type II composition 
which, when subjected to freezing and 
thawing after curing 28 days in the moist 
room, exhibited very low resistance to 
freezing and thawing. However, when 
the air content of concrete made with 
this cement was increased from about 
0.7 per cent to 1.5 per cent by adding 
Vinsol resin in solution during mixing, 
the resistance of the concrete was in- 
creased from 5 cycles to about 220 cycles. 
With 2.6 per cent air the resistance was 
increased to 700 or more cycles and with 
4.6 per cent air the specimens have al- 
ready withstood 1400 cycles and are still 
under test. Thus with air entrainment 
the resistance of the concrete to freezing 
and thawing was tremendously increased 
over that obtained with concrete without 
air entrainment. So far as frost resistance 
is concerned, this work confirms the con- 
clusions drawn by Mr. Jackson in his 
paper regarding the marked benefits of 
air entrainment regardless of the type or 
composition of the cement. 

Other factors are being studied in an 
effort to determine their effect on the 
frost resistance of concrete. Eventually 
it is hoped to isolate those factors that 
make for good durability, and thus be 
able to design the kind of concrete best 
suited for pavements and _ structures 
which are to be exposed to severe weath- 
ering. 
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Mr. W. C. Hanna.’—I would like to 
point out that some cements on the mar- 
ket meet all the specification require- 
ments for type I and all the specification 
requirements for type II cement. There- 
fore, there can be no difference between 
type I and type II, and that is a very 
satisfactory way of ironing out these ar- 
guments. 

Mr. M. A. Swayze.*—I feel that we 
should say something about a survey 
that our research laboratory made some 
ten to eleven years ago. It took us two 
years to examine every one of the 45 
individual cements made by our com- 
pany. These were type I, type II, and 
type III cements. I will confine my re- 
marks largely to the difference in the 
type I’s and II’s, of which there were a 
goodly number. 

We made concrete tests on a wide 
range of cement contents with two con- 
sistencies. We ran strength tests, volume 
change tests and tests for resistance to 
freezing and thawing. In these tests there 
was no doubt when we got through that 
the type I cements in general—and I am 
now talking of the real type I, that is 
where the C;A content was above the 8 
per cent limit and not what has been 
spoken of before where they happened 
to meet the requirements of both speci- 
fications—had definitely higher resist- 
ance to freezing and thawing than did 
the type II products. 

There were exceptions and those are 
worthy of note. There was one type II 
cement that was outstanding in resist- 
ance and that is the same one that Mr. 
Gonnerman mentioned in New York. It 
had a slight addition of crusher oil which 
we couldn’t keep out. That cement had 
the best durability in freezing of any in 
the list of 45. 


Omitting this product, it was very 
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definite that the general run of type I 
products were better than type II so far 
as frost resistance was concerned. 

There were other exceptions, and these 
again are worthy of note. There are some 
high-silica portland cements where the 
silica ratio is exceedingly high, and in 
every case these cements had lower dura- 
bility. Tracing their history, it came 
down to a lack of burning, whether or 
not the composition otherwise was type 
I or type Il. Wherever you run into a 
cement that is very hard to burn, you 
are running into danger of low durability 
to frost. 

We think it is far more important not 
to look so much to cement composition 
but to what we do with the concrete 
after we get it on the job—how we mix 
that concrete and how we lay it on the 
grade, the time we spend in finishing 
and the time we spend in curing. Once we 
concentrate our attention on the mode 
of use of cement rather than on slight 
variations in composition, I believe we 
will get more durable concrete. 

Mr. C. H. studying 
the problem of shrinkage, particularly, 
we want to remember that we get from 
100 to 300 per cent more variation in 
shrinkage with the aggregates than we 
do with the cement; and that is an im- 
portant element in the study of concrete. 
The aggregates are of extreme impor- 
tance with regard to shrinkage. 

I have examined about 9000 miles of 
concrete pavement with about 90 differ- 
ent cements. Those who read the report 
on this investigation will find the kind of 
concrete you make is more important 
than the type of cement used. 

I think that if you made an alkali re- 
sistant concrete out of an extremely high 
tricalcium aluminate cement you would 
be making good enough concrete. 

CHAIRMAN STANTON.—Comments 


® Professor of Applied Mechanics, Kansas State College 
and Applied Science, Road Materials Lab., 
aattan, Kans. 
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from the Chair may not be in order, en- 
tirely, but I agree absolutely with what 
Mr. Scholer has said: “If you make good 
concrete”—but we don’t always make 
good concrete. Therefore I think the in- 
surance we may get under certain con- 
ditions, such as alkali or low temperature 
exposure, justify the use of special types 
of cement in structures which may be 
subjected to such severe exposure condi- 
tions. 

Mr. R. E. Davis.”.—I wish to ask a 
question. Just a moment ago we heard 
that cements that were high in silica 
were generally less resistant to freezing 
and thawing. I would like to ask at what 
age those tests were started. It is gener- 
ally recognized that some cements are 
slower hardening than others, and I think 
that the results of freezing-and-thawing 
tests in the laboratory will greatly 
depend upon the age at which the tests 
are started. 

When comparing cements, the results 
of tests started at 28 days may lead to 
conclusions which are quite different 
from those based on tests started at 6 
months. 

Mr. ScHOLER.—Those cements were 
not low-heat or otherwise low-strength 
cements. They were either high-strength 
cement or cements passing type I or type 
II requirements so far as composition is 
concerned. They had perfectly normal 
strength except that it was our observa- 
tion that the strength gained was some- 
what plastic. 

In all cases the freezing-and-thawing 
tests were made by curing the cement 
one day in the mold, 27 days in fog at 
70 F., and then the cycles of freezing 
and thawing were started. 

Mr. Davis.—That is my criticism of 
a good many freezing-and-thawing tests. 
We overlook the fact that in the labora- 
tory concrete at the age of 28 days is 


10 Professor of Civil Engineering, and Director, Engi- 
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subject to much more severe freezing 
and thawing conditions than are nor- 
mally found in nature. 

Among type I and type II cements 
there are wide variations in early-age 
strength characteristics. Regardless of 
their ultimate strength in concrete, those 
which exhibit relatively high early 
strength will show superior performance 
in tests started at 28 days. Those ex- 
hibiting high later age strength will show 
superior performance in tests started at, 
say, 3 months. 

We will find corresponding perform- 
ance variations among cements in field 
structures. A “‘fast’’ cement will show up 
well in concrete placed in late fall or 
winter; a “slow” cement will show up 
poorly unless the concrete is given ade- 
quate early-age protection against freez- 
ing. But for the same two cements, the 
reverse may be true when the concrete 
is placed during the summer. 

In judging durability as affected by 
freezing and thawing, it therefore seems 
clear that early environmental conditions 
of the structure ought to be taken into 
consideration. For average field condi- 
tions, probably the results of accelerated 
laboratory tests started at the age of four 
or five months are much more indicative 
of what may happen in nature than are 
the results of accelerated tests started at 
the tender age of 28 days. 

Mr. N. T. Staptretp."“—I think the 
one thing that ought to be stressed a 
little more is the possibility that type IT 
cement may be more uniform. And I say 
that quite seriously because in the old 
days when we used to get type I cement 
the alumina content might differ from 
43 per cent to 7} per cent from week to 
week. We would build a fence and have 
three panels perfect. The fourth might 
be made under exactly the same condi- 


11 Division Engineer, Inspection seating Div., 
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tions but would deteriorate before the 
contractor left the job. 

This is what caused Mr. Merriman to 
start his investigations. If any of you, 
who are from Los Angeles, will take a 
look at the Los Angeles River and the 
slopes thereof which have been paved 
with concrete using Merriman cement, 
you will see that it is one of the monu- 
ments to his name. 

We have had the same experiences in 
New York City where we have used this 
cement, now, for 12 years. 

But referring to the Jackson paper— 
outside of uniformity, it seems to me 
that in type II cement, which it was 
hoped would perform in a certain way 
and which in long-time studies may not 
have showed up as well as we had hoped, 
the trouble has been in the way in which 
the specifications were written for type 
IT cement. 

For years, I have tried to raise the 
standard of this cement by requiring a 
higher strength for the 7-day mortar test. 
I am prepared to say that if any of you 
get type II cement which hovers around 
250 psi. for the 7-day mortar briquet, 
you had better be a little suspicious as 
to how well that cement has been burned, 
because in our case where we have con- 
trol and know how well the cement is 
burned, we have never fallen below 300 
psi. and consider 350 psi. a fair average. 
Now, it seems to me that the next step 
is an improvement in the requirements 
of that specification. 

Mr. Jackson has stated only one point, 
and that is the resistance to freezing and 
thawing. Mr. Swayze has taken up the 
24 per cent silica or high-silica cement. 
It is perfectly true that in our experi- 
ments, even in hard burning, we have to 
watch the high-silica cement in order to 
get early strength. This is nothing against 
the high-silica cement, except that a con- 
tractor wants to remove his forms within 
a reasonable time. — our particular 
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1232 
cement, we can allow him to move an 
arch form after 6 hr. The usual time is 
8 hr. 

I want to emphasize that simply a C;A 
requirement means very, very little. We 
have to gomuch farther than composition. 

The following will make this clear. 
When Mr. Merriman wrote the specifi- 
cations for the Fort Peck spillway and 
retaining walls he was told by a repre- 
sentative of the industry that all that 
was required was to have the specifica- 
tions call for a maximum C;A of 7 per 
cent. 

I want to emphasize here the fallacy 
of any such contention. We had to have 
a fairly high resistant cement against 
sulfates, and the specifications were 
written accordingly. That was the first 
sulfate-resistant cement that I knew of 
in the country. 

But, from one mill, with composition 
exactly the same from day to day due to 
the narrow limits of the chemical re- 
quirements, the sulfate resistance test 
which Mr. Merriman _§started—and 
which, to my mind, is still a very good 
one—would pass at certain times and at 
other times the cement would simply 
not pass that test. When we investigated 
what the difference might be, it turned 
out that some new coal burning appara- 
tus had been installed and we were not 
getting the proper heat treatment in the 
kiln 


I still believe that we are on the right 
track when we say that manufacturing 
control is of the greatest importance. 
You will find differences in cements, pos- 
sibly not only between type I and typelII, 
but among the various cements of type I 
and among the various cements of type 
II, depending on what goes on in the kiln 
room. 

Mr. R. F. BLAnxks."—I am very sorry 
that Mr. Jackson has seen fit to make 
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the presentation that he has at the pres- 
ent time. I consider it premature and ili- 
advised. 

The reason I say that is this. M 
Jackson has asked a question, and then 
he doesn’t answer it. Whenever you ask 
a question in the technical literature and 
do not follow with a satisfactory answer, 
it leads to confusion and nothing else. 

If we take the question as he has it, 
“Why Type II Cement?,” I am afraid 
he has not even come close to answering 
the question. We know from the record 
that type II cement has certain qualities 
which are far superior to those of type I 
cement. 

If we take the question as discussed 
in the paper, “Does Type II Cement 
Make Concrete More Resistant to Severe 
Freezing and Thawing” we could have 
told him a long time ago that the answer 
to that was, “no.” In other words, we 
don’t make concrete highly resistant to 
freezing and thawing by using type II 
cement. 

He should have asked the question 
“Why Air-Entrained Concrete?” To that 
question, he has given a complete answer. 

Mr. F. H. Jackson (author’s closure). 
—Mr. Tremper indicates that, in his 
opinion, the case for type II cement lies 
not so much in its superior resistance to 
freezing and thawing as in its greater 
constancy of volume. Granted that many 
laboratory investigations, including those 
cited by Mr. Tremper, do indicate a re- 
lationship between calculated C;A and 
drying shrinkage, the author would like 
to point out that, up to the present time 
none of the projects of the “Long-Time 
Study of Cement Performance in Con- 
crete” indicate that differences in C;A 
ranging from 3.7 to 13.2 per cent (the 
Tange covered by the 8 type I and the 5 
type II cements represented in the study) 


has had any observable effect upon the 


early cracking tendency of the concrete 
Furthermore, some of these projects were 
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built under conditions which it might be 
assumed would tend to bring out differ- 
ences of this nature. For example, the 
Missouri test road was built during a 
period of hot, relatively dry weather. On 
this project measured temperatures of 
concrete at time of placing never fell be- 
low 80 F. and averaged around 90 F. 
Construction was started on July 31, 
1941, and completed on August 8, 1941 
and up to the time of the last official 
inspection there were no _ indications 
whatever that such minor differences in 
behavior as had developed could in any 
way be related to differences in the vol- 
ume change characteristics of the indi- 
vidual cements. These facts would in- 
dicate to the author that variations in 
computed C;A within the range repre- 
sented in the long-time study, while they 
may possibly be of interest from a theo- 
retical standpoint, are not of practical 
importance as affecting the relative 
amount of initial cracking that may take 
place in the concrete structures in which 
they are used. 

The author believes that there may be 
a plausible explanation for the lack of 
correlation between the results of labora- 
tory tests for drying shrinkage and field 
performance. Laboratory specimens are 
almost always stored under conditions 
which minimize restraint and all surfaces 
are exposed to drying. The usual field 
member is always restrained and seldom 
are all the surfaces exposed. Further- 
more, concrete in the field is seldom 
exposed to continuous drying as is the lab- 
oratory specimen. Also, under field con- 
ditions, moisture and temperature effects 
usually tend to offset each other, drying 
out being frequently accompanied by a 
rise in temperature and vice versa. All of 
these variables would tend to reduce the 
observed effect of the comparatively 
small differences in drying shrinkage 
which might result from variations in 
the composition of the cement. 
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In reply to Mr. Blanks, the author 
would like to point out that, although 
the title of the paper is perhaps too 
broad, the exact scope of the discussion 
is clearly stated in both the Synopsis and 
in the opening paragraph of the paper 
itself. Perhaps a more descriptive but 
certainly too long a title would be “Can 
Type IIL Cement be Justified as an 
Improved General Purpose Cement, Par- 
ticularly from the Standpoint of Im- 
proved Resistance to Freezing and Thaw- 
ing?” In the author’s opinion, the paper 
supplies a rather convincing answer to 
this question—and that answer is “No.” 
Of course the extent to which the reader 
is willing to accept this conclusion will 
depend upon his willingness to accept 
the evidence of eight years exposure in 
the long-time study tests. Mr. Blanks, 
judging from his comment, appears to 
agree with the answer, at least in so far 
as it applies to resistance to severe freez- 
ing and thawing. However, as brought 
out in the paper, there are many engi- 
neers, particularly in the eastern part of 
the country, who continue to specify 
type II cement (or type ITA if they want 
air entrainment), apparently with the 
idea that there is some magic in the 
type II composition which will per se give 
them improved durability. The author is 
firmly convinced that the comparatively 
small differences in the composition in a 
typical high C;A type I cement as com- 
pared to a typical type II cement are 
not sufficient to have any practical effect 
upon durability. He agrees with Mr. 
Swayze and others who feel that the 
durability of concrete is affected to a far 
greater extent by the care used in pro- 
portioning, mixing, placing, and curing 
than by small variations in the chemical 
composition of the cement used in the 
mix. 

As Mr. Blanks pointed out, the best 
way to secure frost-resistant concrete is 
by the use of air entrainment. This has 
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1234 
been clearly demonstrated by the long- 
time study and other researches as well 
as by practical experience in the use of 
air-entrained concrete in the field for a 
period now extending over ten years. For 
this type of concrete, the question of 
type II versus type I cement would seem 
to be even less important than it has 
been shown to be in the case of non-air- 
entrained concrete. This also has been 
demonstrated by the long-time study 
tests. For example, in the Naperville pro- 
ject, all the concrete specimens contain- 
ing the air-entraining cements are still in 
excellent condition after eight years’ ex- 
posure to severe weathering. This is true 
of all six of the air-entraining cements 
regardless of type. The same may be 
said for the other three projects referred 
to in the paper. 

It should not be assumed from the 
above comments that the author con- 
siders the quality of the cement to be 
unimportant. It is very important and 


it may very well be that, as the result o 
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continuous and intensive research in this 
field, important changes in both compo- 
sition and fineness will be indicated. The 
author simply does not agree that any 
significant improvement in durability is 
effected by merely specifying type II 
cement. 

Along the line of Mr. Hanna’s com- 
ment, it is quite true that some cements 
will meet all of the specification require- 
ments of type I and type II. Practically 
all type II cements will meet the type | 
requirements. On the other hand, he 
should know that there are many type | 
cements that will not meet the require- 
ments for type II. Of the thirteen cements 
in the long-time study that were classi- 
fied as type I or type II, eight did not 
meet the requirements for type IT. They 
were either too high in C;A or CS or 
both. Mr. Hanna of course knows that it 
is the usual practice in discussions of this 
subject to consider as type I only those 
cements which cannot be classified as 
type II and this practice was followed 
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LONG-TIME STUDY OF CEMENT PERFORMANCE IN CONCRETE 
CHAPTER 6—THE HEATS OF HYDRATION OF THE CEMENTS! 


T his paper j is the sixth in a series describing and presenting results from the 
research project titled, “The Long-Time Study of Cement Performance in 
— Concrete.” This project, which was undertaken by the Portland Cement 
_ Association in 1940, was the direct outgrowth of a suggestion made by P. H. 
_ Bates, Past President, A.S.T.M., then Chief, Clay and Silicate Products Divi- 
sion, National Bureau of Standards. The plan of the investigation, as contem- 
_ plated by Mr. Bates, comprised two essential features, both of which were 
_ incorporated in the test program. 

The first of these features was the use of a representative group of American 
_ portland cements in building several series of concrete structures, or portions 
of structures, which would be observed over the years to learn the extent to 
_ which differences in cement characteristics influence the durability of concrete. 
The series of structures were to be built so that the different cements would 
_ be used under identical conditions in each of several locations selected to pro- 

vide a considerable range in exposure conditions. : 

The second essential feature of this program was the inauguration of labo- 

_ ratory studies designed to explain, in terms of composition or other properties 

of the cements, any differences in durability which may develop from the 

- exposure studies. To this end it was arranged to make all of the known or ac- 

cepted tests of cement and such other tests as seemed to offer promise, and to 

: _ preserve an ample supply of the cements for any new tests which may be devel- 

_ oped or for additional field investigations that are suggested as the study un- 

_ folds. This paper is a report on certain studies dealing with heat of hydration. 

_ Since this is the first report of this investigation to be printed by the 
A.S.T.M., a brief résumé of the program is presented. 

The program was developed by an Advisory Committee, under the Chair- 

_ manship of P. H. Bates, consisting of leading authorities in the fields of cement 

and concrete and representatives from the Portland Cement Association and 

its member companies. In addition to developing the program and selecting 

_ the cements to be used, this Committee has followed the investigation closely 

_ and reviewed all reports and published papers. 

The cements selected were ground from 21 clinkers produced at 14 different 
plants representing geographically the principal cement-producing centers of 
the United States. All five A.S.T.M. types were included. Six of the 21 clinkers 
were ground with flake Vinsol resin to produce six air-entraining cements, giv- 
ing a total of 27 test cements. A total of 37,000 bbl. was produced for the in- 


+ Shle an paper was presented at the First Pacific Area 2 Research Chemists, Applied Research Section, Port- 


National Meeting of the Society held in San Francisco, land Cement Assn., Chicago, Il. 
Calif., October 10-14, 1949. 
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vestigation. Sixty barrels of each are preserved for future requirements. When 
the cements were being manufactured, observers from the Research Labora- 
tory of the Portland Cement Association were present collecting samples and 
recording special features of the operation. 

The structures for the exposure studies include six miles of highway pave- 
ments (in three states); 222 reinforced concrete piles in fresh and salt water 
(two northern and two southern locations); 180 sections of parapet walls and 
walkway slabs on dams in high altitudes; 2000 boxes, columns and slabs on 
exposure plots in Illinois and Georgia; and 1000 test beams in sulfate soils in 
California. Construction on the projects started in June, 1941, and was com- 
pleted June, 1943; records of 6 to 8 years’ exposure are now available. 

Four papers on the project appeared in the Journal of the American Con- 
crete Institute, February to June, 1948, as follows: History and Scope of the 
Project; Manufacture of the Test Cements; Chemical and Physical Tests of the 
Cements; and Microscopical Study of the Clinker. These were reprinted as 
Bulletin 26 of the Research Laboratory of the Portland Cement Association. 
The fifth chapter of the report on this project entitled “Concrete Exposed to 
Sulfate Soils,” was published as a special publication of the American Con- 


crete Institute and the Portland Cement Association. 


When water is added to portland ce- 
ment, heat is liberated, the rate and 
amount being a function of the fineness 
and composition of the cement, the 
water-cement ratio, and temperature. In 
concrete, the resultant temperature 
changes are accompanied by expansion 
of the concrete while the temperature 
is rising and by contraction on subse- 
quent cooling. Under most conditions of 
concrete construction, the heat is dissi- 
pated rapidly, and it is only the heat 
liberated at early ages that is of conse- 
quence. In mass concrete where the heat 
is not readily dissipated, the tempera- 
ture of the concrete may continue to 
rise for a considerable time as the cement 
continues to hydrate. Studies prior to the 
construction of Hoover Dam stimulated 
research on the effect of cement composi- 
tion and fineness on the heat evolved 
during hydration and hardening. The re- 
sults of these studies (1, 2, 3, 4, 5)* led 
to the development of specifications for 
low-heat, type IV, portland cements. 
The results published in previous 
papers were confined to tests at ages up 
to one year or less. The absence of data 


§ The boldface numbers in parentheses refer to the list 


of references appended to this paper, see p. 1257. 


on the heat of hydration beyond one 
year has led to considerable speculation 
as to the quantity of heat liberated at 
later ages. Based on increases in strength 
shown at later ages, it might be antici- 
pated that the type IV cements would 
liberate more heat at later ages than 
type I cements. The cements used in the 
Long-Time Study of Cement Perform- 
ance in Concrete provided an excellent 
opportunity to obtain information on the 
heats of hydration of the various types 
of portland cement. The cements in this 
series include 21 non-air-entraining ce- 
ments and 6 air-entraining cements, 
ground from clinker produced at 14 dif- 
ferent plants. The non-air-entraining ce- 
ments represent one or more of each of 
the five types described in A.S.T.M. 
Standard Specifications for Portland Ce- 
ment, (C 150-47).4 Complete data on 
the manufacture and properties of these 
cements have been given in previous 
chapters of this report. Data on the heats 
of hydration of these 27 different cements 
are now available for ages of test up to 
64 yr. These data are presented in this 
report. 

41947 Supplement to Book of A.S.T.M. Standards, 


Part II E 1; Tentative Revision, 1948 Supplement to 
Book of A.S.T.M. Standards, Part II, p. 265. 
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THE CEMENTS 


The calculated potential compound 
compositions, minor oxide contents, fine- 
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Lerch and Ford (6) with the exception 
of the SO; results which are from the 
original analytical data carried to the 
second decimal place and the ignition 


TABLE 6-1-A.—CALCULATED COMPOUND COMPOSITION, MINOR OXIDE CONTENT AND FINENESS 
OF CEMENTS. 


Calculated Compounds,® 
per cent by weight 


Chemical Analyses, per cent by weight 


Loss on 
Ignition, 


cs | as | Ga | car SOs 


per cent 


| MgO | NazO | K:0 


Type I anp IA CEMENTS 


NUE 


owonnn 


no 


Uoooso 


NRK Wwww 
oo 
Onn 


eress 


eresee 


Type II IITA Cements 


coouce 


erssss 


Types LI anp IIIA Cements 


2.23 
2.31 
2.19 
1.72 


BES 


1.5 
1.8 
1.8 
2.3 


Type IV CEMENTS 


-98 
-52 
-13 
-87 


0. 
0. 
0. 
0. 


Type V CEMENTS 


| 41.0 | 39.0 | 3.7 | 10.0 | 1.40 | 


0.5 | 1.7 | 0.08 | 0.22 | 2025 0.63 


* Corrected for free CaO, not corrected for minor oxides. Data are from Tables 3-4 and 3-5 of Chapter 3 (6) with the 
exception of the SOs results which are from the original analytical data carried to the second decimal place, and the 
losses on ignition which are those of the cements at the time the heat of hydration tests were started. 


Letter ‘“‘T’’ after cement number indicates cements interground with 


© 1949 Book of A.S.T.M. Standards, Part 3, p. 118. 


nesses and ignition losses of the 27 ce- 
ments used in this study are shown in 
Table 6-1-A.5 These results are from 
Tables 3-4 and 3-5 of Chapter 3 by 

’ The numbering followed in this paper for tables and 
figures differs from that usually soot te A.S.T.M. publi- 
cations. The system followed here is to indicate that this 


paper is the sixth of a series; therefore the number six is 
used in each as: Table 6-1 or Fig. 6-1, Table 6-2, etc. 


ke Vinsol resin. 


losses which are those of the cements 
at the time the heat of hydration tests 
were started. The cements in this table 
represent eight type I, four type IA, 
five type II, one type ITA, three type 
III, one type IIIA, four type IV, and 


one type V cement. The air-entraining 


{ 
CoMPOSsITI D FINENESS OF 
« 
| 
Specific ‘. 
Cement 
No. 11 = 
NO. 
No. 
No. 12T..... 1.54 
1.67 
1.7: 
No. 15.... 1.97 
No. 16..... 1.71 
No. 16T..... | 1.8 
No. 17...... 1.73 
1.2 
No. 18T..... 1.6 
No. #1...... 41.0 6.4 9.7 | 1.24 0.7 1.3 | 0. oe 
No. 21T..... 40.0 6.6 9.7 1.27 1.3 0. 7 
3.5 | 6.6 11.7 1.41 0.1 3.2 0. 
No. 23.....- 24.0 3.7 | 16.6 | 1.50 | 0.4 0.9 | 0. 
l No. 24...... 29.0 | $4 | 14.8 | 1.75 | 0.9 | 3:1 | ©. 
Ne, 25...... 39.0 4.7 | 14.9 | 1.86 0.2 2.2 1 @. an 
2 
No. 31.... .| 56.0 17.0 10.8 23 2795 
No. 33......| 60.0 | 13.0 | 10.4 7.7 2530 
No. 33T.....| 57.0 | 16.0 | 10.4 7.3 5 | 0. 2510 
: No. 34......| 64.0 10.5 5.7 10.1 5 0. 2465 
No. 41......] 20.0 51.0 4.5 15.2 0. 1915 1.15 
No. 42......| 27.0 | 55.0 3.5 8.2 1920 0.70 
No. 43......| 25.0 | 48.0 6.2 | 13.8 1965 0.66 
No. 43A.....| 29.0 | 52.0 5.3 9.3 1915 0.73 
5 
3 
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cements are indicated by the letter ““T” 
after the cement number.*® 

The phase compositions of the clinkers 
from which the cements were prepared 
were determined microscopically and are 
shown in Table 6-1-B. These results are 
from Table 4-2 of Chapter 4 by Brown 


TABLE 6-1-B.—MICROSCOPIC COMPOSITION OF 
K-2 CLINKERS. 


This table is a reproduction of Table 4-2, Chapter 4. 


| 


E 
C,AF 


Free CaO 


“Dark Pris- 
matic 


wh 
Ww 


CONN 
wr Owe Uw 
ON 
OOOH 
OO 
Cems 

oO 


6.8 
9.4 
10.8 
1.4 
2.3 


a 


Nh 
“ne 


|39.as.s| 1.0] 6.3) 0.9] 3.1] 1.0| 41 


(7) and have been included for use in the 
least squares analysis of the heat of hy- 
dration data in a later section of this re- 
port. 


EXPERIMENTAL PROCEDURE 

Heat of Hydration: 
Portland cement when mixed with 
water hydrates rapidly for approximately 


2 to 3 days during which interval a con- 
siderable quantity of heat is evolved. 


After about 3 days the rate of hydration 
subsides appreciably, and the rate of 
heat liberation is low during further 
periods of hydration. 

The high rate of heat liberation during 
the early period of hydration permits 
the measurement of the heat of hydra- 
tion of the cement by direct means, for 
which purpose a modification of the Carl- 
son conduction calorimeter previously 
described by Lerch (8) is particularly 
applicable. With this apparatus a con- 
tinuous record of the heat of hydration 
and also of the rate of heat liberation 
was obtained during the first 72 hr. of 
hydration. Studies of cement hydration 
at different temperature levels can also 
be performed conveniently with this ap- 
paratus. In the study reported by Lerch 
and Ford in Chapter 3, tests of the 27 
cements were carried out at four dif- 
ferent base temperatures, 40, 75, 90, and 
105 F., in order to evaluate more fully 
the hydration characteristics of the ce- 
ments. 

All the cement pastes in the studies 
herein reported were prepared with a 
water-cement ratio of 0.40 by weight. 
Tests of pastes with higher water-cement 
ratios are in progress. The heats of hy- 
dration of the cements at later ages (up 
to 6} yr.) were determined from the 
heats of solution of the various samples 
in an acid solvent. This method yields 
results that are independent of previous 
direct measurements of hydration and is 
based on Hess’ law of constant heat 
summation. In accordance with this law 
the difference in the heats of solution of 
unhydrated and partially hydrated ce- 
ment (the final states of the samples in 
the acid solvent are identical) represents 
the heat evolved during the hydration 


of the cement. 


* At the time these cements were manufactured there 
were no specifications for air-entraining cements. The 
cements in this investigation were interground with flake 
Vinsol resin and were designated as “‘treated”’ cements. 
In the present report they have been classified in accord- 
ance with their respective A.S.T.M. Designations (C 175), 
though they do not exactly meet the requirements of the 
current specification. 


| VERBECK AND | 
var 
se 
a 
\ 
No. 11... 
No. 12... 
No. 13... 
No. 14... 
No. 15... 
: No. 16... 
No. 17... 
| No. 18... 
Tyre II 
No. 2.0) 7.0} 0.4) 1.7} 1.4) 1.4 
No. 2.2] 8.2) 0.6] 0.8) 0.2) 3.¢ 
No, 1.2] 6.2) 1.5) 2.0] 0.4) 0.4 
No. 24......./52.7/20.4] 2.9)17.8) 0.8] 0.0) 0.8) 3.7 
2 No. 25.......|42.2/36.8) 1.5)14.6) 0.3] 0.2) 0.2) 1.5 
Type III 
No. 7.1] 3.2] 1.9] 4.4] 3.1] 3.2] 3.2]11.8 
No. 33.......}70.2)] 4.2] 7.2] 4.3) 2.8] 0.0] 2.2] 0.7] 8.4 
No. 34.......]70.1) 3.8] 4.2] 7.4) 0.7] 0.0) 3.2] 1.9) 8.7 
No. 41... 51.7) 1.5|15.9) 0.4] 3.0) 0.0) 2.7] 1.3 
No. 42... 54.2} 0.9} 2.5) 0.0) 3.1] 0.4) 0.9] 7.8 
No. 43... 48.0) 2.8)11.7| 1.6] 1.8] 0.7] 1.1) 4.2 
No. 43A.. 58.4) 1.0) 5.4) 0.0} 2.5) 0.8] 0.8) 6.0 
— 


i At the time these tests were begun 
there was no standard A.S.T.M. method 
; of test for the heat of hydration at later 
ages. However, the procedure employed 
in these tests is essentially the same as 
the heat of solution method adopted in 
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by linear extrapolation of the final rating 
period, a procedure which proved entirely 
satisfactory for the conditions under 
which the calorimeter was operated. 

The apparatus employed in the tests 
consisted of a vinylite lined Dewar 


—---Beckmann Thermometer 
(Vinylite coated at 
bottom) 


-Water Bath Level 


---Lucite Collar for 
Thermometer 
=---Hollow Lucite Plug, Tapered 
=---Lucite Flange, Tempered 


Acid Mixture Level 


m=---Vacuum Flask, 500 mi. 
(Vinylite Lined) 


---Vocuum Flask Bose 
(Perforated) 


1944 and described in A.S.T.M. Tenta- 
tive Method of Test for Heat of Hydra- 
tion of Portland Cement (C 186 - 44 T).’ 
The only divergency of any consequence 
between the methods is that the final 
results of this study are expressed on 
the basis of the unignited cement weight 


pee rather than on the ignited cement weight 
ake basis. 

rd. In the present tests, the temperature 
= rise within the calorimeter was calculated 


| 
Fic. 6-1.—Heat of Solution Calorimeter. 


vacuum flask of 500-ml. capacity fitted 
with a carefully machined, hollow, lucite 
calorimeter heat, and containing a vin- 
ylite coated Beckmann thermometer and 
a lucite stirring assembly. The calorim- 
eter, shown in detail in Fig. 6-1° was 
submerged in a water bath for tempera- 
ture stability. 

71944 Book of A.S.T.M. Standards, Part II, p. 1231. 
This method is now published as Standard Method C 186- 


49 and appears in 1949 Book of A.S.T.M. Standards, Part 
3, p. 118. = 
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 Menibasadile Water and Vapor Sorp- 
tion: 
The non-evaporable water content and 
_ the water vapor sorption at 0.36 relative 


vapor pressure (r.v.p.) of a hydrated 
' cement paste are measures of the extent 


of cement hydration in a manner anal- 
ogous to heat of hydration. These corol- 
lary determinations were conducted at 
the different ages with the excess samples 


TABLE 6-2.—AVERAGE HEATS OF HYDRATION 
OF THE DIFFERENT TYPES OF PORTLAND 
CEMENT AT EARLY — ION 
CALORIMETER 


Data in this table are from Table 3-15-A, Chapter 3, 
and appear also as part of Table 6-13 in the appendix to 
this report. 


Average Heat of Hydra- 
tion at Age and Temper- 
ature Indicated, cal. per g. 


Number 
Type of Cement 


Averaged 


40 F.| 75 F.| 90 F. |105 F. 


24 Hr. 


Iand IA 

II and IIA 
III and IIIA 
IV 


of hydrated pastes not required for the 
heat of solution tests. The non-evapora- 
ble water contents were determined in a 
manner similar to that described by 
Powers and Brownyard (9). The water 
vapor sorptions were determined in an 
unevacuated desiccator containing 50 per 
cent sulfuric acid. 

The non-evaporable water content is 
defined as the water retained by the 
hydrated paste when dried over a desic- 


in cating mixture of magnesium perchlorate 
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dihydrate and tetrahydrate and has been 
expressed as the percentage ratio of non- 
evaporable water to the unignited origi- 
nal cement content of the paste. 

The water vapor sorption at 0.36 r.v.p. 
is that quantity of water adsorbed by 
the hydrated paste previously dried over 
the magnesium perchlorate desiccant. 
These results are also expressed on a per- 
centage basis of the original unignited 
cement content of the paste. 

The procedure employed in these de- 
terminations consisted of preparing a 
sample of the 30-150 mesh fraction of 
the ground hydrated paste in excess of 
that required for the heat of solution 
determination. A weighed sample of this 
material was dried to constant weight in 
a vacuum desiccator over the perchlorate 
mixture at 25 C., and the final weight 
obtained. The sample was then stored in 
a desiccator over 50 per cent sulfuric 
acid (0.36 r.v.p.) until a maximum weight 
was obtained. The sample was then ig- 
nited and its ignited weight determined. 
The non-evaporable water content and 
the vapor sorption were calculated from 
these data and the previously determined 
loss on ignition of the original cements. 


EXPERIMENTAL RESULTS 


Heat of Hydration at Early Ages (Con- - 
duction Calorimeter): 


The heats of hydration of the cements 
at early ages are strongly influenced by 
the composition of the cement and tem- 
perature as shown in Table 6-2 and Fig. 
6-2. In Table 6-2 only the average heat 
of hydration of the different types of 
cement, as affected by temperature and 
as a function of time, is shown. However, 
detailed data on the heat of hydration 
and rate of heat liberation of the in- 
dividual cements at early ages and the 
averages of the different types of cement 


reproduced from Chapter 3 = included 


4 
eS 12 18.5 | 43.7 | 52.3 | 60.9 
Il and IIA........ 6 14.9 | 34.7 | 39.9 | 47.8 
III and IIIA...... 4 28.7 | 60.6 | 67.8 | 78.1 
4 15.3 | 31.9 | 36.3 | 40.5 
1 15.9 | 37.6 | 37.7 | 43.0 
ing | nee 12 30.5 | 58.2 | 66.2 | 73.3 
6 24.2 | 45.9 | 51.2 | 58.1 
Ves III and IIIA...... 4 44.1 | 75.1 | 80.4 | 87.3 
4 22.3 | 40.8 | 42.4 | 46.8 
1 25.9 | 45.9 | 46.0 | 53.6 
12 36.9 68.0 | 73.9 80.0 
6 28.6 | 53.6 | 57.1 | 64.3 
4 52.9 | 83.2 | 85.3 | 93.2 
’ cake 4 25.7 46.6 | 45.8 $1.2 
a reece 1 31.5 | 50.8 | 51.4 | 61.5 
| 
a 
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as an Appendix to this report.* The aver- 
age results in Table 6-2 reveal the steady 
increase in the heat of hydration of the 
cement with age up to 3 days and the 
strong influence of temperature in accel- 
erating the rate of hydration regardless 
of cement type. It may be noted that 
cement composition, as represented by 
the different types of cement, con- 
sistently manifests itself in the heat of 
hydration at the different ages and tem- 
peratures. This is strikingly revealed in 
Fig. 6-2. In this figure it may be noted 
that the higher temperatures appreciably 
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solution studies, and this fact should be 
kept in mind when comparisons are made 
between the results obtained by the dif- 
ferent methods. 


Heat of Hydration at Later Ages (Heat of 
Solution Method): 


Neat cement pastes with a water-ce- 
ment ratio of 0.40 by weight were pre- 
pared at 70 F., placed into small vials, 
and the vials sealed. One complete set of 
specimens was cured continuously at 70 
F. until time of test, which is in accord- 
ance with the present A.S.T.M. Standard 


ASTM Type Il, ITA~ 


Ai 


At 48 hr 
| 


40 60 


80 100 40 


Hydration Temperoture, deg. Fohr. 


Fic. 6-2.—Effect of Temperature on the Heat of Hydration at Early Ages. Average Heat of Hydration 
of the Different Types of Portland Cement—Conduction Calorimeter. 


accelerate the hydration of the different 
cements, and that at early ages the hy- 
dration of the type III cements at 40 F. 
is approximately equivalent to that of 
the type IV cements at 105 F. 

The storage temperature of the ce- 
ments in the conduction calorimeter by 
the very nature of the test departs from 
the selected base temperature in much 
the same manner as would the tempera- 
ture of concrete under the usual condi- 
tions of concrete construction in which 
the heat is dissipated rapidly to the sur- 
roundings. This type of temperature his- 
tory does not correspond to storage at a 
constant temperature, or to simulated 
“mass” storage as used in the heat of 


Method of Test for Heat of Hydration of 
Portland Cement (C 186-49).° A com- 
panion set of specimens was subjected to 
a simulated “mass” storage procedure in 
order more nearly to represent the tem- 
perature history of concrete in a large 
concrete structure. In this latter pro- 
cedure the specimens were stored at 70 F. 
for one day, at 100 F. for the following 
27 days, and at 70 F. thereafter until 
time of test. This procedure is similar to 
that described in the U. S. Bureau of 
Reclamation Specifications for Boulder 
Dam No. 591D, May 1933, and No. 566, 
March 1934. 

The heats of hydration of the individ- 
ual cements by the heat of solution 


* 1949 Book of A.S.T.M. Standards, Part 3, p. 118. 
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method for both curing procedures were 
determined at the ages of 3, 7, and 28 
days, 3 months, 1 and 6} yr. The essen- 
tial data obtained in these tests are 
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heat liberation at ages of 3 and 7 days. 
For 28 days and beyond, the mass-cured 
specimens show nearly the same or 
slightly lower values than those cured 


TABLE 6-3.—HEAT OF HYDRATION OF NEAT CEMENT PASTES BY THE HEAT OF 
SOLUTION METHOD. 


w/c = 40 per cent by weight. 


Heat of Hydration, cal. per g. cement 


Cement Pastes Cured at 70 F. 


Mass-Cured Pastes? 


3 day | 7 day | 28 day |3 month| 1 yr. | 64 yr. 


3 day | 7 day | 28 day |3 month| 1 yr. 


Type I anp IA Cements 


oo 


MADD 
RRR 


— 


| 114.0 | 


oo 


SSRSSS Sasess 


oo 


or woun 


4 
4 
5 
4 


ONO 


Type V Cement 


| 43.5| s4.2| 73.5 | 83.0 | 90.9 | 94.3 | 46.1 | 62.9 | 78.4 | 83.0 | o1.7 | 96.6 


® Federal Specification SS-C-158a (1941) except results are expressed on dry unignited cement basis. 


Specimens stored at 70 F 
were stored at 70 F. from 28 days to time of test. 


. for 1 day, at 100 F, for 27 days, and those used for tests at 3 months and 1 and 6} yr 


© Letter “T’’ after cement number indicates cements interground with flake Vinsol resin. 


shown in Table 6-3 and Fig. 6-3. Here it 
may be noted that cement composition 
affects the heat of hydration at all ages 
up to 6} yr. and that the higher storage 
temperature during the first 28 days in 
the mass-cured specimens increased the 


continuously at 70 F. Because of the 
large number of separate items of data 
for the different conditions, these trends 
are probably best revealed by compari- 
sons of the average results for the various 
typesofcement. 


Ls: 
7 
Be 
Le 
4 
he 
02.1 | 104.2 | 112.7 
No. 11T°.. 1 111.3 | 123 01.1 | 109.1 | 113.6 
mm No. 12..... 2 | 114.6 | 123 01.3 | 107.2 | 117.4 
7 ~r No. 12T... 4 | 111.6 | 120 98.9 | 107.8 | 117.7 
ae): No. 13..... 6 | 103.6 | 115 89.1 | 96.1 | 104.3 
| ic No. 14..... 4 | 98.4 | 110 86.4 | 94.1 | 102.7 
a 
\ No. 15... 3 | 117.8 | 126 111.6 | 120.1 | 122.8 
e that! No. 16..... 0 | 104.2 | 112 90.6 | 104.8 | 105.0 
No. 16T 1 | 102.7 | 109 92.8 | 100.0 | 106.9 
— lt No. 17... 4 | 109.4 | 114 99.5 | 105.6 | 111.2 
~ ie No. 18... 7 | 110.7 | 118 102.1 | 108.8 | 117.7 
si No. 18T .. 9 | 109'8 104.3 | 111.0 | 119.9 
> Type II anp ITA Cement 
= a 0} 79.4 | 87.2 | 95.1 | 99.9 || 59.7 89.6 | 93.8 
. No. 21T.. 1) 79.5 | 89.3 | 94.0 | 97.1 || 56.9 92.9 | 97.2 
rt No. 22.... 7, 85.8 | 96.0 | 100.6 | 103.2 | 5: 96.9 | 99.4 
| Ag No. 23 .. $| 82.7 | 91.6 | 99.0 | 103.3 5 91.6 | 95.2 
a, No. 24..... 9| 76.8 | 85.1 | 93.7 | 94.4 | 6 86.3 | 91.7 
ae No. 25.. 1} 73.4 | 80.8 | 88.5 | 91.4 | 55.4 | 87.4 | 90.4 
Type Ill anp IIIA Cements 
: aq i. 6 | 106.8 | 112.7 | 120.0 | 125.8 || 86.9 | 96.9 | 102.4 | 103.8 | 116.8 | 123.5 
| No. 33..... 2| 101.5 | 107.8 | 113.5 | 120.5 | 89.2 | 95.8 | 101.0 | 102.2 | 109.3 | 116.1 
l + No. 33T... $100.7 | 108.6 | 112.8 | 122.9 | 90.3 | 96.3 | 100.8 | 101-7 | 107.6 | 117.1 
ts No. 34..... 0 | 96.6 | 100.0 | 109.0 | .15.6 | 80.5 | 86.6 | 94.8 | 96.2 | 101.8 | 111.2 
Type IV Cements 
_ No. 41........| 44.9| 52.9| 65.8 | 73.6 | 78.6 | 84.2 | 49.1 | 56.0 | 65.9 | 67.8 | 74.4 | 78.8 
ie No. 42........| 37.1| 42.0| 59.3 | 71.4 | 79.0 | 80.8 || 44.2 | 51.5 | 67.3 | 72.2 | 78.3 | 81.8 
+ ad No. 43........| 45.8| 59.1 | 71.9 | 78.8 | 82.4 | 89.5 | 52.2 | 61.0 | 71.9 | 73.5 | 83.2 | 88.7 
a No. 43A......| 35.9] 46.2| 65.3 | 74.0 | 82.5 | 86.7 || 44.3 | 53.5 | 70.6 | 73.7 | 81.5 | 88.9 
Bi... 
be 
. 


,cal. per g 
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Heat of Hydration 


wae 


Heat of Hydration, cal. per g. 


we (b) Paste mass cured, 
‘Fic, 6-3.—Comparison of the Heats of Hydration of the Different Types of Cement. 
Effect of Cement Composition and Fine- different cements is shown in Table 6-4. 
ness: Included in this table are the average 
The effects of cement composition and heats of hydration for the different ce- 


fineness on the heat of hydration of the ment — at the different ages and for 
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both conditions of storage. It may be 
seen that under comparable conditions 
of test the average heats of hydration of 
the types I and III cements are consid- 
erably greater than those of the types 
II, IV, and V cements at all ages up to 
64 yr. 

The type I cements on the average 
liberated about 25 to 30 cal. per g. more 
heat than did the type IV cements at 1 
and 6} yr., showing the strong and con- 
tinued influence of cement composition 
on heat of hydration. The average type I 
cement in about 7 days had liberated as 
much heat as did the average type IV 
cement in 6} yr. 
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Figure 6-3(b) represents the. tests of 
the cements subjected to ‘‘mass” curing 
procedure. It may be noted that th: 
results shown in this figure are similar 
in character to those for the pastes cured 
at 70 F. in Fig. 6-3(@) although numer 
ically different, particularly at the earlier 
ages. 

The effects of cement composition ar 
not only reflected in the total heat oi 
hydration of the cement but also in the 
rate of heat liberation at the later ages. 
The increments of heat liberated by the 
different types of cement between the 
ages of 1 and 6} yr. are shown in Tabk 
6-5. The data are for pastes subjected to 


‘des ‘TABLE 6-4.—AVERAGE HEATS OF HYDRATION OF DIFFERENT TYPES OF CEMENT—HEAT OF 
SOLUTION METHOD 


Heat of Hydration at Age Indicated, cal. per g. 


70 F. Storage 


land IA. 12 60.7 | 79.7 | 96.3 | 103.9 
II and IIA. 6 46.8) 60.8 79.6 88.3 
Ill and IIA 4 75.4] 91.6 . 
4 40.9 50.1 

1 43.5 54.7 


Another type of comparison is made in 
Fig. 6-3. Figure 6-3(@) represents the 
data for the pastes cured continuously 
at 70 F. and includes the maximum, 
minimum, and average heat of hydration 
for each cement type at different ages. 
The results show that each cement type 
has a reasonably separate and distinct 
range in heat of hydration at the dif- 
ferent ages and that, in general, only 
moderate overlapping occurs between the 
various types. The greatest range in the 
heats of hydration of cements of any 
particular type occurs among the type I 
cements, for which the specifications for 
chemical requirements are somewhat less 
restrictive than those of the other types 
of cement. The heats of hydration of 
types II, IV, and V cements are con- 
; sistently below those of the = I and 


both continuous storage at 70 F., and 
simulated ‘“‘mass”’ storage. 


TABLE 6-5.—EFFECT OF CEMENT TYPE ON HEAT 
LIBERATION AT LATER AGES. 


Increase in Heat of 

Hydration ae 1 yr. 

ti 

Cement Type Peano! 0 644 yr., cal. per g 
70 F. | Mass 

Storage Storage 
eee 12 8.4 7.0 
Ill 4 7.4 8.1 
4 4.7 5.2 
1 3.3 4.9 
end TAA......- 6 3.1 3.8 


Table 6-5 contains specific information 
on the question of the heat of hydration 
of the different types of cement at the 
later ages. It will be noted that types IT, 
IV, and V cements liberate less heat than 
types I and III cements during the period 
from 1 to 64 yr. From these data and 


: 
Cement Type] Number, Mass Storage 
: 3 day | 7 day bs tay mont | 1 yr. | 64 yr. |) 3 day | 7 day |28 day cathe 1 yr. | 64 yr. 
8.7 | 117.1 76.7 87.9} 95.8 98.3 | 105.7 | 112.7 
5.2 98.2 57.9 70.2 80.1 84.2 90.8 94.6 
: 3.8 | 121.2 86.7 93.9 99.8 | 101.0 | 108.9 | 117.0 
0.6} 85.3 47.5 55.5} 68.9 71.8 79.4 84.5 
0.9 94.2) 46.1 62.9] 78.4 83.0 91.7 | 96.6 
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Fic. 6-4.—Relationship Between Age and Average Heat of Hydration for Different Types 
of Cement—Heat of Solution Method. Water-cement ratio = 0.40 by weight. 


from the curves in Fig. 6-4, it appears IV and also of type II and type V ce- 
that the heat of hydration of the type ments will continue to be lower than 
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that of the type I and type III cements 
even after much longer periods of curing. 
Additional hydrating paste samples are 
available for heat of hydration determi- 
nations at ages beyond 64 yr. 


Effect of Temperature: 


The temperature at which the cement 
paste was cured affects the heat evolved 
by the cement. However, the cycle of 
varying temperatures used in the simu- 
lated mass storage of one set of cement 
pastes makes the direct isolation of the 
effect of temperature difficult. At 3 days 
the average heat of hydration of mass- 
cured pastes (stored for 1 day at 70 F. 
and 2 days at 100 F.) was approximately 
20 per cent higher than the average for 
the pastes cured continuously at 70 F. 
At 7 days the heat of hydration of the 
mass-cured pastes was approximately 10 
per cent higher than the average of the 
pastes cured at 70 F., whereas at 28 days 
the average heats of hydration of the 
pastes subjected to the two curing pro- 
cedures were approximately the same. 
After 28 days the mass-cured specimens 
were returned to 70 F. storage and the 
average heats of hydration of these pastes 
was slightly below that of the pastes 
cured continuously at 70 F. when tested 
at 3 months and at 1 and 6} yr. Under 
the conditions of these tests it appears 
that the initial impetus of increased tem- 
perature in accelerating the heat evolu- 
tion of cement does not persist and has 
little effect on the heat of hydration at 
later ages. 


Effect of Interground Vinsol Resin: 


The heats of hydration observed for 
the non-air-entraining cements and the 
companion air-entraining cements con- 
taining interground Vinsol resin were 
about the same in most of the determina- 
tions. There was no consistent relation- 
ship among the small deviations that 
were observed, which indicates that the 
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interground Vinsol resin had no signifi- 
cant effect on the heat of hydration of 
the cements. 


Least Squares Analysis of Heat of Hydra- 
tion Data: 


The results of the heat of hydration 
tests were analyzed mathematically by 
the method of least squares to reveal the 
influence of cement composition on the 
heat of hydration of the different cements 
at the several ages. The least squares 
analyses were made on three different 
bases to determine which basis most 
satisfactorily fitted the experimental 
data. All three methods of calculation 
assume a linear and independent relation- 
ship between the composition of the ce- 
ment and heat of hydration as follows: 


Method 1-4 Variables: 


a(% CS) + CS) + CsA) + 
C,AF) = heat of hydration, cal. per g. at a 
given age. 


The compositions of the cements used in 
this method of analysis are calculated 
compound compositions as shown in 
Table 6-1-A. 


Method 2-5 Variables: 


a(% C3S) + b(% CS) + CsA) + d(% 
C,AF) + e(% SO3) = heat of hydration, 
cal. per g. at a given age. 


The calculated compound compositions 
were also used in this method of analy- 
sis. The SO, contents were determined 
by chemical analysis and are given in 
Table 6-1-A. 


Method 3-6 Variables: 

a(% CS) + W(% CS) + (% CA + dark 
prismatic) + d(% CsAF) + e(% glass) + 
S(% undifferentiated) = heat of hydration, 
cal. per g. at a given age 


in which the compositions are the results 
of microscopic determinations on the 


various clinkers as reported in Table 


— 
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The six cements interground with Vin- 
sol resin, and six additional cements 
(Nos. 13, 24, 31, 33, 34, and 41) having 
losses on ignition (Table 6-1-A) greater 
than an arbitrarily selected value of 1 
per cent were not considered in any of 
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resulting from partial prehydration of 
the cement have significantly lower heats 
of hydration than corresponding cements 
of lower ignition loss (10). Accordingly, 
the cements with ignition losses greater 
than 1 per cent were omitted from the 


TABLE 6-6.—RESULTS OF LEAST SQUARES ANALYSIS OF HEAT OF HYDRATION DATA, 


| Coefficients of Linear Equations at Age Indicated, cal. per 0.01 g. of 


Component 


compound 


3 day | 7 day | 28 day 


3 month | 1 yr. | 6% yr. 


Pasres CuRED at 70 F.—4 VARIABLES (METHOD 1) 


(Calculated) 
(Calculated) 
C:A (Calculated) 
(Calculated) 


0.5840.08 0. 
0.12+0.05, 0. 
2.12+40.28 
0.69+0. 


5340.11 0.90+0.07 
10+0.07) 
72+0.39; 3.29+0.23 
-18+0. 37| 1.180. 22) 0.980.16 


1.17+0.07 | 
0.54+0.04 
2.7940. 23 
0.90+0.22 


1.040.05 
0.25+0.04 0.42+0.03 
3.110. 


-17+0.07 
- 5320.05 
- 280.25 
- 1120.24 


PasTEes Cunep aT 70 F.—5 VARIABLES (METHOD 2) 


C:S (Calculated). . . 

C:S (Calculated) . . 

C:A (Calculated). . 
(Calculated) 

(Chemical analysis) 


0.54+0.08 0.51+0.11 
0.04+0.13 
1.514+0.38, 3.43240.55 
0.20+0.34 0.94+0.48 
8.92+4.12 4.45.94) —2. 17£3.37|—7. —8.28+3.44 


0.9140.07 
0. 290.07. 
3.4440. 31 
1.3040. 27) 


1.22+0.04; 1.20+0.07 
0.74+0.04) 0.6520.08 
3.7040.18) 3.85+0.32 
1.6340.16, 1.550.28 


1.07+0.04 
0.5340.04 
3.60+0.18 
1.3720. 16) 


Pastes Curep at 70 F.—6 VARIABLES 3) 


C3S (Microscopic) 
C:S Microscopic) 
CsA + Dark prismatic (Microscopic) 
_ CsAF (Microscopic) 
Glass (Microsco wy 
Undifferentiated (Microscopic) 


0.78+0.18 


0.794+0.09 0.8640. 13] 
0.28+0.06 0.30+0. 09, 
2.9840.38 4.4740. 49, 3.07+0.42 
0.03%0.26 0.50+0. 34 
1.42+0.24 0.58+0.20) 
—0.93+40. —0.8940.62 1.34+0. 53) 


1.12+0.11) 1.232%0.11 
0.59+0.08) 0.67+0.07 
2.4340.43 
0.734%0.30, 0.5520.29 
1.28+0.21| 0.79+0.20 
1.4040.54) 0.89+0.52 


0.90+0.11 
0.39+0.07 


1.10:+0.10 
0.52+0.07 
2.67+0.40 
0.84+0.30 0.52+0.28 
0.7540.19 
1. 1440.50) 


PASTES “Mass” Curep—4 VARIABLES (METHOD 


CaS (Calculated) 
CS (Calculated) 
C3A (Calculated) 
CsAF (Calculated). . 


0.6140.09 0.84+0.06 
0.10+0.06 0.14+0.04 0.45+0.04) 0. 
3.34+0.30 3.30+0.20 
0.8020.29 0.950.19) 0.580. 19 0. 


Pastes “Mass” Curep—5 V VARIABLES 


1.04+0.06 1. 1.2340.07, 1.14+0.07 
0.60+0.04 0.68+0.04 
2.4240.24, 3.17+0.22 


0. 570.23) 0.59+0.21 


2.7140.20, 2. 


CaS (Calculated)... 
(Calculated) 

CsA (Calculated)... 

CsAF (Calculated)... 

SOs (Chemical analysis) 


0.07+0.11 
0.690.41, 


0.6040.09 0.86-0.05 
0. 2440.06 
3.2040.46 3.7940.25 
1,350.22 
2.02:4.98 —7.22:2.69) 6.292. 84) —7.1742.58) 


1.06+0.05) 1.16-£0. 05, 
0.54+0.06' 0.620.06 
3.1340.26, 2.98-+0.24 
0.92+0.23| 0.79-+0.21 


1.2140.07; 1.16+0.07 
0.54+0.08 0.74+0.08 
2.154+0.36 3.44+0.32 
0.35%0.31 0.82+0.28 
4.0143.84 —4.08+3.49 


Pastes ‘Mass’? CurED—6 VARIABLES (METHOD 3) 


CaS (Microscopic) 0.78+0.11 
CxS (Microscopic) 

C3A + Dark prismatic (Microscopic). . 
CsAF (Microscopic). . 

Glass (Microscopic) 


Undifferentiated (Microscopic) 


1.59+0.21 
—0.110.54 


the calculations. The interground Vinsol 
resin cements were omitted from the 
analyses on the basis that their consid- 
eration would automatically include rep- 
etition of certain compositions and would 
therefore tend to give undue weight to 
such compositions. It has been shown 
that cements having high ignition losses 


0.97+0.08 
0.22+0.08) 
3.76+0.44) 3.52+0.33 
0.37+0.30|—0.02+0.23 
0.850. 16 
0.41+0.41 


.03-40.09| 
"5540.06 


0.99+0.08| 1.09-40.11 


0.52+0.06 


-24+0.12 
- 7940.08 
- 7940.46 
-02+0.32 
- 2620.22 
0.8740. 54) 0.15+40.57 


0.2640. 23 -2640.24 
1.28+0.16 -4340.16 
0.91+0.42 -050.43 


1 

0 
2.8940.33, 2.60+0.34 

0 

1 

1 


analyses in order to exclude any possible 
influence of preliminary hydration or car- 
bonation. In addition, cement No. 21 
was excluded from the analyses because 
of its low specific surface area which 
might affect its rate of hydration rela- 
tive to the other cements included. The 


inclusion this cement those 
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mathematically studied would have 
broadened the range in the specific sur- 
face areas of the cements studied by 
approximately 45 per cent which might 
have more than offset the advantage of 
an additional item in the analysis. These 
omissions reduced the number of cements 
to 14. All 14 of these cements were sub- 
jected to the least squares analysis of 
method 3. However, two additional ce- 
ments (Nos. 14 and 22) were excluded 
from the method 1 and method 2 analyses 
because the results of a preliminary par- 
tial method 1 analysis had indicated that 
these two cements alone accounted for 
more than half of the variance occurring 
in the results of the analysis. 

Each of the three methods of least 
squares analysis was performed at each 
of the six different test ages for the 
pastes subjected to continuous curing 
at 70 F. and to the simulated mass curing 
procedure. The results of these analyses 
are shown in Table 6-6 which includes 
the numerical values for the heat coeffi- 
cients of the individual cement compo- 
nents that best fit the experimental heat 
of hydration data. Also included are the 
probable errors of these values, these 
serving in each instance to establish the 
magnitude of error such that the prob- 
ability of the error being greater is equal 
to the probability of the error being less 
than this amount. The results are also 
shown graphically in Fig. 6-5 in which 
the contributions of the individual com- 
ponents are expressed as calories per 
gram and in which the probable error is 
indicated. 

The results of the least squares analy- 
ses are only numerical expressions which 
most suitably reproduce the values for 
the heat of hydration of the individual 
cements included in the analyses, and 
may be influenced by the manner of 
preparation of the cements and by the 
presence of various minor constituents. 
The results may be directly applied to 
determine the presence of significant de- 
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viations among the particular cements 
studied and may be used in estimating 
the heats of hydration of cements other 
than those included in the analyses. 

The numerical significance of the 
values resulting from a least squares ana!- 
ysis of this type is somewhat more difii- 
cult to interpret but may be indicative 
of various trends. The results of the 
present analysis indicate several signifi- 
cant trends that are of particular in- 
terest. 

It may be observed in Fig. 6-5 that 
the derived heat coefficients of the cal- 
cium silicates steadily increase with in- 
creasing age. Regardless of the basis of 
analysis and the curing procedure, the 
6}-yr. values obtained for either the C;S 
or the C,S agree satisfactorily among 
themselves and are also in good agree- 
ment with previously reported values (2, 
3, 4, 11) for the ultimate heats of these 
compounds. 

However, the coefficients derived for 
thealuminum compounds, C;sAand C,AF, 
are decidedly different from previously 
reported values, this being particularly 
pronounced for the C;A component for 
which the calculated heat coefficients are 
in general exceptionally high. The mag- 
nitude of the calculated heat coefficients 
of the aluminum compounds and the con- 
sistent increase in the coefficient for C;A 
between 1 and 6} yr. suggest that rela- 
tively slow secondary changes may have 
occurred during the hydration of these 
compounds. 

The heat coefficients of the SO; content 
of the cements (method 2) are of particu- 
lar interest in that they show a significant 
trend with age for the pastes cured con- 
tinuously at 70 F. (Fig. 6-5(a)), whereas 
no significant trend is observed for the 
mass-cured pastes (Fig. 6-5(b)). Consider- 
ing the probable error of the calculated 
results at the various ages, it appears that 
at 70 F., SO; performs a significant rdéle 
in heat liberation. On the other hand, 
the data obtained for SO; in pastes sub- 
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.—Mathematical Analysis of Heat of Hydration Data, Least Squares Method. 
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TABLE 6-7.—COMPARISON OF OBSERVED HEATS OF HYDRATION AND HEATS OF HYDRATION 
CALCULATED FROM THE RESULTS OF THE THREE METHODS OF LEAST SQUARES ANALYSIS. 


Heat of Hydration,® cal. per g. cement 


Pastes Cured at 70 F. Mass-Cured Pastes? 


3day 7 day|28 day 7day 28 day) 


| 


Tyre I 


Basis of Comparison 


Calculated Method 24...... 
Calculated Method 3°.... 


Observed........ 
Calculated Method 1 
Calculated Method 2 
Calculated Method 3” 


esse 


AAD! 


2338 


anor 
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Observed. . 
Calculated Method 1...... 
Calculated Method 2..... 
Calculated Method 3..... 


Observed. . 

Calculated Method 1 
Calculated Method 2 
Calculated Method 3....... 


Observed 
Calculated Method 1 
Calculated Method 2 
Calculated Method 3 


Observed... .... 
Calculated Method 1....... 
Ce'culated Method 2 
Calculated Method 3 


Observed 

Calculated Method 1 
Calculated Method 2 
Calculated Method 3 


Observed 

Calculated Method 1...... 
Calculated Method 2 
Calculated Method 3 


Observed ; 
Calculated Method 1...... 
Calculated Method 2 
Calculated Method 3 


Observed........ 
Calculated Method 1 
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SSSR | 


sese| 


Observed 
Calculated Method 1 
Calculated Method 2 
Calculated Method 3.. 


oon 
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ed 61.0) 79.4 
Calculated Method 1 -1} 56.8) 79.0 
Calculated Method 2 .0} 58.5) 80. 
Calculated Method 3...... -9 57.9) 


Observed 
Calculated Method 1 : 
Calculated Method 2 43.5 
Calculated Method 3.......| 45.9 


to See p. 1252. 


@ 
ses | 


ag 
1 yr. |64 yr. 
No. 11.....] Observed............... 102.1 fros.2 [112.7 
Calculated Method 1° 101.4 {108.1 1114.6 
ied No. 113.6 
116.2 
110.8 
{ 
No. 12... 117-4 
115.8 
114.9 
117.7 
114.8 
115.8 
No. 13... 
~ 
119.8 
By 118.1 |} 
at 102.9 |1 
104.2 |! 
103.4 |1 
104.2 
Calculated Method 2.... 
Calculated Method 3.... 
No. 18.....] Observed . 
Calculated Method 1 
a’ 
<a 
No. 
iJ 
a“ 
‘ 
1.2 | 95. 59.7| 7 7 | 84.1 93.8 
ie 3.5 | 95. 57.5} ¢ 7 | 86.6 99.7 
1.7 |101. 56.6) 7 6 | 89.9 101.6 
5.0 | 91. 54.7 2 | 81.7 94.2 
: No. 21T.... 60.1) 79.5 | 89.3 | 94. 56.9) 7 3 85.7 97.2 
at 56.5| 77.6 | 86.6 | 93. 56.9) ¢ 7 | 84.3 97.3 
; 58.2) 78.6 | 89.6 | 99. 56.0 7 4 | 87.3 99.1 
75.9 | 85.0 | 91. 54.7) 2 | 81.7 94.2 


| 
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TABLE 6-7.—Continued. 


Heat of Hydration,® cal. per g. cement 


Pastes Cured at 70 F. Mass-Cured Pastes? 
Basis of Comparison 


Tday day 1 yr. yr.||3 day 7 day 28 day 1 yr. yr. 


IIA Cements—C ontinued 


Observed 

Calculated Method 1 
Calculated Method 2....... 
Calculated Method 3..... 


103.2 
100.8 


> 
OW 


Observed 
Calculated Method 1 
Calculated Method 2 
Calculated Method 3 


Observed 
Calculated Method 1 
Calculated Method 2...... 
Calculated Method 3 


Observed. . 

Calculated Method 1 
Calculated Method 2 
Calculated Method 3 


| 


| SERS 


Coron 


wn wn 


Sot | BOD 
Done | |] | ww 

| 2000000 | | o 
SESS | | SESS 
|] Wood | 


Observed 

Calculated Method 1 
Calculated Method 2..... 
Calculated Method 3....... 


Observed 
Calculated Method 1...... 
Calculated Method 2 
Calculated Method 3 


Observed 
Calculated Method 1 
Calculated Method 2 
Calculated Method 3 


Observed 

Calculated Method 1 
Calculated Method 2 
Calculated Method 3 


owoes 


SERS 


Sea 


CHAN] 


| 


woo 


Calculated Method 1 
Calculated Method 2 
Calculated Method 3 


Observed 
Calculated Method 1 
Calculated Method 2 
Calculated Method 3 


SEES 


Calculated Method 1..... 
Calculated Method 2..... 
Calculated Method 3.. 


Observed 

Calculated Method 1.... 
Calculated Method 2 i 
Calculated Method 3....... 


Anon 
a 


| 


| | oman 


Calculated Method 2....... 
Calculated Method 3....... 


wono 


| | 
ment | 
Ce 
No. 22 62.7| 8 
60.6] 81.5 | 89. 
62.3| 82.2 | 91. > 
57.5| 81.3 | 88. an | 
No. 23..... 54.8] 82.7 | 91. 
62.6| 83.8 | 91. 
61.8| 84.4 | 92. 
62.4| 87.5 | 96. a 
‘ | 
Type Ill CEME ik 
No. 31..... 95.61106.8 |112.7 |120.0 103.8 |116.8 |123.5 
77.5| 98.0 |105.5 |110.5 102.0 |108.5 |113.6 
82.0] 96.5 |100.5 |101.2 97.0 |111.3 |110.8 
96.2|102.1 |109.9 |113.8 105.7 |109.7 |118.0 
No. 33... 78.0] 92.2]101.5 |107.8 {113.5 102.2 |109.3 |1 & 
63.4] 79.6|100.8 |108.0 |113.0 104.0 |110.8 |1 
70.3| 84.1| 99.1 |102.4 |102.7 98.5 1113.9 |1 
78.5|101.0|110.4 |117.9 {119.9 110.5 {118.7 |1 
No. 33T... 78.0] 94.5|100.7 |108.6 |112.8 
61.7] 77.6] 98.4 |105.7 |110.8 
67.5] 81.8] 97.0 |101.1 |102.2 
78.5]101.0/110.4 |117.9 |119.9 
No. 34 68.8] 84.0] 96.6 |100.0 |109.0 
57.1] 67.0] 91.1 | 98.8 |105.4 
60.6] 69.7| 90.3 | 95.9 |100.2 
62.9] 79.3] 97.4 105.9 |109.8 
Type IV Cements 
No. 41..... ...| 44.9] $2.9] 6 ia 
37.5] 45.8] 6 
37:9] 50.5] 6 — 
42:3] 57.6] 6 
No. 42..... 37.1] 42.0) 5 
35.2) 42.4| 5 
| 34.6] 42.2] 5 84.4 = 
36.6] 44.8] 6 — 
No. 43..... 45.8] 59.1] 7 88.7 
42.8] 57.3] 7 88.9 
44.1] 58.2] 7 88.3 
46.3| 62.8] 7 92.6 
No. 43A.... 46.2) ¢ 88.9 
51.1) 6 90.8 
51.9] 6 90.3 “th 
| 37-6] 44.3] 62.3 | | 85.2 | ; 
Type V CEMENTS * | 
No. 51... | 43.5| $4.2] 73.5 | 83.0 | 90.9 | 94.3 | 46.1] 62.9| 91.7 | 96.6 
51.1, 70.9 | 80.6 | 88.4 91:7 | 49.3) 61.6) 76.1 88.5 | 90.8 
50.6 71.3 | 81.5 | 90.0 | 92.7 || 49.0) 62.1) 87.7 | 91.5 
55.4] 68.6 | 79.7 | 87.0 | 91.1 || 61.4] 73. 85.3 | 92.6 
(Continued on page 1252.) a “a 


Probable Error (Plus or Minus), cal. per g. cement 


Pastes Cured at 70 F. Mass-Cured Pastes 


3 day | 7 day |28 day as 1 yr. | 64 yr. 


1 2.44 
2 2.27 
3 2.74 


3.38 
3.25 
3.66 


1.98 | 1.49] 1.99 
1.85 | 1.05 1.05 
3.13 | 2.97 | 3.18 


2.16 
1.89 
3.05 


Ye ane Specification SS-C-158a (1941) except results are expressed on dry unignited cement basis. 


were stored at 70 F. from 28 days to time of test. 
© Method 1, four variables, analysis based on calculated phase compositions. 
4 Method 2, five variables, analysis based on calculated phase compositions and SOs contents. 


imens stored at 70 F. for 1 day, at 100 F. for 27 days, and those used for tests at 3 months and 1 and 6} yr. 


* Method 3, six variables, analysis based on microscopically observed 
J Letter “T” after cement number indicates cements inte 
® The compositions of the clinkers interground with flak 
corresponding clinkers not interground with flake Vinsol resin. 


jected to a temperature of 100 F. during 
the early period of the “mass” curing 
procedure show no consistent trend at 
the various ages of test. 

The most probable vaiues obtained 
for the heat coefficients of the various 
cement components (Table 6-6) resulting 
from the least squares analyses were used 
to calculate the heats of hydration of all 
the cements in this study. A comparison 
of the observed heats of hydration and 
the heats of hydration calculated from 
the results of the three different methods 
of least squares analysis is shown in Table 
6-7. This table includes the results for 
all 27 cements for both methods of cur- 
ing and at all the ages and in addition 
includes the probable error (12) indicated 
by the degree of fit between the observed 
and calculated heats of hydration of the 
cements actually subjected to the least 
squares analyses. As shown in Table 6-7 
there is, in general, reasonably satisfac- 
tory agreement between the observed 
and calculated heats of hydration. How- 
ever there is no consistent trend between 
the degree of agreement obtained be- 
tween the observed heat of hydration and 
that calculated on the basis of either the 
calculated or microscopically observed 
phase compositions of the cements. In 
certain instances the heats of hydration 
calculated from the least squares analyses 
on the basis of the calculated composi- 
tions (methods 1 and 2) most nearly re- 


Fe 


hase compositions. 


round with flake Vinsol resin. 


e Vinsol resin used in applying Method 3 are those of the 


produce the observed heats of hydration; 
in other instances, more satisfactory 
agreement is obtained on the basis of 
the microscopically observed phase com- 
positions (method 3). The relative merits 
of the three different bases of expression 
for the heat of hydration are probably 
best indicated by the calculated probable 
errors shown in Table 6-7. Although there 
is considerable variation in the probable 
errors calculated for the different ages 
and the two curing procedures for any 
particular method of least squares analy- 
sis, the average probable errors for all 
the test conditions for the individual 
methods were as follows: method 1, 2.12 
cal. per g.; method 2, 1.88 cal. per g.; 
and method 3, 2.98 cal. per g. It would 
therefore appear that method 2, based 
on the calculated phase compositions and 
the SO; contents better fits the data for 
the cements from which the coefficients 
were calculated than do either method 1, 
based on the calculated phase compo- 
sitions without the SO; contents, or 
method 3, which was based on the micro- 
scopically observed phase compositions 
of the clinkers. 

The percentage of each of the calcu- 
lated phase compounds in cement is a 
linear function of the percentages of the 
various oxides (SiO2, Al,O;, Fe,O3, and 
CaO), after correction of the calcium 
oxide for free lime and gypsum. There- 
fore, the coefficients obtained by the 


4 
a Analyzed 
2.66| 1.70] 1.75] 1.85] 2.07] 1.97 
2.73} 1.48| 1.54] 1.41] 2.12]. 1.93 
14 3.19 2.39 2.45 2.52 3.16 3. 36 
“= 
| 
re. 
-# 
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3,7 and 28 days 3 months 


5 ye Compressive Strength 
Heot of Hyde 4 


Average Compressive Strength of |-2.77 Mortar Cubes, psi. 


% 20 40 60 80 100 120 0 20 40 60 80 100 120 
Average Heot of Hydration at 7OF, cal. per g. 


Ax; 


Fic. 6-6.—Relationship Between the Average Compressive Strength and the Average Heat of 
Hydration of the Five Types of Non-Air-Entraining Cement at Various Ages. 


TABLE 6-8.—AVERAGE COMPRESSIVE STRENGTHS OF MORTAR CUBES AND HEATS OF HYDRATION OF 
THE DIFFERENT TYPES OF NON-AIR-ENTRAINING PORTLAND CEMENTS AT VARIOUS AGES. 


: a . : Heat of Hydration (at 70 F.) 
Compressive Strength* at Age Indicated, psi. ot hes oat 


Averaged 


Cement Type 


3 day 28 day ‘ . | 3 day | 7 day |28 day 


1689 4789 60.9 
1180 3728 46.9 
3457 6250 75.9 

688 2510 } 40.9 
1240 3010 | 43.5 


* 1-2.77 graded Ottawa sand mortar 2-in. cubes continuously cured under water at 70 F.—strength data from Table 
3-11-C Chapter 3. 


method of least squares based on the Compressive Strength and Heat of Hydra- 
calculated phase compositions could also tion: 

have been derived with equal precision ; 

had the analysis been based on the actual Average ener naan strengths and 
chemical oxide composition of the ce- heats of hydration for the different types 
ments after correction of the calcium of non-air-entraining cements are given 
oxide (2). vy in Table 6-8. Figure 6-6 shows relation- 


he 1253 
| 
y » 
oll 
al 
d 
's 103.7 | 108.6 | 116.8 
l, 5 60.9} 79.6] 88.1 | 95.4] 98.4 
Re 3 90.6 | 101.6 | 106.8 | 114.2 | 120.6 
)- 4 50.1] 65.6] 74.5 | 80.6] 85.3 
1 54.7 | 73.5| 83.0] 90.9] 94.2 
)- 
’ 
1- 
a 
PP 
d 
m 
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ships at the different ages between the 
average compressive strengths of 2-in. 
mortar cubes prepared from the different 
types of non-air-entraining cements and 
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on the other three diagrams of Fig. 6-6 
As previously mentioned, it might b 

anticipated from the results of strengt 

tests that the type IV cements, for ex- 


TABLE 6-9.—NON-EVAPORABLE WATER CONTENTS AND VAPOR SORPTIONS. 
Neat cement pastes, w/c = 40 per cent by weight. 


Pastes Cured at 70 F. 


Mass-Cured Pastes 


per cent by weight of 
Cement 


Non-Evaporable Water, |Sorption at 0.36 r.v.p.,| 
per cent by weight of 
Cement 


Sorption at 0.36 r.v.p., 


Non-Evaporable Water, 
| per cent by weight of 


per cent by weight of 
Cement 


28 
day 


7 
day day 


3 month 


. day 


64 


28 
day yr. 


| 28 | 


& 


— 


wr 


om 


Ons 


20000 


Ansnwoon 


OOO 
BAN 


Tyre II ann I 


> 
oO 


6.1 
6.4 


Type V Cexent 


|11.0|13.6|16.7|19.6 20.7| 3.8| 5.0] 6.4| 6.3 7.1}10.6 13.0 16.2|17.3118.3|20.0| 3.5| 4.3| 5.7| 6.6] 6.8 


* Letter ““T” after cement number indicates cements interground with flake Vinsol resin. 


the average heats of hydration of the 
same cements cured at the same tem- 
perature (70 F.). It may be noted that 
a definite relationship exists between 
strength and heat of hydration at the 
ages of 3, 7, and 28 days, but also that 
there is no such relationship at the ages 
of 3 months, 1 and 5 yr. For comparison, 
the curve for the early ages is repeated 


ample, would liberate more heat at later 
ages than type I cements. However, the 
data in Table 6-8 and Fig. 6-6 indicate 
that at the later ages the compressive 
strengths bear little relationship to heat 
of hydration. All of the different types 
of cement continued to liberate addi- 
tional heat during the interval from 1 to 
5 yr., but, as may be seen in Table 6-8, 


‘ 
~ 
Cement 
No. 12T... 
Poe No. 15.... 
No. 16f... 
No. 17... 
No. 18T... 
No. 3.6] 5.5] 6.3] 6.9} 6. 19 8) 3.5] 4.7] 5.6] 6.8) 
No. 5.6] 6.5] 7.2] 7.6/12.1/14.4/16.8 20.5) 3.6) 4.9) 5.9) 7.1 
No. 3.4] 5.9] 6.6] 6.3] 7.4)13.1]15.2]17.5 20.9) 3.4) 5.1) 5.9) 7.0) 
No. ...|19.5]20.0] 3.6] 5.5) ...] 6.0] 6. 11.5 14.9/16.6 19.1] 3.3) 4.7] 5.5) 6.5 
No. 4.2) 5.3 5.7} 6.6/12.0/14.0)15.0 18.0) 3.6] 4.2} 5.0) 5.8 
No. 3.9] 5.2) ...] 5.7] 5. 11.6 13.6)|15.5 18.2) 3.2] 4.3) 5.1) 6.0 
Tyre III ITIA Cements 
No. 31.......{17.9]20.2] ...|23.1/23.9] 5.7] 6.5] ...] 6.1 19. 1/20. 5.3) 6.2] 6.3) 6.6) 6.6) 7.1 
No, .. .|21.6|22.6] 5.6] 6.4) ...] 6.1] 6.81/17. 5.2] 6.0) 6.1] 6.4] 6.6] 7.2 
No. ...}22.1/23.4] 5.7] 6.3] ...| 6.3 5.4 6.2) 6.5] 6.7] 6.8) 7.2 
No, ...}21.1/21.9) 5.3] 6.4) . 5.9 18. 4.9] 5.6) 5.8) 6.2] 6.2] 6.5 
Type IV Cements 
No, 3.7] 5.1) ...] 5.7 6.3|10.0 2.9} 3.9 s.1l 5.8] 6.1) 6.5 
No. 42.......] 3.3) 4.8 6.2 7.0 2.7] 3.6) 5.6] 6.4] 6.6) 6.7 
No, 2/18.5/19.6) 3.7) 4.6 a 5.9) 3.6) 4.2) 5.2] 5.9] 6.3) 6.6 
No. 43A......] 3.2] 3.1) 3.9] 5.6) 6.2] 6.6) 6.9 
1 
4 
A 


the average strengths of mortar cubes 
for the types I and III cements actually 
showed a slight decrease during this 
period. This is a further indication of the 
impracticability of attempting to esti- 
mate the heat of hydration of cements 
irom strength data at ages beyond 28 


days. 
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may be noted that there are some varia- 
tions in these factors among the different 
cement types, as was also the case in the 
heats of hydration. Both the non-evap- 
orable water and water sorption values, 
like those for heats of hydration, con- 
tinued to increase with duration of paste 
curing. 


TABLE 6-10.—AVERAGE NON-EV AROS ABLE WATER CONTENTS AND VAPOR SORPTIONS OF THE 
DIFFERENT TYPES OF CEMENT. er 
Non-Evaporable Water, per cent by weight Sorption at 0.36 r.v.p., per cent by weight 
of cement of cement 
Cement Type 
aged | 3 day | 7 day zs day aA 1 yr. | 64 yr. || 3 day | 7 day |28 day ae 1 yr. | 6} yr. 7 
Pastes Curep at 70 F. oe 
12 15.4} 18.4 | 19.9} 20.8} 22.5 4.8 6.1 6.8 7.2 7.7 
II and ITA 6 12.1 15.4 he 18.8 20.2 3.7 5.5 ans 6.3 6.7 5 
III and IIIA... 4 17.4 19.2 22.0 22.9 5.6 6.4 6.1 6.8 A 
OF cautusavennees 4 10.3 12.9 18.4 19.5 3.5 4.8 ve 6.0 6.8 = 
1 11.0] 13.6] 16.7 19.6 | 20.7 3.8 5.0 6.4 6.3 7.1 
Mass-CurepD PAsTES 
| 12 14.8 | 17.2] 18.9 | 19.4 -6| 22.4] 4.9 5.5 6.1 6.9 7.3 
II and IIA...... 6 12.0 | 14.4 16.3 16.9 19.4) 3.4 4.7 5.5 6.5 6.7 7.3 
7 and ITIA.. 4 16.9 | 18.2 19.5 20.1 -8| 22.41 5.2 6.0 6.2 6.5 6.6 7.0 
9.8 11.5) 14.9 16.2 | 19.1 3.1 3.9 5.4 6.1 6.4 6.7 
1 10.6 13.0 16.2 | 17.3 20.0] 3.5 4.3 5.7 6.4 6.6 6.8 


TABLE 6-11—COMPARISONS OF HEAT OF 
HYDRATION AND NON-EVAPORABLE 
WATER, AND SORPTION AND 
NON-EVAPORABLE WATER. 


The average results at the different 
ages for the individual types of cement 


— a subjected to the two storage conditions 
Average Heat of | Average per cent 
a Soden ent ne: are shown in Table 6-10. Here it can be 
_ : per g.foreach | (0.36r.v.p.) for observed that significant differences 
4 per cent of each 1 per cent of 
: Cement Type | non-evaporable | non-evaporable = occur among the several cement types, 
particularly at the earlier ages. The aver- 
70 F. Mass- 70 F. Mass- e non-ev n 
| Maw | 20F. | Mas ag aporable water contents for 
.|—__ types II, IV, and V cements are sig- 
6 Ill and] ITIA.. 5.25 5.13 | 0.307 | 0.318 i 
Tand IA......... $20 | $10 | 0:38 | Bificantly lower than the average for 
I and —heene 5.03 | 4.90 | 0.333 | 0.343 types I and III cements at all ages 
$0. 55 4.89 | 4.78 | 0.346 | 0.347 : 
4.67 | 4.61 | 0.3465 | 0.350 studied. 


Non-Evaporable Water 
Vapor Sorptions: 
The non-evaporable water contents 
and the water vapor sorptions at 0.36 
relative vapor pressure of the individual 


Contents and 


General relationships exist between 
heat of hydration and either the non- 
evaporable water content or water sorp- 
tion as is shown in Fig. 6-7. It may be 
noted that the non-evaporable water con- 
tent, the vapor sorption, and the heat of 


e hydration of the paste are, to a degree, 
t cements are shown in Table 6-9. all measures of the extent of hydration 
S The non-evaporable water content and of the cement. 

4 the water sorption of the cement pastes, These general relationships appear to 
0 like the heat of hydration, are measures be influenced somewhat by cement com- 
3, of the extent of cement hydration. It position but such variations as occur are 


i 
| 
| 
{ 
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not excessive. However, these variations 
may be of importance in detailed studies 
involving these factors and cement com- 
position. Table 6-10 shows comparisons 
between heat of hydration and non-evap- 
orable water and between the vapor sorp- 
tion at 0.36 relative vapor pressure and 
non-evaporable water for the various 
types of cement. The results indicate 
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water-cement ratio of 0.40 by weight 
that at this water-cement ratio: 

1. The heat of hydration of portland 
cement increases continuously for at 
least 63 yr. 

2. The composition of the cement af- 
fects the heat of hydration at all ages. 
The heats of hydration of types II, IV, 
and V cements were consistently below 


| | 


| 


© -- Type I, 1A 

4-- " 
IV, 


Non-Evaporable Water—_ 


1 ae * 


Woter Sorption 
ot O36 rvp. 


| | 


x 
Vv 


x 


c 
® 

oO 

° 

r= 

2 
® 
a 
2 

a 

- 

oO 

= 
° 
= 


20 40 


60 80 100 120 


Heat of Hydration, cal. per g. 
Fic. ademas | Between Heat of Hydration and Either Non-Evaporable Water 


or 


ater Sorption at 0.36 Relative Vapor Pressure. 


Average results for each of five types of portland cement, pastes cured at 70 F. and mass cured, ages from 
3 days to 64% yr. 


that the type III cements evolve more 
heat per unit of non-evaporable water 
than do the other types of cement, 
whereas the sorption of hydrated type 
III cements per unit non-evaporable 
water is less than that of the other types 
of cement, type IV cements showing the 
greatest sorption. 


SUMMARY AND CONCLUSIONS 


_ It may be stated on the basis of these 
tests of neat cement pastes having a 


those of the types I and III cements at 
all ages up to 6} yr. Between 1 and 6} 
yr. the rate of heat liberation of the 
types II, IV, and V cements was less 
than that of the types I and III cements. 

3. The use of flake Vinsol resin as an 
air-entraining agent had no significant 
effect on the heat of hydration. 

4. The results of least squares analyses 
indicate that somewhat better correla- 
tion is obtained between the heats of 
hydration and the calculated phase com- 


| 
I 
t 
4 
=." 4 = 


positions of the cements than between 
the heats of hydration and the micro- 
scopically observed phase compositions. 

5. Temperature of curing appreciably 
affects the rate of heat liberation at early 
ages. However, this effect does not per- 
sist, as companion pastes cured at 70 F. 
and 100 F. had approximately the same 


heats of hydration at 28 days. 
6. The heat of hydration of cements 
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at ages beyond 28 _ cannot be esti- 

mated from strength data as other factors 

are involved in the relationship. 

7. General relationships were observed 
between heat of hydration and either the 
non-evaporable water content or the 
vapor sorption of the pastes, although 
cement composition exerts some e influence 
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Heat of Hydration, cal. per g. for Period Indicated 


This table is a reproduction of Table 3-13, Chapter 3. 


CALORIMETER METHOD, UP TO 72 HOURS (6) 


Neat pastes: water-cement ratio = 0.40 per cent by weight. 
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TABLE 6-12.—Continued. 


Heat of Hydration, cal. per g. for Period Indicated 


Cement No, 18T 


Cement No, 21 


Cement No. 24 


Cement No. 31 


on page 1260.) 


Temperature of 
Air and Bath 


{ 
4 
| 
deg, Fake. | $min. | 10min. | 30min] thr. | 4hr. | hr. | izbr. | | ashe. | 72 br. 
Cement No. 18 
2.7 3.4 3.8 4.9 6.4 8.2 | 16.2 | 28.9 33.9 * 
Cincccdicsisat ae 3.8 4.4 5.1 9.6 | 26.1 | 34.1 | 45.8 | 59.7 | 70.0 . 
a cccdbtich<ocl a 3.9 4.7 5.5 | 15.2 | 32.8 | 39.8 | 52.6 | 67.0 | 75.9 
3.2 3.8 5.0 | 26.7 | 40.8 | 47.5 | 58.7 | 70.8 | 79.0 
2.8 3.7 4.4 5.9 8.0 10.4 18.9 26.9 33.6 
5.1 5.6 6.5 | 106 | 202 | 2.5 | 41.5 | 60.4 | 72.8 
5.2 5.9 6.8 | 17.0 | 26.1 | 33.7 | 50.8 | 66.8 | 76.5 
4.7 5.2 11.7 | 181 | 346 | 44.5 | 57.8 | 70.4 | 78.0 
@ 
1 
Re hee 2.3 3.2 3.5 5.5 7.1 8.1 12.4 | 19.9 | 23.5 aye 
i cckedddeictcl 3.2 3.6 4.1 7.6 | 18.0 | 23.8 | 31.7 | 43.5 | 50.8 ede 
2.8 2.8 3.1 9.6 | 22.1 | 27.6 | 37.8 | 49.1 | 54.2 
Gickaiunnd oe 3.1 3.5 3.8 | 15.8 | 26.6 | 33.2 | 43.9 | 55.3 | 62.5 t-2 
Cement No, 21T 
ec ae Te 2.3 3.6 3.8 5.8 6.4 7.0 | 10.6 | 16.1 | 18.2 ig 
pena 3.3 3.7 4.3 7.7 | 17.7 | 22.4 | 31.3 | 44.3 | 52.2 3 
eased Ree 3.2 3.3 3.7 9.9 | 21.0 | 265 | 37.4 | 49.2 | 55.3 | 
Wh chisel” Ue 3.6 3.8 4.2 | 15.2 | 269 | 34.8 | 47.1 | 59.6 | 66.6 rs | 
Cement No. 22 
ANA Se 2.7 3.7 4.4 7.0 | 8.1 | 9.3 14.2 23.3 27.9 as 
Darcie bcontectal ae 4.0 4.6 5.4 8.3 | 17.5 | 23.2 | 30.7 | 41.6 | 50.0 ees 
| 38 | an as | 98 | | 27:2 | 360 | 50.6 | 58.8 
ERNIE Ty 3.9 4.4 4.9 | 15.3 | 29.1 | 36.7 | 49.2 | 61.0 | 67.4 i 
Cement No. 23 
EE eT 2.3 3.1 | 3.5 5.3 | 6.8 8.3 | 13.3 | 23.9 | 29.9 , 
3.4 3.9 4.5 8.7 18.4 25.5 35.8 44.8 51.3 
2.9 3.2 3.7 11.7 | 25.1 | 31.7 | 38.7 | 46.9 | 52.0 
2.8 3.1 3.3 | 15.2 | 27.7 | 32.2 | 42.2 | 52.7 | 60.8 
pT Te 2.7 3.8 4.4 5.6 7.9 | 106 | 19.1 | 31.2 | 35.5 , 
cient 3.6 4.1 4.8 | 12.0 | 28.0 | 33.1 | 41.8 | 54.2 | 62.4 he eae 
wee ge 3.7 4.0 4.7 | 20.9 | 31.9 | 37.7 | 48.1 59.4 | 64.0 i. 
Saw ae 4.2 4.6 5.7 | 26.7 | 37.6 | 43.8 | 53.6 | 60.7 | 65.0 ee 
Cement No. 25 
} Pa Meee: 3.0 4.2 5.0 7.3 | 10.3 | 12.7 | 195 | 31.0 | 36.5 anes 
36 | 3.9 | #6 | 88 | 26 | | ara | | 
3.7 3.9 4.3 | 12.8 | 29.1 | 33.2 | 41.6 | 51.8 | 58.6 
3.7 4.0 44 | 21.9 | 35.4 | 41.7 | 506 | 59.5 | 63.6 
4.3 5.0 s.9 | 10.3 | 14.9 | 181 | 31.7 | 45.8 | 54.6 
5 6.1 6.7 8.2 | 25.8'°| 43.1 | 47.4 | 58.0 | 74.7 | 83.7 
5.8 6.5 8.5 | 37.6 | 49.9 | 56.1 | 71.0 | 84.8 | 90.7 
6.2 | 7.2 || 104 | 45.5 60.1 | 68.0 | 81.5 | 9.5 | 97.3 
1 a 
2 2:3 | 3.2 | a6 | 5.2 | | 13.7 | 17.6 | 24 | 42.0 | 49.1 
1 Wik: 4.8 6.4 52.1 63.3 77.5 86.3 
4.8 6.9 57.6 | 68.7 | 80.6 | 85.4 
5.3 69.5 | 81.6 | 8%.7 | 95.2 
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TABLE 6-12.—Concluded. 
Heat of Hydration, 
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| 30 min. | 


5 min. | 10 min. 


Air and Bath, 
deg. Fahr 


Temperature of 


Sate 
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ao | eee a 3.4 4.5 13.2 17.0 | 28.3 | 44.4 | 53.6 
4.9 5.5 48.1 54.9 66.7 81.2 87.9 
4.7 5.3 52.1 58.1 71.0 | 84.3 | 89.1 
5.2 5.6 | 62.4 | 70.1 | 80.7 | 88.8 | 94.6 
3°. a 2.6 4.3 | 12.0 | 15.4 | 26.5 | 44.3 | Sea 
5.0 5.7 39.4 | 45.4 | 54.5 | 67.0 | 75.1 
4.7 4.9 4.3 | 49.5 | 60.5 | 71.8 | 75.9 
| ag he? GR 5.0 5.3 47.6 | 55.0 | 68.7 | 79.0 | 85.8 
> 2.7 3.6 8.6 | 10.9 16.5 | 23.9 | 26.6 
3.5 3.6 25.5 | 29.0 | 37.5 | 44.0 | 46.8 
4.3 4.5 29.4 | 34.3 | 42.5 | 48.3 | 51.8 
6.3 8.3 | 13.1 | 20.3 | 245 
sa 75 PRN 2.1 2.6 | 3.1 | 12.9 | 21.2 | 30.6 | 37.2 | 41.6 
2.2 2.3 18.2 | 24.5 | 30.4 | 36.8 | 40.8 
3.2 | 23:5 | 274 | 344 | | 46:3 
me Sees 41 5.2 | 10.2 | 11.7 | 15.6 | 23.5 | 27.3 
5.3 5.6 20.3 | 24.5 31.2 | 43.3 | 51.0 
5.1 5.1 | 25.4 29.6 | 42.8 50.4 54.1 
BO | 5.4 | | 324 | 39.7 | 47.2 | 52.6 | 55.8 
es eee 4.0 | 9.7 | 11.6 | 16.0 | 21.4 | 26.4 
3.7 4.1 | 20.4 | 260 | 32.7 | 38.9 | 43.2 
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3.5 3.6 28.4 31.7 | 37.9 45.0 51.0 
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2.7 2.9 3.3 15.1 29.2 | 34.3 | 43.0 | 53.6 | 61.5 
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Fic. 6-8.—Rates of Heat Liberation at Three Temperatures. 


This figure is a reproduction of Fig. 3-1, Chapter 3 (6). 
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TABLE 6-13.—AVERAGE HEATS OF HYDRATION OF THE DIFFERENT TYPES OF PORTLAND 


12 hr. | 24 hr. 


8 hr. 


(6) Heat of hydration at 75 F. 


4 hr. 


ypes of Portland Cement—Conduction 


(d) Heat of hydration at 105 F. 


Table 6-13. 


This figure is a reproduction of Fig 3-2, Chapter 3 (6). 


Heat of Hydration at Age Indicated, cal, per g. 
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Calorimeter, Data taken from 
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(c) Heat of hydration at 90 F. 
Fic. 6-9.—Average Heat of Hydration of the Different T 


(a) Heat of hydration at 40 F. 


Fa 
40 
= 4A 
® 20 40 60 80 0 2 40 #60 680 
oe Time, hr 
= 100 
| 
le 20 40 60 860 ‘0 20 40 #60 60 
Temper. 
Cement Type Averaged Air and | _ 
TandIA.........| 12 40 2.3 | 2.9 | 3.87 42 | 6.0] 8.2] 10.4] 18.5] 30.5] 36 
_-. Il and ITA....... 6 40 1.7 | 2.6 | 3.6 | 4.1 6.1} 7.8| 9.3] 14.9| 26.2] 28.6 
III and ITIA..... 4 40 2.6 | 3.4 | 4.6 |] 5.4 13.5] 17.0] 28.7| 44.1] 52.9 
4 40 2.0 | 2.9 | 3.9] 4.5 | 6.7] 8.7| 10.6] 15.3| 22.3] 25.7 
~~ Witéikiwanses 1 40 1.0 1.7 3.0 3.6 6.0 8.0 10.0 15.9 25.9 31.5 
ITand IA........| 12 75 3.5 | 3.9 | 4.2 | 5.1 | 10.2| 24.1] 32.2] 43.7| 58.2] 68.0 
6 75 3.2 | 3.6 | 4.0 4.6 | 8.8] 20.2] 26.1| 34.7] 45.9| 53.6 
ITI and IIIA... 4 75 4.7 | 5.2 | 5.6 7.0 | 23.0] 43.7| 49.9] 60.6| 75.1| 83.2 
75 3.5 3.9 4.3 4.9 9.0 18.8 24.5 31.9 40.8 46.6 
1 75 2.8 | 3.2 | 3.7 4.1 | 8.7] 20.6] 27.7] 37.6] 45.9| 50.8 
Tand IA. 12 90 3.5 | 3.9 | 4.2 4.9 | 15.6] 32.3| 39.2/| 52.3| 66.2] 73.9 
II and 6 90 3.2 | 3.4 | 3.6 | 4.0 | 12.5] 25.3| 30.7] 39.9| $1.2] 57.1 
III and IIIA... 4 90 4.7 | 5.0 | 5.5 7.1 | 33.6] 49.5] 55.3| 67.8] 80.4| 85.3 
4 90 3.3 | 3.5 | 3.6 4.1 | 12.3] 23.5| 28.0] 36.3| 42.4] 45.8 
1 90 2.3 | 2.4 | 2.9 2.9 | 10.1] 23.3| 29.4] 37.7| 46.0| 51.4 
ITandIA.........| 12 105 3.5 | 3.9 | 4.4] 5.8 | 25.5] 41.2| 49.0] 60.9| 73.3| 80.0 
Il and 6 105 3.3 | 3.6 | 3.9 | 4.4 | 18.4] 30.6| 37.1] 47.8| 58.1 | 64.3 
III and IIIA..... 4 105 5.1 5.4 5.9 7.9 43.5 58.0 65.7 78.1 87.3 93.2 
105 3.8 | 3.9 | 4.2 4.8 | 17.9] 28.4| 33.3| 40.5| 46.8] 51.2 
i 105 2.5 | 2.7 | 3.3 | 15.1] 29.2] 34.3] 43.0] 53.6] 61.5 
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THE EFFECT OF TIME AND TEMPERATURE OF BURNING ON THE 
PROPERTIES OF QUICKLIME PREPARED FROM CALCITE* 


SYNOPSIS 


Pure calcite, sized to pass a No. 10 sieve and to be retained on a No. 20 
sieve, was calcined in an electrically heated rotary tube, which was provided 
with continuous feed and discharge. Over 40 calcinations were made, with 
maximum material temperatures varying from 1700 F. to 2400 F. and with 
over-all retention times varying from 46 min. to 474 min. The density, porosity, 
surface area, and reactivity with water were determined on each of the result- 
ing quicklimes. 

Porosity, surface area, and reactivity with water are closely related. Highly 
porous limes have high surface area and a fast rate of reaction, while limes of 
low porosity are characterized by low surface area and slow reaction with 
water. 

The results show that porosity of the quicklime is determined primarily by 
the rate of heating prior to and during calcination, while the heating condi- 
tions subsequent to calcination have relatively little effect. When material of 
this size required 35 min. or more to reach a temperature of 1700 F., the re- 
sulting quicklime was always highly porous, regardless of subsequent treat- 
ment. Quicklimes calcined in increasingly shorter periods were correspondingly 


| | | 


less porous. 


The properties of quicklime and of the 
products made from quicklime are 
affected by many factors such as the 
composition and texture of the original 
limestone, the methods used in burning 
the stone, and the handling and exposure 
conditions to which the lime is subject 
during cooling and storage. The present 
report is concerned only with the effect 
of burning conditions upon the activity, 
porosity, and surface area of quicklimes 
produced from a pure crystalline calcite. 
Some of the other variables are still 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

1 Associate Professor, Research Associate, and Re- 
search Assistant, respectively, Massachusetts Institute of 
Technology, Cambridge, Mass. 

2 Present address, New England Lacquer Co., East 
Providence, R. 


under investigation and will be the 
subject of later reports. 

Commercially, quicklime is produced 
in both rotary and shaft kilns. The 
products of the two types of kilns differ 
markedly, even when made from the 
same stone. This is first shown by the 
variation in activity of the two types of 
lime upon treating with water, and sub- 
sequently by differences in the hydrated 
products; putties and hydrates produced 
from the two types of lime have different 
settling rates, yields, and flow char- 
acteristics. 

Many of these differences have been 
attributed to the wide difference in 
retention time in the kiln. It is not” 
unusual for material to be in a shaft kiln 
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: taining an accurate determination of the 
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for 75 to 100 hr., whereas under rotary 
kiln operation the time from cold stone 
to cold quicklime may be 2 hr. or less. 
The time ratio of about 50:1 may well 
be expected to produce a difference in 
properties. 

The temperatures which prevail in the 
two types of kilns are not well known. 
In a rotary kiln, it is difficult to measure 
anything but the momentary surface 
temperatures of the particles as they 
slide down the bed of tumbling material. 
In a shaft kiln, it is impossible to see or 
measure anything but the lumps at the 
edge of the kiln. The results are that the 
maximum temperatures in commercial 
kilns are largely unknown, but the 
opinions of operating men are that they 
probably lie in the range of 1800 to 2300 
F. in both rotary and shaft kilns. 

One of the earliest studies of the 
effect of temperature of burning on the 
properties of quichklimes was that by 
Bleininger and Emley (1)* They burned 
4-lb. samples of stone, encased in 
saggers, in a downdraft muffle kiln at a 
series of controlled temperatures. They 
found that the slaking reaction was a 
means of fixing the proper burning 
temperature for a given lime and that the 
relation between porosity and calcining 
temperature gave valuable information 
in regard to the best calcining temper- 
ature. 

The work of Bleininger and Emley 
was done under static conditions with 
no variations being made in the heating 


schedule. Other investigators (2, 3, 4) 


have similarly burned commercial stones 
under static conditions. No references 
have been found to burning under 
controlled conditions of agitation on a 
laboratory scale. 

One of the objections to burning under 
static conditions is the difficulty of ob- 


« . ? The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1277. 
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variation of temperature of the stone 
with time. If stone is to be burned in a 
muffle, the muffle may initially be at 
the desired temperature but the intro. 
duction of the cold stone drops the 
muffle temperature. A later recovery 
takes place, but it is impossible to 
determine exactly when and how closely 
the charge approaches the muffle tem- 
perature. 

Another objection to burning under 
static conditions is that it usually re- 
quires the charge to be in lumps of 
j-in. or larger, a size too large for 
laboratory tests. Any necessary grinding 
or pulverizing, particularly in a humic 
atmosphere and with an active lime 
results in an uncontrolled pickup o 
carbon dioxide and water and produces : 
change of unknown magnitude in th 
activity and possibly in other properties 
of the lime. 

Burning in a rotary kiln therefor 
appears to have several advantages ove 
static burning for laboratory investi 
gations. It permits accurate control and 
measurement of the time-temperature 
relatigns, it utilizes stone of small size 
so that the lime produced may b 
evaluated without further grinding an 
therefore with minimum opportunit: 
for accidental pickup of carbon dioxid 
and water, and finally, the rotary kil 
permits control of the atmosphere during 
burning. For these reasons, a rotary kiln 
was selected as the preferable calcining 
unit for this study. 

Impurities in limestones may have an 
important effect upon the properties of 
the resulting quicklimes. Since later 
portions of the program will be con- 
cerned with the evaluation of the effect 
of impurities, it is desirable to have data 
obtained on a stone without impurities 
for comparison. Consequently, a crys- 
talline calcite was used as a raw material 
for these tests. 

The propert 
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Feed End and Side View. 
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were selected for study were reactivity 
with water, porosity, and surface area. 
Reactivity with water is the one of most 
interest from the user’s viewpoint. All 
three of these properties are more or less 
interrelated, for a high degree of activity 
is usually associated with a highly porous 
lime which also has high surface area. 


TEMPERATURE 
CONTROLLER 
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The discharge from the kiln was col- 
lected directly in a glass screw-top bottle 
so that the transfer from one container 
to another would be avoided. An attach- 
ment held the collector on the discharge 
end of the kiln in such a manner that the 
collector and kiln could be purged con- 
tinously with an inert gas. For all 
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EQUIPMENT AND EXPERIMENTAL 
METHODS 


Rotary Kiln: 


The rotary kiln used on this project 
consisted of an alundum tube, 1} in. 
inside diameter and 36 in. long, mounted 
within an electrically heated muffle 
furnace which was provided with auto- 
matic temperature control. The kiln was 
mounted with a pitch of } in. per foot and 
was equipped with a variable speed drive 
so that the rotation could be controlled 
at will within the range of 0.78 to 8.0 
rpm. A scoop-type feeder, which picked 
up a uniform amount of the calcite on 
each revolution of the kiln, was used. 


Fic. 2.—Rotary Kiln. 


calcinations, nitrogen was used to swee| 
the collector and kiln. The total volum: 
of kiln plus collector was about one liter 
and the nitrogen flow was adjusted to 
approximately 13 1. per min. A small 


- opening was left at the feed end of the 


kiln so that a probe thermocouple could 
be inserted, allowing temperature 
measurements to be made at any desired 
point over the length of the kiln. The 
end of the thermocouple was bent at a1 
angle so that the bead of the couple 
could be inserted and held in the tum 
bling bed of material. This permitted the 
measurement of the temperature distri- 
bution in the material in the kiln. The 
muffle furnace which enclosed the kiln 
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° 
was automatically controlled to +20 
F. by a control mechanism actuated by a 
thermocouple located in the muffle, 
above the kiln. The temperature fluc- 
tuations in the kiln were of appreciably 


causes some size reduction in the stone 
due to abrasion and thermal shock. The 
resulting quicklime may undergo an 
additional size reduction due to abrasion 
and also by thermal shrinkage. However 
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Fic. 3.—Slaking Apparatus. 
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a less magnitude than those in the muffle. the calcite used in this study produced a 
- Figure 1 shows the feed end and side lime, the gradation of which was sub- — 
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Lime Slaker: 


To establish the reactivity of the lime 
with water, it was felt that a measure- 
ment of the temperature rise on slaking 
would be a suitable index. It was obvious 
that, because of the extreme rapidity 
with which some of these limes slaked, it 
would be impossible to follow the 
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which would give a maximum temper- 
ature rise of about 40 C. or one-fifth 
of the chart width, the maximum instru- 
ment lag would be less than one-half 
second, if the reaction were instantan- 
eous. The recorder chart was graduated 
in 1 C. intervals and could be read to 
0.1 C. With a chart speed of 2 in. per 


TABLE I.—PROPERTIES OF QUICKLIMES AS AFFECTED BY TEMPERATURE AND TIME OF 
CALCINATION. 
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temperature rise with a mercury ther- 
mometer; consequently, an iron-con- 
stantan thermocouple was used with a 
Brown Electronik Recorder. The speed 
of the recorder was such that the pen 
will make a complete sweep across the 
11-in. chart (0 to 200 C.) in about 2 sec. 
Since a water-lime ratio was selected 


min., the time scale could be read to 
1 sec. 

A Waring Blendor was used for slaking 
the lime. This gave such violent agita- 
tion that it was necessary to decrease the 
speed by reducing the voltage. Figure 
3 is a line drawing of the slaking ap- 
paratus. The entire equipment was 


} 
Activity 
oeth- 
ATs 
474 182 
97 37 
474 146 
67 21 
308 86 83 
J 103 29 40 | 
- 74 21 71 
2341 48 14 
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operated in a constant temperature 
room, controlled at 20 C. The quicklimes 
and the distilled water for slaking were 
both stored in closed containers in the 
constant temperature room overnight, 
before the slaking test was made. A 
ratio of 7 parts of water to 1 part of 
quicklime by weight was used for all 
slaking tests. This ratio provided enough 
water to prevent loss of heat in evolving 
steam, but not enough to cause drown- 
ing. 

Surface Area Equipment and Measure- 

ments: 


The surface areas of the quicklimes 
were determined by the low-temperature 
nitrogen adsorption method, based on 
the Brunauer, Emmett, and Teller 
Theory (5). The apparatus and tech- 
niques used were the same as reported by 
Staley and Greenfeld (6) in evaluating 
quicklimes and hydrates produced from 
a commercial limestone. 


Density and Porosity: 


The true densities of these materials 
were determined by helium displacement 
and the apparent densities by mercury 
displacement. From these two densities 
the porosity was calculated by the 
following formula: 


in per cent, 

density by helium displacement, 
and 

density 
ment. 


Dm 


Dug by mercury displace- 


Loss on Ignition and Carbon Dioxide 
Content of Lime: 


The values for loss on ignition and 
for carbon dioxide content were used to 
establish the completeness of burning 
and as an index of the amount of air 
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slaking which had occurred during 
handling. ‘The material was sampled 
after cooling overnight in a closed con- 
tainer. The methods used for these de- 
terminations were those of A.S.T.M. 
Methods of Chemical Analysis of Lime- 
stone, Quicklime, and Hydrated Lime 
(C 25-44). The results are given in 
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Fic. 5.—Effect of Calcining Temperature on 


Slaking Activity of Lime. : 


Retention Time = 67 min. 
Numbers Represent Muffle Temperatures. 
Table I to the nearest 0.1 per cent, ex- 


cept in the case of several CO, deter- 


minations which were in the range of 0.02 _ 

to 0.04 per cent and which are reported 
as 0.1 per we 

The calcite used in this investigation i 

was the type designated as “cleavable 


#1946 Book of A.S.T.M. Standards, Part II, p. 114. 
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calcite” by the supplier. As received it 
consisted of crystals ranging in size 
from 3 in. up to 2 in. Most of the crystals 
were clear and colorless, but a few had 
some surface impurities. The crystals 
were hand-picked to eliminate any con- 
taining obvious impurities. The selected 


quality that the impurities could not be 
detected by normal wet analytical 
methods. Its purity was confirmed by 
spectrographic analysis. 

The density of the calcite as de- 
termined by both helium and mercu 
displacement was found to be 2. 


a 
2 
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Porosity, per cent 
Fic. 6.—Relation Between Activity and Porosity of Lime. 


crystals were then crushed and screened 
to pass a No. 10 and to be retained on a 
No. 20 sieve. The sized material was 
washed with water to remove adhering 
dust of fracture and dried in an electric 
oven before use. 

The material thus prepared was of such 


alcite 
was determined as 0.015 sq. m. per g. 
RESULTS 
Temperature Distribution in Kiln: 


The temperature distribution in the 
kiln was measured by inserting the 
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robe thermocouple through the feed 
end of the kiln. Measurements were made 
.t 2-in. intervals with the thermocouple 
ead embedded in the charge. Typical 
kiln temperature distribution curves 
are shown in Fig. 4 for muffle temper- 
atures from 1900 to 2500 F. In general, 
the point of maximum temperature was 
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almost 200 F. lower than the indicated 
muffle temperature when the retention 
time was very low. 
Activity: 

It is obviously desirable to have some 
single numerical value which will be 
indicative of the activity of the quick- 
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Fic. 7.—Relation Between Surface Area and Porosity of Lime. d 
Temperatures Represent Muffle Temperatures. 


close to the center point of the kiln, and 
the maximum kiln temperature was 
roughly 100 F. less than the temperature 
at which the muffle was controlled. The 
maximum kiln temperature decreased as 
the retention time of the material in the 
kiln was decreased. In some cases the 
maximum temperature in the kiln was 


lime when slaked with water. However, 
it is extremely difficult to obtain such a 
figure which can be justified on theoreti- 
cal grounds. Careful study of the slaking 
curves indicates that at least two types 
of curves were produced. When tem- 
perature rise is plotted against time using 
linear coordinates it is found that the 
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curves representing the active limes are 
practically straight until the major 
portion of the quicklime has been ex- 
hausted. On the other hand, the inactive 
limes produce a curve which is hyper- 
bolic in character. The plot of temper- 
ature rise against time is practically 
straight on log scales for a large part of 
the slaking period. A few limes appear 
to be intermediate in character between 
these extremes, and do not give straight- 
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comparing the several limes. The most 
serious error in using it as an index of 
activity is found with the extremely 
active limes. With some of these, the 
slaking was complete in 3 to 4 sec., and 
the reading at 5 sec. gives the impression 
that these limes are somewhat slower to 
slake than is actually the case. Figure 
5 presents typical slaking curves and 
illustrates the effect of variation in kiln 
temperature on the rate of development 
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Fic. 8.—Effect of Retention Time on Porosity of Lime. 
Temperatures Represent Mufile Temperatures. 


line plots on either linear, semi-log, or 
log plotting. 

Because of the variation in type of 
slaking curve, an empirical point was 
selected to be indicative of the rapidity 
of slaking. The point selected was the 
temperature rise which had occurred 
5 sec. after adding the quicklime to the 
water. The “activity” determined in this 
manner is designated by the symbol 
AT;. This point is admittedly a compro- 
mise, but has proved to be very useful in 


of heat. The limes represented by the 
curves of Fig. 5 had a uniform retention 
time in the kiln of 67 min. 

Further studies of the mechanism of 
slaking are planned as a part of the 
complete program. Pending the com- 
pletion of, these studies, the activity 
index as mentioned above forms a usable 
index to some of the characteristics of 
the limes, although its purely empirical 


must not be overlooked. 
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Relation between Burning Conditions, 

Activity, and Porosity: 

Muffle temperatures were controlled 
at a series of fixed temperatures, namely, 
1900, 2100, 2300 and 2500 F. The over- 
all retention time in the kiln was varied 
from a low of about 46 min. to a high of 
474 minutes. 

The properties of the quicklimes pro- 
duced are given in Table I with the data 
grouped in accordance with the control 
temperature of the muffle. All calcin- 
ations numbered from 19-1 to 19-8 
inclusive had a muffle control temper- 
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the properties of the quicklime cannot 
be completely separated from the effect 
of retention time. Figure 8 is a plot of 
porosity against retention time for the 
limes produced at the four different 
muffle temperatures. Figure 9 is a 
similar plot of activity coefficient, ATs, 
against retention time. From these 
figures it is apparent that both porosity 
and activity decrease with an increase in 
burning temperature at all retention 
times. This relationship has frequently 
been noted in the static calcination of 
commercial limestones. 


w 


a 
2 


50 100 


ature of 1900 F., all numbered 21-1 to 
21-11 had a muffle control temperature 
of 2100 F., etc. In each group, the 
several calcinations are arranged in order 
of decreasing retention time. 

Inspection of Table I discloses that the 
properties of surface area, porosity, and 
activity are closely correlated. High 
values of surface area are always as- 
sociated with high values of porosity and 
with high activity. This correlation is 
better shown by Figs. 6 and 7 where 
activity and surface area are plotted 
against porosity. 

The effect of burning temperature on 


250 
Retention Time, min 

Fic. 9.—Effect of Retention Time on the Activity of Lime. a 

Temperatures Represent Muffle Temperatures. 
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The normal concept of the relation of 
time of burning to the properties of the 
lime is that any increase in retention 
time beyond that required for complete 
calcination causes shrinkage of the lime 
and decreased porosity due possibly to 
the fluxing action of impurities. It is 
tactily assumed that the formation of 
this flux is a slow process and that time 
is essential to the attainment of maxi- 
mum shrinkage of the lime. 

However, since the material used in 
this investigation was high-purity cal- 
cite, no fluxing action was _ possible. 
Nevertheless, limes were produced which 
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were inactive, of low porosity, and to 
which the commercial teminology “‘dead- 
burned” could be applied. 

With the exception of the limes 
produced at the very lowest burning 
temperature, those produced by keeping 
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ature, an optimum retention time may 
be located which produces greatest! 
porosity and activity. If the material i: 
held in the kiln for a longer time than 


this optimum, the porosity decreases, but 
at a very slow rate. On the other hand, if 


— 


= 


N 


1900 


2100 


Moximum Bed Temperoture, deg. 


Fic. 10.—Effect of Maximum Bed Temperature on Porosity of Lime. eA dts 


Numbers Represent Retention Time in Minutes. 


the retention time short (50 to 100 min.) 
are all less porous, less active, and have 
less surface area than those produced 
with retention times of 200 min. or 
more (see Figs. 10 and 11). The data 
indicate that, for each burning temper- 


the retention time is less than the opti- 
mum, the porosity and activity may be 
greatly decreased, particularly at the 
higher temperatures. Further study of 
the data indicates that the rate of heating 
of the material, either prior to calcin- 
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ation or during calcination, or both, is an 
important factor. A decomposition pres- 
sure of one atmosphere is attained with 
calcite at 1647 F. (897 C.) under equili- 
brium conditions (7). It may be assumed, 
as a first approximation, that under the 
non-equilibrium conditions in the ex- 
perimental kiln the decomposition is 
substantially complete at 1700 F. Using 
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The relation between the porosity of 
the lime and the time required for the 
material to reach 1700 F. is shown in 
Fig. 12. This indicates that if the time 
to reach 1700 F. with calcite of this size 
is 35 min. or more, the resulting product 
is highly porous and active. On the 
other hand, if the time required to reach 
1700 F. is less than 35 min., the porosity 
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sss“ FG, 11.—Effiect of Retention Time on Activity of Lime. 
Maximum Kiln Temperature, 2400 F. 


the temperature distribution measure- 
ments made with the probe thermo- 
couple, together with the calculated rate 
of progress of the material through the 
kiln, it is possible to calculate the time 
required for the material in the kiln to 
reach 1700 F. This calculation has been 
made for all burns. The results are given 
in the fourth column of Table I. 


are porous and 


may be greatly reduced. The results _— 
appear to be almost independent of the = 
ultimate burning temperature. Physical 
limitations prevent the material from 
reaching 1700 F. (and complete cal- 
cination) in less than 29 min. when the 
muffle control is operating at 1900 F. 
Hence all limes produced at this control 
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active. With a muffle control temper- material is exposed subsequent to cal- 
ature of 2500 F., it is possible to reach _cination and the time at which it is held 
a material temperature of 1700 F. in at this elevated temperature. It has 
14 min., and the limes so produced are of _ been reported by Zimens (8) that the 
relatively low porosity and very in- CaO structure “loosens” at 1200 C. 
active. (2192 F.). On the other hand, von 
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a Fic. 12.—Relation between Porosity of Lime and the Time Required for the Material to Reach 
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Temperatures Represent Muffle Temperatures. 


The porosity (and activity) of quick- Adrenne, Endell and Lehman (9) report 

_ limes apparently is a function of two that the fine structure of ignited sintered 
factors. The first of these is the rate of dolomite is unchanged at temperatures 
heating prior to and during calcination. up to 1400 C. (2552 F.) but collapses 
The second factor is concerned with the at higher temperatures. The possibility 
ee ee temperature to which the exists, therefore, that excessive thermal 
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vibration caused by holding material for 
an extended time at elevated temper- 
atures may give rise to a loosened, more 
porous structure than would be formed 
at the same temperature but with lesser 
time to permit the loosening of the 
structure. 

Further investigation is necessary to 
determine which of the two factors is the 
more important. Under the experimental 
conditions used in this investigation the 
first mentioned factor, the rate of 
heating prior to and during calcination, 
appears to be the controlling factor. 


CONCLUSIONS 


1. The porosity, surface area, and 
activity of quicklimes prepared from 
calcite are closely related, high values of 
porosity are associated with high values 
of surface area and with high activity. 
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2. With equal retention times in the 
kiln, higher temperatures of burning 
produce limes with lower porosity and 
activity. This effect is more pronounced 
at short retention times. 

3. An optimum retention time which 
produces highest porosity and activity 
may be found for each burning temper- 
ature. 

4. The rate of heating before and 
during calcination has a much greater 
effect on the porosity of quicklime than 
either the maximum temperature or the 
total retention time in the kiln subse- 
quent to calcination. 


Acknowledgment: 


This paper is the result of work con- 
ducted under a fellowship sponsored by 
the National Lime Association at the 
Massachusetts Institute of Technology. 


REFERENCES 


(1) A. V. Bleininger and W. E. Emley, ‘The 
Burning Temperature of Limestones,” 
Transactions, Am. Ceramic Soc., Vol. XIII, 
p. 618 (1911). 

(2) K. W. Ray and F. C. Mathers, “Effect of 
Temperature and Time of Burning Upon the 
Properties of High-Calcium Lime,” Jndus- 
trial and Engineering Chemistry, Vol. 20, 
pp. 415-419 (1928). 

R. T. Haslam and E. C. Hermann, “Effect 
of Time and Temperature of Burning on the 
Properties of Lime,” ndustrial and Engineer- 
ing Chemistry, Vol. 18, pp. 960-963 (1926). 
E. Orton and S. V. Peppell, “Limestone 
and the Lime Industry in Ohio,” O/io Geol. 
Survey, 4th Series, Bulletin No. 4, pp. 298, 
316 (1906). 

S. Brunauer, P. H. Emmett, and E. Teller, 
“Adsorption of Gas in Multimolecular 


Layers,” Journal, Am. Chemical Soc., Vol. 
60, pp. 309-319 (1938). 

H. R. Staley and S. H. Greenfeld, “Surface 
Areas of Quicklime,” Industrial and En- 
gineering Chemistry, Vol. 41, pp. 520-522 
(1949). 

F. H. Smyth and L. H. Adams, ‘“The System, 
Calcium Oxide - Carbon Dioxide,” Journal, 
Am. Chemical Soc., Vol. 45, pp. 1167-1184 
(1923). 

K. E. Zimens, “Polymorphic Transforma- 
tion of Alkaline Earth Carbonates by the 
Emanation Method.” Naturwissenschaften, 
Vol. 25, pp. 429-431 (1937) 

M. von Adrenne, K. Endell, H. Lehman, 
“Sintering of Ceramic Raw Materials in 
the Electron Microscope,” Berichte der 
deutscher keramischen Gesellschaft, Vol. 24, 
pp. 73-88 (1943). 


| 
aS | 
Lee i- 
yn 
4 
| 
| 
ch 


Mr. Victor J. AzBe' (by letter) 


nat To the writer, calcination was the main 
item of interest for just about thirty 
years. So, he feels qualified, in a manner, 
to offer some comments, although re- 


— luctantly, being that he is not in entire 


agreement with the authors. 

As a first item, he does not believe 
a that a rotating furnace is suitable for 
calcination experiments requiring exact- 
ness, whether or not it is internally or 


externally heated. The tendency to size 


was extremely rapid, calcination period 


- segregation is too pronounced, particu- 


“aq larly when the size range is as great as in 


this case, 10 to 20 mesh, the smallest 


7 oy one eighth the weight of the largest. 


Then, even though the authors swept 


a a the furnace with an inert gas, within the 


active portion of the bed CO, concen- 


tration was likely to be high and calci- 


nation retarded, so material passing 


“fh of through was, for reasons of segregation, 
of COs, concentration and varied size, 
unequally exposed to calcining force and 


subsequent overheating. 
One important feature which offsets 


the above objections to some extent is 
that temperature was determined of the 
2) i bed within the bed. These temperatures 


were very high and much higher than 
one is likely to encounter in rotary kiln 


practice. 


Compared to a rotary kiln, preheating 


greatly prolonged and cooling very. slow. 
Time of total retention was from ? to 8 
hr. The ratio of hot zone time - total 
time was also greater. Still penetration 
rate zone of calcination was infinitesimal. 


1 President, Azbe Corp., St. Louis, Mo. 


One needs to refer to the experiments 
by C. C. Furnas of the U. S. Bureau . 
Mines who states that with limestone, 
the penetration of line of calcination is 
constant for any given surrounding tem- 
perature. His penetration rates were: 


Surrounding Tempera- 


ture, deg. Fahr...... 1590 1765 1930 2100 226 
Penetration, in. per - 
0.1 0.2 0.4 0.8 1 


It will be noted that calcination rat 
doubles for about every 170 F. of tem- 
perature rise. 

These rates are greatly more than th 
authors obtained. For part of this there 
is an explanation and we believe that 
calcination rate is more a matter of sur- 
face temperature than of surrounding 
temperature since there may be a high 
surrounding temperature attendant by 
low radiation heat transfer and surface 
conductance rate. 

However, the authors took the tem- 
perature of the bed. That is virtually the 
surface temperature of the lime, so why 
was such long retention time necessary 
for such small particle sizes. Granted 
that their bed may have been of higher 
CO, concentration but even then, if cal- 
cination had not started until 1650 F., 
it should have been complete before 
1800 F. for their shortest retention time. 

The only explanation that we see is 
that calcite was used for the stated reason 
of “purity” when it exactly should not 
have been used for reasons of “odd be- 
havior”. And even if the calcite was used, 
and it certainly deserves a study, con- 
clusions should not have been formulated 
to apply to lime generally. Nothing much 
of calcite has a bearing on lime due to its 
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calcining resistivity and long retention 
time necessary, during which the lime 
of the calcite, pure as it may be, is 
affected by time-temperature elements. 
The writer has first pointed out the pe- 
culiarity of calcite in the May 1926 issue 
of Rock Products. 

As to the authors first three conclu- 
sions given at the end of their paper, 
they have been known for a long time. 
As to the fourth, on the other hand, 
which is the only one that is novel, we 
emphatically disagree. Granted that 
there is a possibility that it would apply 
to calcite due to its resistivity to caici- 
nation and high temperatures necessary, 
it would not apply to any limestone of 
our knowledge. 

The authors say, “The rate of heating 
before and during calcination has a much 


', greater effect on the porosity of quick- 


lime than either the maximum tempera- 
ture or the total retention time in the 
kiln subsequent to calcination.” 

Our statement is that rate of heating 
before has no effect whatsoever and that 
calcination time or temperature have 
only a very minor and practically un- 
important effect because almost all calci- 
nation of limestone as such is “low- 
temperature calcination.” As long as 
there is calcination, temperature of the 
lime remains low except only for the 
small resistive fractions for which a limi- 
ted terminal temperature build up of 
short duration is necessary. 

It is this temperature build up, if un- 
necessarily long and particularly if un- 
necessarily high, that affects the lime in 
its degree of cellular consolidation, that 
is, shrinkage, hard burning, specific grav- 
ity gain or whatever one may call it, 
and attendant onto this effects on hydra- 
tion and other characteristics. 

That this is so is completely logical 
and so evident that proof can be noted 
through observation of any lime draw of 
any kiln. Further proof would hardly be 
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necessary, but to again recheck conclu- 
sions based on tests made over the many 
years past, the following was done. 

Three samples of limestone of varied 
characteristics were selected. Indiana 
porous Missouri denser “B,”’ and 
a limestone of pronounced sintering tend- 
ency “C”. These were sawed into 1 in. 
cubes and a hole drilled for the insertion 
of a thermocouple. This was done because 
in such tests we find it better not to put 
too much reliance on furnace tempera- 
ture but rather to base it more on the 
actual temperature of the specific sample 
and better yet, in the case of larger 
samples, base it on two temperatures— 
surface and center. 

Six samples, two of each, were inserted 
into a Burrell furnace which was regu- 
lated for a slow heating rate. At 1900 F. 
of sample temperature one set was re- 
moved. At 2550 F. the others were re- 
moved. Results are given below: 


| Hydration 


Sample Stone 


Consolidation, per 
cent 


n = 
> > 
= = 
2 > 
eis 


Temperature, 
deg. Fahr. 


Stow Heatinc Rate—1900 F. S 


! 
. 1—A—Indiana....|2.248 1.284) 1.23) 8.5 
. 7.64) 4.5 
jo. 3—C—Sintering. .|2.2541.42 | 7.91] 22. 
Retention Time 1500 to 1900 F. = 68 min. 


Stow Heatinc Rate—2550 F. SAMPLES 


Jo. 49.5| 15.4! 43.7 
5—B—Missouri... 2.445/1.81 |17.59| 22.0 23.1) 43.8 
139.19] 23.01 2.7] 42.3 

ime 1500 to 2550 F. = 98 min. 


. 6—C—Sinterin 
Retention 


Specific gravity of the stone and lime 
was determined through forcible immer- 
sion in mercury through the use of the 
arrangement shown in the accompanying 
Fig. 13. 

Under hydration, the temperature rise 
is given and the time in minutes at which 
it was attained. Figure 14 presents com- 
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General Procedure 


Fic. 13.—Lime Gravity Apparatus. 


. Determine weight of sample, in air. This is weight “A” ad aS 
. Set and lock pointer 2 at zero balance position and adjust platform 3 so mercury level is at gage mark on immersion 


rong 4. 
elease 2 and balance by weighting system 5. Leave weights in this position for rest of determination. 


. Place Sample 1 under prong and immerse in mercury. 


. Re t step 2 above. | = 

. Release 2 and balance by weights at 6. This is weight “B.”’ te sel ns ap i 
Snecific gravity of sample = Specific gravity of Mercury + “A” 


Temperature Rise, deg. Fahr. 


Specific gravity of mercury at 68F. (20C.) = 13.5462 
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ra Time, min. 
Fic. 14.—Hydration Characteristics of Lime. 
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plete time-temperature relation during 
hydration. 
“In the above tabulation it will be noted 
that there was but a slight difference in 
the degree of calcination between 1900 
and 2550 F. samples and that consolida- 
tion affecting hydration rate took place 
in the main above 1900 F. Lime of 
1900 F. was very active while that of 
2550 F. was quite sluggish. Maximum 
furnace temperature for 1900 was 2200 F. 
and for 2550 F. samples it was 2660 F. 
The test was repeated in a similar 
manner but at a higher heating rate with 
the following results: 


Sample Stone | 


Consolidation, per 
. Fahr. 


Gravity of Stone 
| Gravity of Lime 


deg 


Fast HEATING F. SAMPLES 


242!1.328! 4.65 ‘9.5| 24.31 43.6 
Jo. 8-B—Missouri.. .|2.444/1.558| 9.60| 4.5] 26.2, 42.5 
. 9—C—Sintering. .!2.256.1.60 18.82) 8.0! 19.6; 42.4 
Retention Time | 1500 to 1900 F. = 48 min. 


Fast HEATING Rate—2550 F. SAMPLES 


Yo. 7—A—Indiana... 


! ! 
} 2.241|1.618 22.13) 56 
No. 11—B—Missouri. .|2.444|2.0 (31.40) 35 
Yo. 12—C—Sintering . |2.262|2.373 45.1 5 
Retention Time 1500 to 2550 F. = 78 min. 


vo. 


In this case maximum furnace tem- 
perature for the 1900 F. sample was 
2330 F., and through the entire period 
it was higher than during the slow heat- 
ing rate test. It is plain to see the consoli- 
dation that took place in either of the 
tests was in the outer portions of the 
sample towards the surface subsequent 
to calcination. 

The low temperature necessary, the 
rapid penetration zone of calcination at 
the relatively very low average furnace 
temperature prevailing during calcina- 
tion period of these tests are given below, 
with penetration rates for the same tem- 
perature many times higher than those 
the authors of the paper obtained. 
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TIME-TEMPERATURE AND PENETRATION RATE 
1500 TO 1900 F. PERIOD OF SAMPLE 
TEMPERATURE. 


Slow Fast 
Heating Heating 
Elapsed time 1500 to 1900 F., min. 68 
Furnace temperature at 1900 F. cen- 

ter of sample temperature, deg. 
furnace over 

above time, deg. Fahr.. 

Total penetration, in 
Penetration per hour, in 

The authors at one point criticize the 
normal concept of relation of time of 
burning to the properties of the lime. 
They point out that their high purity 
calcite where no fluxing action was pos- 
sible also overburned. In answer to this 
one may say that there is no prevailing 
misconception and that everyone in the 
lime industry knows that any lime can 
be hard burned. But, there is a big dif- 
ference between over burning of lime 
such as ““B”’ of these tests, which is one 
of the purest in this country, and either 
“A” or “C”. The Missouri sample may 
be hard burned, highly consolidated, of 
greatly affected hydration rate, but after 
it is hydrated it will still be lime of high 
available CaO content. This will be con- 
siderably less so in the case of “A,” 
while the sintering ‘‘C,” while not ex- 
ceptionally impure, if hard burned be- 
comes useless to any chemical process, 
and in all these cases it is the overheating 
subsequent to calcination that affected 
the lime. 

The writer presented a paper before 
this Society in 1939 as part of the Lime 
Symposium.’ In all main respects con- 
clusions therein still hold good today. 

MEssrs. J. A. Murray, H.C. Fiscuer, 
AND D. W. SABEAN (euthers’ dome} — 
The differences in behavior between cal- 
cite and limestone were recognized by 
the authors. The rate of calcination dif- 
fers from that of Furnas, both because of 
a difference in raw material and because 


J. Azbe, ‘“‘Fundamental Mechanics of Calcination 
and Hydration of Lime and Methods of Control,” Sym- 
posium on Lime, p. 88, Columbus Regional Meeting, Am. 
Soc. Testing Mats. (1939). (Symposium issued on separate 
STP No. 40.) 
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of the difference in experimental tech- 
niques. In regard to the application of 
the results to commercial stones, we per- 
sonally considered this to be questionable 
until similar studies on more normal 
stones had been completed. However, we 


DISCUSSION ON QUICKLIME PREPARED FROM CALCITE 


have been informed by one lime 
ducer that he has already made a pract 
cal application of the principles outli 
in our paper, and has successfully }» 
duced a quality of lime which he 
hitherto been unable to produce. 
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EXPLORATORY TESTS TO DEVELOP A METHOD FOR DETERMINING 
THE AIR CONTENT OF HARDENED CONCRETE* 


This paper describes two methods for determining the air content of ie. 
ened concrete: (1) an absolute-volume method, which consists in pulverizing 
the concrete to a given fineness and then, making allowance for evaporable 
water and impermeable voids, computing the air content from the difference 
between the over-all volume of the concrete specimen and its absolute volume 
after pulverizing; and (2) a vacuum-saturation method in which the air con- 
tent is computed from the change in weight of a specimen due to saturation. 
The saturation of a standard-cured specimen is accomplished by first subject- 
ing the specimen to vacuum and then saturating it with water under pressure. 

Air contents as obtained by the two methods are compared to the air content 
of the corresponding fresh concrete as determined by the A.S.T.M. Tentative 
Method of Test for Air Content (Volumetric) of Freshly Mixed Concrete 
(C 173 — 42 T)?. The absolute-volume method gives lower values of air content 
than the vacuum-saturation method. Both methods appear to be of equal re- 
producibility. The vacuum-saturation method is simpler and more rapid. 
Results show that the air content of concrete decreases with age and that the 
type of agent used has an effect on this reduction in air content. 


In view of the current interest in meth- 
ods of determining the air content of 
hardened concrete,* the authors believe 
it propitious at this time to present the 
results of an investigation of this prob- 


crete to alternate cycles of freezing and 
thawing, the effective air is that which 
is present in the hardened concrete rather 
than that which is present in the fresh 
mix. Based on determination of air in 


‘lem, even though the tests were of an 
exploratory nature and somewhat limited 
in scope. 

This study lead to the development of 
_two methods: (1) an absolute-volume 
method, and (2) a vacuum-saturation 
method. 

In considering the resistance of con- 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

1 Research Engineer, Lecturer in Civil Engineering, 
and Instructor in Civil Engineering, respectively, Univer- 
sity of California, Berkel ey, 

2 1949 Book of A.S.T. Standards, Part 3, p. 810. 

* Robert P. Vellines and Thomas Ason, “A! Method for 
Determining the Air Content of Fresh and Hardened Con- 
crete,”’ Journal, Am. Concrete Inst., Vol. 20, May, 1949; 

Proceedings, Vol. 45, pp. 665-671; 6. . Verbeck, “The 
era Lucida Method fc for Measuring ir Voids in Hard- 
os Concrete,” Journal Concrete Inst., Vol. 18, 
May, 1947; Proceedings, Vol 13 43, pp. 1025-1039. 


fresh concrete, it has been found in pre- 
vious investigations that the resulting 
hardened concretes vary in resistance to 
freezing and thawing, depending on the 
air-entraining agent employed.‘ The re- 
sults of this investigation indicate that 
the air content of hardened concrete de- 
creases with age and that the rate of this 
decrease varies with the type of agent 
employed. This change in volume of air 
content is probably due to the filling of 
the capillary channels during the hydra- 
tion of the cement paste. 


4Raymond E. Davis, ‘‘Entrained Air Beneficial in 


Freezing and Thawing Tests,” Symposium on Concretes 
Containing Air-Entraining Agents, Journal, Am. Concrete 
Inst., Vol. 15, June, 1944; Proceedings, Vol. 40, p. 552. 
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MATERIALS AND SAMPLE PREPARATION Vw = volume of evaporable water, and 


Local natural sand and gravel, 0 to — —— of eee voids in 
e aggregate. 
? in., and type II portland cement were , : 
used in all mixes. Two air-entraining These various pappeeene of hardened 
agents, designated A and B, were em- concrete are shown in Fig. 1. 
ployed. The concretes were of two cement F bingy volume 
conten and aks pr cacy, fom in weight, me 
and were of like consistency as measured 


by the Powers remolding apparatus. men had been removed from standard 
curing. 


——_—_—_— The absolute solid volume Vs was 

° computed from the specific gravity of the 

-— Evaporable Water — solids in the specimen and its weight 

after oven-drying at 230 F. for 7 days, 

impermeable Voids in Aggre-~ For the specific gravity determination, 

gate the specimens were crushed and _ pul- 

_ -verized to a specific surface of 2900 sq. 

cm. per g.® 

| Volume of Solids The volume of evaporable water V» 

(Combined Water + in the concrete was obtained from the 

Cement + Aggregate) difference in weight of the specimen in 

its standard-cured condition and in its 
| oven-dry condition. 

The volume of impermeable voids in 


Per Cent 


the aggregate, V,, was computed from 
the difference between the apparent spe- 
cific gravity and the specific gravity of 
i ae the solids in the aggregate. The “‘ap- 
Fic. 1.—Constituents of Hardened Concrete. parent specific gravity” of a piece of 
aggregate is the ratio of its .oven-dry 

Specimens were 3 by 6-in. cylinders, weight, in grams, to its volume, including 
standard cured up to the age of test. its impermeable voids, in milliliters; while 
the “specific gravity” is the ratio of the 
oven-dry weight, in grams, of a piece of 
Absolute-V olume Method: aggregate to its solid volumes, in milli- 
liters, after it has been pulverized to elimi- 
nate all impermeable voids. For the ag- 
gregate used in this investigation, it was 


found that the volume Vy was so small 


Air Content of Hardened Concrete, 


DETERMINATION OF AIR CONTENT 


In this method, the air content of the 
hardened concrete was computed from 
the following formula: 


Per cent of air as to render unnecessary its inclusion in 


= 
Vacuum-Saturation Method: 
where: 


Ver = over-all volume of specimen, By this method, the air content of the 
Vs = absolute volume of solids in the hardened concrete was computed from: 
specimen (combined water plus 


5 This determination was made by the air rmeability 
cement plus aggregate), method, employing a porosity of 0.505. 
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where: 
Vr, = over-all volume of specimen, and 
V_ = volume of water gained by satu- 
rating a standard-cured specimen. 
Volume of water gained, Vg, was the 
difference in weight of a standard-cured 
specimen before and after saturation. The 
process of saturation was as follows: The 
specimen was first oven-dried and then 
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content of the hardened concrete, as 
determined by the absolute-volume 
method, is lower than that of the fresh 
concrete, while, as determined by the 
vacuum-saturation method, it is higher 
than that of the fresh concrete. The lower 
values obtained by the absolute-volume 
method may be due to the reduction of 
air voids through gel growth in the ce- 
ment paste. Since vacuum will desiccate 
the capillaries in the concrete, it is to be 
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Cement Content 5\4 Sacks per Cu. Yd 
Ase 7 Doys 
| 


Cement Content 3 Sacks per Cu. Yd 
jAge 7 Days 


2 3 4 5 6 ae . 


Air Content of Fresh Concrete as Determined by AS.T.M. Method, Per Cent 


Fic. 2.—Comparison of Air Content of Fresh and Hardened Concrete. 


placed in a pressure vessel in which a 
vacuum of 29 in. of mercury was main- 
tained for 2 days; thereafter, while ma n- 
taining vacuum, water was slowly 
introduced into the vessel until it was 
completely filled; vacuum was then dis- 
continued, and a pressure of 50 psi. was 
applied for 2 days, followed by a pressure 
of 200 psi. for an additional 6 hours. This 
procedure was employed in the belief 
that it would produce the maximum de- 
gree of saturation. 


DISCUSSION OF RESULTS 


In Fig. 2 is shown a comparisen of the 
air content of hardened concrete at age 
7 days, as determined by the two meth- 
ods, with that of fresh concrete. The air 


expected that a volume of water larger 
than that of the air voids will be neces- 
sary to saturate the specimen; the result- 
ing air content of the hardened concrete 
as determined by the vacuum-saturation 
method will therefore appear to be larger 
than that of the corresponding fresh con- 
crete. For both the 3- and the 54-sacks- 
per-cubic-yard mixes, the difference be- 
tween the air contents of the hardened 
concretes as determined by the two meth- 
ods is approximately 1 per cent. 

.The tests indicate that the air content 
of hardened concrete decreases with age. 
Figure 3 shows a typical comparison at 
the ages of 7, 14, and 28 days, for a 
54-sacks-per-cubic-yard mix, with nom- 
inal air contents of 5, 6}, and 8} per 
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cent. It is believed that this change with 
age is due to gel growth, with correspond- 
ing reduction in the size of capillaries, 
in the hardening cement paste. In gen- 
eral, the air content of hardened con- 
crete containing agent A decreases at a 
more rapid rate than that containing 
agent B, and this decrease is more rapid 
between 0 ani 14 days than between 


Nominal Air 8.5 Per Cent 


f 


Nominal Air 6.5 Per Cent 


Cement Content 5%, Socks per Cu.Yd. 
Air Content Determined by Absolute 
, Volume Method 


7 14 2! 28 
Age, Days 


Fic. 3.—Effect of Age and Agent on the Air 
Content of Hardened Concrete. 


14 and 28 days. At 28 days the compres- 
sive strength of concrete containing agent 
A was 32 per cent higher than that of 
concrete containing agent B. From pre- 
vious tests it was found that, for the 
same air content, concretes containing 
agent A were much more resistant to 
freezing and thawing than those con- 
taining agent B, although the results 
shown in Fig. 3 indicate a larger decrease 
in air content at 28 days for concretes 
containing agent A than for those con- 
taining agent B. It would appear, there- 
fore, that the resistance of concrete to 
freezing and thawing ‘epends not only 
on the air content but also on the volume 
of the capillaries, 


KLEIN, Prrtz, AND PoLIvKA 


In general there is good correlation 
between the air content of hardened and 
fresh concretes, regardless of richness of 
mix or type of agent. In making compari- 
sons, the probable error in the air-content 
determinations should be taken into con- 
sideration. In determining the air content 
of hardened concrete, the probable error, 
in percentage of air, is about 0.3, which 
is of approximately the same precision 
as is obtained with methods used to 
determine the air content of fresh con- 
crete. Thus, in a comparison of the air 
content of fresh and hardened concrete, 
the combined probable error, in percent- 
age of air, will be approximately 0.5. 


CONCLUSIONS 


In determining the air content of hard- 
ened concrete, it appears that one of the 
two methods herein described is as re- 
producib'e as the other and that the 
reproducibility of either appears to equal 
that of methods for determining the air 
content of fresh concrete. 

The vacuum-saturation method is 
simpler and more rapid, although the 
air contents obtained by this method 
appear to be slightly high. In the ab- 
solute-volume method, there are more 
opportunities for errors than in the 
vacuum-saturation method. As _ de- 
termined by the  absolute-volume 
method, air contents of hardened con- 
cretes correlate better with those of 
corresponding fresh concretes, and, as 
would be expected, are lower in the hard- 
ened concrete than in the fresh concrete. 

The air content of hardened concrete 
decreases with age, probably due to gel 
growth in the cement paste, this decrease 
being more rapid at early than at later 
ages. 
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DISCUSSION 


Mr. BRYANT MATHER.'—We have not 
endeavored to approach the question of 
the air content of hardened concrete by 
either of these methods. 

We have, however, done a considerable 
amount of work with the microscope ap- 
proach. Our difficulties in making com- 
parisons between air content of hardened 
concrete and air content of plastic con- 
crete appear to have arisen from the non- 
similarity of the actual concrete samples 
used in the two tests. 

The amount of consolidating effort 
used, the influence of specimen molds in 
causing edge effects, the differences in 
segregation of materials, and loss of water 
by bleeding in containers of different 
depths in which the concrete remains for 
different lengths of time, seemed to be 
responsible for a variable difference be- 


1 Chief, Special Investigations Branch, Concrete Re- 
ag Div., Waterways riment Station, Jackson, 


tween determinations of air content of 
plastic and hardened concrete that we 
are, as yet, unable to eliminate entirely. 
We are, therefore, not yet able to tell, 
when our results on hardened concrete 
differ from those on presumably similar 
plastic concrete, how much they indicate 
a change in air content of the concrete 
and how much they indicate original 
differences between the samples tested. 
We are inclined to think that the con- 
crete we look at in the hardened condi- 
tion has had its air content changed from 
a presumably similar sample tested in the 
plastic condition, principally by factors 
other than merely age and development 
of gel, a ‘ough they too have some in- 
fluence. My only point is to indicate 
some of the difficulties that may be 
brought into this matter from factors 
other than normal changes in the cement 
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ME THOD OF PETROGRAPHIC EXAMINATION OF AGGREGATES 
FOR CONCRETE*# 


> 


By KATHARINE MATHER? AND BRYANT MATHER? 


A detailed description uf the method for petrographic examination of aggre- 
gates for concrete as it has been developed for use by the Concrete Labora- 
tories of the Corps of Engineers is presented. The differences in procedure 
which depend upon the nature of the sample submitted and the purposes of the 
examination are described. Suggestions are made concerning the features to 
be delineated, the amount of material to be examined, and the organization 
and presentation of the results of the examination. It is hoped that the in- 
formation presented will serve to clarify the concept of what is meant by 
petrographic examination of aggregates and, perhaps, ultimately, contribute 
to greater uniformity in the making of such examinations. 


There does not appear to have been a 
previous presentation of a detailed 
outline of the method by which a quali- 
fied petrographer may apply the knowl- 
edge and techniques of geology to the 
examination of the various types and 
conditions of material that are con- 
sidered for use as aggregates for con- 
crete. There are an increasing number of 
engineering organizations that are under- 
taking the application of petrographic 
methods to the study of concrete aggre- 
gate, an increasing number of petrog- 
raphers who are being confronted with 
the need to examine concrete aggregates, 
and an increasing number of engineers 
who are called upon to evaluate petro- 
graphic data. It is therefore felt desirable 
to present a detailed statement of the 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 
1 Approved for posventetion 2 and publication by the 


Office, Chief of Engineers, U. —~* 
Head, Petrography and Chief, Special In- 
vestigations Branch, respectively, Concrete Research 


Division, Waterways. Experiment Station, Jackson, Miss. 


method for petrographic examination of 
aggregates for concrete as it has been 
developed for use by the seven concrete 
laboratories of the Corps of Engineers. 

In a previous paper® the use of petro- 
graphic methods for the identification of 
reactive constituents in concrete aggre- 
gate was discussed. The merits of petro- 
graphic examination of concrete aggre- 
gate materials and the results of such 
examinations have been dealt with in a 
number of papers, many of which are 
included in the bibliography. 

The method as set forth here repre- 
sents the most recent product of work 
begun more than a decade ago by 
Elliot P. Rexford, the first concrete 
laboratory petrographer of the Corps of 
Engineers, whose last paper‘ gives a 


+B. Mather, “Petrographic Identification of Reactive 
Constituents in Concrete Aggregates,”’ Proceedings, 
Am. Soc. Testing Mats., Vol. 48, pp. 1120-1127 (1948). 

*E. P. Rexford, “Some Factors in the Selection and 
Testing of Concrete Aggregates for Large Structures,” 
Transactions, Am. Inst. Mining and Metallurgical Engrs., 
No. 3, pp. 395-402 (1950). Publication 
283 
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MATHER ON PETROGRAPHIC EXAMINATION OF AGGREGATES 


valuable summation of his long experi- 
ence. To him and to the other petrog- 
raphers with whom the authors have 
been associated, appreciation is expressed 
for much assistance; they include: W. L. 
Donn, Rosalind Ravitch, George Town- 
send, Louis Moyd, Pauline Moyd, Jeanne 
Weiser, O. G. Alessio, N. B. Dodge, R. A. 
Dunkerley, and R. V. Tye. 

This method has been editorially 
modified from that published as CRD-C 
127-50 in the Handbook for Concrete 
and Cement issued by the Waterways 
Experiment Station. 


EXAMINATION AND CLASSIFICATION 


This method outlines the procedures 
to be employed in the petrographic 
examination of samples representative 
of materials proposed for use as aggre- 
gates in concrete. The scope of such an 
examination may be limited as in the 
case of preliminary examinations, or 
complete, as in the case of final ex- 
aminations. 


Preliminary Examination: 


The preliminary examination is de- 
signed to assist the field geologist in 
judging which of apparently suitable 
aggregate sources contain material of 
sufficiently promising quality to warrant 
further and more complete investigation. 
Such preliminary examinations should 
be used as a part of the process of 
elimination in the survey of economically 
available aggregate sources when other 
evidence is not available as a basis for 
sound initial judgment of quality. The 
value of a preliminary petrographic 
examination will be dependent largely 
upon the adequacy of the samples pro- 
vided, upon the data on the deposit 
(amount of material, predictable diffi- 
culties in working, etc.) which are 
provided with the samples, and on the 
proposed use of the material. The 
results of such an examination should 
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not be used alone as a basis for final 
acceptance of a material. 


Complete Examination: 


The complete petrographic examina- 
tion is designed to constitute an integral 
part of the comprehensive study of the 
suitability of an aggregate material for 
the use for which it is proposed. The 
value of such an examination will be 
greatly influenced by the adequacy of 
the procedures used in obtaining the 
samples which are submitted for ex- 
amination. 

The specific procedures employed in 
the petrographic examination of any 
sample of aggregate material depend to 
a large extent both on the purpose of 
the examination and on the nature of 
the sample submitted. 


Purposes: 


The purposes to be served by petro- 
graphic examination are as follows: 


(a) Properties.—The delineation of all 
physical and chemical properties that 
may be observed by petrographic means 
which bear on the quality of the materials 
for their intended use. 


(b) Classification.—The description 
and classification of materials present in 
samples of aggregate will logically in- 
clude identification of the rocks in the 
sample. Identification is usually a neces- 
sary step towards recognition of the pro- 
perties which may be expected to influ- 
ence the behavior of the materials in 
their intended use. It is not an end in 
itself. Rock of any type may perform 
well or poorly as concrete aggregate de- 
pending on the physical conditions of the 
aggregate, and on its physical and 
chemical properties as compared to the 
matrix in which it may be placed. 

The data developed by a petrographic 
examination can provide a basis for 
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tion of the results obtained from per- 
formance tests, and give information on 
factors not at present capable of being 
‘ investigated by performance tests. The 
usefulness of any petrographic examina- 
tion to the agency requesting it will de- 
pend largely on three factors: 

1. The representativeness 
samples provided. 

2. The information accompanying the 
samples, which should include the loca- 
tion, type of sampling, extent of deposit 

e. (if known), name of geologic formation 
(if known). 

3. The petrographer’s degree of under- 
standing of the information needed by 
_ the agency requesting the examination. 
It should be the responsibility of the 


of the 


i. the responsibility of the petrographer to 
understand and make use of the informa- 
_ tion available to him. This information 
will frequently include the results of 
lhe tests on the sample, chemical 
tests of potential reactivity, and freezing 


aggregates under test. 


The apparatus and supplies consist of: 


1. Diamond saw, preferably with 14-in. 
2. horizontal grinding wheel, preferably 
16 in. in diameter, 

3. polishing wheel, preferably 8 to 12 in. 
in diameter, 
_ 4, abrasives: silicon carbide grit No. 100, 
No. 240, FFF; emery such as American 
Optical Co. M-303, and M-304, 
§. prospector’s pick, 
6. microscope slides, cleai, noncorrosive, 
_ 25 by 45 mm. in size, 
7. Canada balsam, neutral, in xylol, 


8. xylol, 


9. glycol phthalate, 
10. small laboratory oven, _ 


11. plate-glass squares about 12 in. on an 
edge for thin section grinding, 

12. thin-section holder, 

13. Jones riffle sampler with pans, 

14. micro cover glasses, noncorrosive, 


square 12-18 mm., 25 mm., etc., and & 

15. Plattner mortar. q 
Specimen Examination: 

The apparatus and supplies consist of: 

1. Polarizing microscope with mechanical 
stage; low-, medium-, high-power objectives, 
objective centering devices; eyepieces of 
various powers; full- and quarter-wave com- 
pensators; quartz wedge, 

2. microscope lamps, 

3. stereoscopic microscope with paired ob- 
jectives and paired oculars to give final 
magnifications from about 6 X to about 
60 Xx, 

4. magnet, preferably alnico, or an elec- 
tromagnet, 

5. needleholder and points, 

6. dropping bottle, 60-ml. capacity, 

7. Petri culture dishes, 

8. smooth straight-pointed forceps, 

9. lens paper, 


10. immersion media,n = 1410ton = 
1.785 in steps of 0.005, + 

11. Abbé refractometer, 

12 sodium arc lamp, are 

13. zirconium arclamp, 

14. Wratten light filters, 

15. counter, 

16. photomicrographic camera and ac- 
cessories. 


Examples of the above-listed items 
are shown in Figs. 1 to 8. 


Nore.—The apparatus and supplies listed 
above and illustrated in Figs. 1 to 8 comprise 
a recommended selection. It is not intended that 
the specific items listed and illustrated must 
necessarily be provided. It is however regarded 
as essential that an adequate selection be 
provided to enable the use of all of the pro- 
cedures described in this method for the exam- 
ination of the particular . of samples that 


are to be studied. 
Samples: 


Samples for petrographic examination 
should be taken by or under the direct 


q 
_ make its needs clearly and specifically 
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supervision of a geologist familiar with terials (D 75 - 48).5 The exact location 
the requirements of aggregates for con- from which the sample was taken, the 
crete and in general following the re- geology of the site, and other pertinent 


Fic. 1.—Equipment for Examination of Samples at Low Magnifications. 


Fie. 2.—Diamond Saw. 


quirements of A.S.T.M. Methods of data should be submitted with the 
Sampling Stone Slag, Gravel, Sand, and sample. 


Stone Block for Use as Highway Ma- § 1949 Book of A. S. T. M. Standards, Part 3, p. 758. 
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Undeveloped quarries should be which is essentially normal to the 
sampled by means of cores, drilled dominant structural feature of the rock. 


Fic. 4.—Grinding Thin Section Blank on Horizontal] Lap. 


_ through the entire depth expected to be Massive material may be sampled by 
productive of sound material. Drilling “NX” cores. Thinly bedded or complex 
of such cores should be in a direction material should be represented by cores 


— 
- 
— 
Fic. 3.—Horizontal Lap for Grinding and Smoothing Sawed Surfaces of Rock. 
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Fic. 5. me Grinding of Thin Section on C€ 


Fic. 6.—Petrographic Microscope for Examination of Thin Sections or Powder Mounts, Index 
Media, Counter. 
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Fic. 8.—Photomicrographic Camera in Use Over Petrographic Microscope. 
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not less than 4 in. in diameter. There 
should be an adequate number of cores 
to cover the limits of the deposit pro- 
posed for the work under consideration. 
The entire footage of the recovered core 
should be included in the sample and 
accurate data given as to elevations, 
depths, and core losses. 

Operating quarries and operating sand 
and gravel deposiis in which stock piles 
of the material produced are available, 
should be represented by not less than 
100 Ib. or 300 pieces, whichever is larger, 
of each size of material to be examined. 
Samples from stock piles should be com- 
posed of representative portions of 
larger samples collected with due con- 
sideration given to segregation in the 
piles. 

Exposed faces of mon-producing 
quarries, where stock piles of processed 
material are not available, should be 
represented by not less than 4 lb. from 
each distinctive stratum or bed with no 
piece weighing less than 1 lb.; or by 
drilled core as described in the first 
paragraph of this section. 

Undeveloped sand and gravel deposits 
should be sampled by means of test 
pits dug to the anticipated depth of 
future economic production. Samples 
should consist of not less than the follow- 
ing quantities of material which are 
representative of the deposit: 


Quantity 
Sieve Size 
Lb. Pieces 

100 


@ Not less than one piece from each apparent type of 
rock. 


The amount of material actually 
studied in the petrographic examination 
will be determined by the nature of the 
examination to be made and the nature 
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of the material to be examined, as dis- 
cussed in the next section. 


TYPES OF MATERIAL 


As previously noted, the specific pro- 
cedures used in any petrographic ex- 
amination depend to a large extent both 
on the purpose of the examination and 
on the nature of the sample submitted. 
The procedures to be selected will be 
those which will give adequate informa- 
tion on the properties and classification 
of the materials contained in the sample 
examined. When the intended use of the 
aggregate is known, the specific methods 
used in a petrographic examination will 
depend on the type of sample and the 
complexity of the sample. The samples 
considered in this test method may be 
classified into two groups. 


Natural Gravel and Natural Sand: 


This group includes those materials 
in which the particle shape and particle 
surface of the finished graded aggregate 
result chiefly from natural processes. 


Drilled Core, Ledge Rock, Crushed Stone, 
and Manufactured Sand: 


This group includes those materials in 
which the particle shape and particle 
surface of the finished graded aggregate 
result chiefly from the manufacturing 
process. 

Methods for the examination of 
samples of the first and second groups 
will be discussed in more detail. Many 
of the procedures described for the ex- 
amination of materials of one group will 
be applicable to some samples in the 
other group. 


PROCEDURE FOR PETROGRAPHIC 
EXAMINATION OF NATURAL 
GRAVEL AND SAND 


Samples: 


Samples of gravel and natural sand 
for petrographic examination should be 


| 
| 
| 
ae | 
| 
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\ 
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sieved according to A.S.T.M. Method of 
Test for Sieve Analysis of Fine and 
_ Coarse Aggregates (C 136 — 46)® to pro- 
vide samples of each sieve size. In the 
case of sands an additional portion should 
then be sieved, without being washed 
and tested according to A.S.T.M. 
Method of Test for Amount of Material 
Finer Than No. 200 Sieve in Aggregates 
(C 117-49)’ in order to provide a 
_ sample of the material passing the No. 
200 sieve. The results of the sieve analy- 
sis of each sample made according to 
_A.S.T.M. Method of Test for Sieve 
Analysis of Fine and Coarse Aggregate 
(C 136 — 46)® should be provided to the 
petrographer making the examination 
and used in calculating results of the 
petrographic examination. Each sieve 
_ fraction should be examined separately, 
Starting with the largest size available. 
Rocks are more easily recognized in 

larger pieces; the breakdown of a hetero- 
_ geneous type present in the larger sizes 
_ may have provided particles of several 
_ apparently different types in the smaller 
sizes; some important and easily con- 
fused types may be recognizable using 
the stereoscopic microscope if they are 

first recognized and separated in the 
larger sizes, but may require examination 
using the petrographic microscope if 
they are first encountered in the smaller 
sizes. The number of particles of each 
_ sieve fraction examined will be fixed by 
the required precision of determination 
of the less abundant constituents.* It 
is believed that at least 300 particles of 
* 1949 Book of A.S.T.M. Standards, Part 3, p. 763. 
7 Ibid, p. 748. 
* Assuming that the field sampling and laboratory 
sampling procedures are accurate and reliable, the number 
of particles examined, identified, and counted in each sieve 
fraction will depend on the required accuracy of the esti- 
mate of constituents present in small quantities. The 
numbers givenin this method are minimal. They are based 
on experience and on statistical considerations iocamell in 
the following two references: 
G. G. Simpson and A. Rowe, “Quantitative Zoology,” 
McGraw-Hill Co., Inc., New York, N. Y., pp. 182-185 
1939). 
A. L. Dryden, Jr., “‘Accuracy in Percentage Represen- 
tation of Heavy Mineral Frequencies’ Proceedings, Nat. 


Academy Sciences U. S., Vol. 17, No. 5, May, 1931, pp. 
233-238. 


1296 MATHER ON PETROGRAPHIC EXAMINATION OF AGGREGATES 


each sieve fraction should be identified 
and counted in order to obtain reliable 
results. Precise determinations of small 
quantities of an important constituent 
will require counts of larger samples. 


Examination of Natural Gravel: 


Coatings.—The pebbles should be ex- 
amined to establish whether exterior 
coatings.are present. If they are, it 
should be determined whether the coat- 
ings consist of materials likely to be 
deleterious in concrete (opal, gypsum, 
easily soluble salts, organic matter). 
It should also be determined how firmly 
the coatings are bonded to the pebbles. 


Rock Types.—The sieve fraction should 
be sorted into rock types by visual exami- 
nation. If all or most of the groups 
present are types easily identifiable in 
hand specimen by examination of a nat- 
ural or broken surface, and by scratch 
and acid tests, no further identification 
may be needed. Fine-grained rocks which 
cannot be identified megascopically or 
which may consist of or contain con- 
stituents known to be deleterious in con- 
crete should be checked by examination 
with the stereoscopic microscope. If they 
cannot be identified by that means, they 
should be examined using the petro- 
graphic microscope. The amount of work 
done in identifying fine-grained rocks 
should be adapted to the information 
needed about the particular sample. 
Careful examination of one size of a 
sample, or information from previous 
examination of samples from the same 
source, will usually make apparent the 
amount of additional detailed micro- 
scopic work required to obtain infor- 
mation adequate for the purpose. 

Condilion.—The separated groups be- 
longing to each rock type should be ex- 
amined to determine whether a further 
separation by physical condition is nec- 
essary. If all of the particles of a rock 


type are in a comparable condition, that 
fact is noted. More frequently particles 
in several degrees of weathering will be 
found in a group. They should be sorted 
into categories based on condition and 
on the expectation of comparable be- 
havior in concrete. The types of cate- 
gories intended are: (a) Fresh, dense; 
(6) moderately weathered; (c) very 
weathered: or (a) Dense; (b) porous (or 
porous and friable). It is usually im- 
practical to recognize more than three 
conditions per rock type, and one or two 
may be sufficient. An important con- 
stituent present in large quantities may 
sometimes require separation into four 
groups by condition. The conspicuous 
example is chert when it is the major 
constituent of a gravel sample. It may 
be present as dense, unfractured chert; 
as vuggy chert; as porous chert; and as 
dense but highly fractured chert. The 
determination of which of these four 


conditions characterizes a particle may ’ 


be expected to have an important in- 
fluence on prediction of the behavior of 
the particle in concrete. 

Sequence of Examination of Sizes.— 
Examination of the largest size usually 
indicates the major groups of con- 
stituents in a gravel and the principal 
considerations which are likely to affect 
the suitability of the aggregate for the 
intended use. The other sieve fractions 
should then be examined in order of 
diminishing size, separated into rock 
types, and counted. As new groups 
appear, they should be identified and 
counted. Changes in the condition of 
each group from sieve fraction to sieve 
fraction should be recorded. Ordinarily 
it will not be necessary to examine in 
detail the material passing the No. 4 
sieve in a gravel sample, unless it 
amounts to more than 5 per cent of the 
nominal No. 4 to ?-in. size range, or 
unless inspection suggests that it con- 
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pected to have an important effect on 
the suitability of the aggregate for the 
intended use. 

Record.—Notes should be taken dur- 
ing the examination. Each rock-type 
should be described; the relevant fea- 
tures may include: 

1. Particle shape, 

2. particle surface, 

3. grain size, 

4. texture and structure, including 
observations of pore space, packing of 
grains, cementation of grains, 

5. color, 

6. mineral composition, 

7. significant heterogeneities, 

8. general physical condition of the 
rock-type in the sample, and 

9. presence of constituents known to 
cause deleterious chemical reaction in 
concrete. 

Particle counts should be recorded so 
that tables can be made for inclusion in 
the report. When the examination has 
been completed, the notes should con- 
tain enough information to permit the 
preparation of tables and descriptions. 
Tables should be prepared showing the 
composition and condition of the samples 
by sieve fractions, and the weighted 
average composition, based on the grada- 
tion of the sample as received and on the 
distribution of constituents by sieve 
fractions. 
groups should be prepared containing 
the. relevant features among those listed 
in the preceding paragraph. A 


Examination of Natural Sand: = 


The procedure for the examination of 
natural sand is similar to that for the 
examination of gravel, with the modifica- 
tions necessitated by the differences in 
particle size. 

Sizes Coarser than No. 30.—Each sieve 
fraction present that is coarser than 
the No. 30 sieve should be reduced in 


; _the Jones riffle until a split or splits 


Descriptions of constituent — 
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containing at least 300 particles are 
obtained. The reduced sample of each 
sieve fraction should be examined, 

and its constituents identified, and 
counted using the stereoscopic micro- 
scope. It is convenient to spread out the 
sample in a flat-bottomed glass dish such 

as a Petri dish and manipulate the grains 

with a forceps and dissecting needle. 

The identification of grains in the coarser 

sand sizes is often easier when the grains 

are just submerged in water. The sub- 
mergence lessens reflection from the 
outer surfaces and may show diagnostic 
features which cannot be seen when the 
grains are dry. There are exceptions to 

this generalization. Where identification 

is difficult, the examination includes 
examination of the natural surface (dry 

and wet), examination of a broken sur- 

face (dry and wet), and scratch and acid 
tests. Only after all of these steps have 

been taken and the grain is still unidenti- 

fied should the petrographer resort to 

the petrographic microscope. Grains 
which cannot be identified using the 
stereoscopic microscope or which are 
suspected of consisting of or containing 
substances known to react deleteriously 

in concrete should be set aside to be ex- 
amined with the petrographic micro- 
scope. If the question of reaction with 

the minor alkalies of portland cement is 
important in the examination of the 
sample, certain additions to the pro- 
cedure are indicated. If the coarser sand 

sizes contain fine-grained possibly glassy 
igneous rocks, several typical particles 
of each variety of such rocks should be 
selected for more thorough examination. 
The petrographer should determine the 
presence or absence of glass by crushing 
typical grains and examining them in 
immersion media using the petrographic 
microscope. In difficult or especially 
_ important cases, it may be necessary to 
break suspected grains, make immersion 
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mounts of part of the grain and a thin 
section of another part. Where the sand 
contains chert and the potential re- 
activity of the chert is an important con- 
sideration, a number of chert particles 
from the fractions retained on the No. 30 
sieve should be set aside for determina- 
tions of the index of refraction. 

Sizes Finer than No. 30.—The sieve 
fractions finer than the No. 30 sieve 
should each be reduced in a Jones 
riffle to about 4 or 5 g. The volume will 
usually be less than a level teaspoonful. 
In some gradations the fractions re- 
tained on the No. 100 and No. 200 
sieves may be present in such small 
amounts that reduction is unnecessary. 
These splits should be further reduced on 
a miniature Jones riffle or by coning 
and quartering with a spatula on a clean 
sheet of paper. A representative portion 
of each reduced split should be mounted 
in immersion oil on a clean glass slide 
and covered with a clean cover glass. 
No entirely satisfactory method of re- 
ducing a split to about 300 grains is 
known. The reduced split can be sampled 
by spreading it in a thin layer on glass 
or clean paper, dragging the end of a 
dissecting needle moistened in immersion 
oil through the sample, and transferring 
the grains that adhere to the needle to 
a drop of immersion oil on a clean slide. 
If this is done carefully, a fairly repre- 
sentative sample will be obtained. If 
the dissecting needle is magnetized steel, 
a concentration of magnetic minerals 
may result. It is usually necessary to 
make several mounts of the No. 50 and 
No. 100 sieve fractions to obtain at 
least 300 grains of each. The index of 
the immersion oil should be selected to 
make the identification of the important 
constituents as easy and as definite as 
possible. Practice at the Waterways Ex- 
periment Station is to use an immersion 
oil with an index of or just below the 


| 


lower index of quartz (1.544). The slide 
should be mounted on a petrographic 
microscope equipped with a mechanical 
stage. Several traverses should be made, 
and each grain which passes under the 
cross hair should be identified and 
counted. Care should be taken to move 
the slide on the north-south adjustment 
between traverses so that no grain should 
becounted twice. Each sieve fraction pass- 
ing the No. 30 and retained on the No. 200 
sieve should be examined in this way. 
Ordinarily, the material passing the No. 
200 sieve is mounted on a slide following 
the procedure described above, examined 
using the petrographic microscope, and 
its composition estimated. If an un- 
usually large amount of this size is pres- 
ent, or if it contains constituents which 
may be expected to have an important 
effect on the suitability of the aggregate 
for the intended use, it should be counted. 


PROCEDURE FOR PETROGRAPHIC EXAMI- 
NATION OF DRILLED CorRE, LEDGE 
Rock, STONE, AND 
MANUFACTURED SAND 


Drilled Core: 


Each core should be examined and a 
log prepared showing footage of core 
recovered, core loss and location; loca- 
tion and spacing of fractures and parting 
planes; lithologic type or types; alterna- 
tion of types; physical condition and 
variations in condition; toughness, hard- 
ness, coherence; obvious porosity; grain 
size, texture, variations in grain size 
and texture; type or types of breakage; 
presence of constituents capable of dele- 
terious reaction in concrete. If the size 
of the core permits, the probability that 
the rock will make aggregate of the re- 
quired maximum size should be con- 
sidered. If the surface of the core being 
examined is wetted it is usually easier 
to recognize significant features and 
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changes in lithology. Most of the in- 
formation usually required can be ob- 
tained by careful visual examination, 
scratch and acid tests, and hitting the 
core with a hammer. In the case of fine- 
grained rocks, it may be necessary to 
examine parts of the core using the 
stereoscopic microscope, or to prepare 
thin sections of selected portions. Some 
considerations and procedures are more 
applicable to particular rock-types than 
to others. Ordinarily, the layered rocks 
considered for concrete aggregate will 
be limesione, and occasionally meta- 
morphic rocks, such as phyllite or schist. 
One of the most important questions 
arising in the examination of limestone is 
that of the presence, type, and distribu- 
tion of argillaceous impurities. Lime- 
stones which contain intercalated thin 
beds of soft shale may make suitable 
sources of aggregate if the shale is so 
distributed that it does not prevent man- 
ufacture of the required maximum size, 
and if the shale can be eliminated or 
reduced in processing. Where argillaceous 
impurities are present, it should be de- 
termined whether they actually consist 
of clay minerals or of other minerals in 
clay sizes. If they do consist of clay 
minerals, it should be established whether 
the clay minerals include members of 
the montmorillonite group (swelling 
clays).° In the examination of fine- 
grained igneous rocks, particular atten- 
tion should be directed to the nature of 
the groundmass. This examination should 
include determination of the presence or 
absence of opal, chalcedony, natural 
glass and clay minerals of the mont- 
morillonite group; if any of these are 
found the amount should be estimated; 
if natural glass is found the type should 


be determined. 
9G. F. lin, ‘Usefulness of Petrology in the 


Selection of Limestone,”’ Rock Products, Vol. 31, No. 6, 
March 17, 1928, pp. 50-59. 
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Ledge Rock: 


The procedure in examination should 
be the same as for core samples to the 
extent that the spacing of samples and 
size of the individual pieces allow. If the 
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Crushed Stone: 


The procedure for examination of 
crushed stone should be similar to that 


for core, except that necessary quantita- 


TABLE I.—-CALCULATION OF RESULTS OF PARTICLE COUNTS. 


Composition of Fractions Retained on Sieves Shown Below 


%-in. 


Num- 
ber of 
Par- 


Per 
Cent 


585 


‘po Caco ooo 


BBs 


coo COSCO 


ONO 


32.6 


8 


100 
| 20.5 


29.5 


Weighted Percentages of Constituents in Each 


Sieve Fraction 


\-in. 


%-in. 


BUA 


oo 


ans 


13.3 
in| 31.8 (Total B) 


2.5 
a3} 3.6 (Total C) 
0.2 


Total in sieve 


frac- | 


Total in sample, condition 1 
Total in sample, condition 2 
Total in sample, condition 3 


sample consists of a relatively large 
quantity of broken stone produced by 


blasting, it is desirable to inspect the 
whole sample, estimate the relative 


present, and sample each type before 
further processing. Subsequent pro- 
cedure should be the same as given below 
for crushed stone. 


tive data should be obtained by particle 
counts of the separated sieve fractions 


Manufactured Sand: 


If no samples of the rock from which 
the sand was produced are available, 
the examination procedure should be 
similar to that for natural sand, with 
particular emphasis on the amount and 


all 
: 
Par- | Cent | Par- | Cc Par- | Cent 
ticles ticles | ticles 
Totals..............| 500 | 100 500 | 500 | i 
Individual per cent re- 
Weighted Composition 
= 
%-in. No. 4 
1.7 19:7} 64.6 (Total A) 
2.6 3.6 
rims 17.4 29.5 20.5 


= 
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extent of fracturing developed by the 
milling operations. 


CALCULATIONS 


The composition of each sieve fraction 
of a heterogeneous sample and the 
weighted average composition of the 
whole sample should be calculated as 
follows: 

1. The composition of each sieve frac- 
tion shall be expressed by summing the 
total number of particles of that fraction 
counted, and calculating each constituent 
in each condition as a percentageof that 
total (amount, as number of particles in 
per cent, in each sieve fraction). It is 
convenient to calculate and record the 
percentages to tenths at this stage. An 
example of these calculations is given 
in the upper half of Table I. 

2. The percentage by weight of the 
sieve fraction in the whole sample (indi- 
vidual percentages retained on consecu- 
tive sieves) shall be obtained from the 
gradation of the sample as determined by 
A.S.T.M. Method (C 136-46).° (Indi- 
vidual per cent retained on sieve in 
Table I.) 

3. By multiplying the percentage of 
the constituent in the sieve fraction, de- 
termined under (J), by the percentage 
of the sieve fraction in the whole sample, 
obtained in (2), the percentage in the 
whole sample of that constituent in that 
size shall be obtained (weighted per- 
centage of constituents in sieve fraction, 
Table I). It is convenient to calculate 
and record these percentages to tenths. 

4. By adding the weighted percentages 
of each constituent in each sieve fraction, 
the weighted percentage of each con- 
stituent in the whole sample shall be 
obtained (see under weighted composi- 
tion of sample in Table I). 

5. A table shall be constructed to 
show the composition of each sieve frac- 
tion and the weighted composition of the 

whole sample. Values shall be reported 


to the nearest whole number. Constit- 
uents amounting to 0.5 per cent or less 
of a sieve fraction or of the whole sample | 
shall be reported as traces. Table II — 
is an example constructed from the data 
obtained in Table I. As a convention, 
the total in each sieve fraction and the 
total in the whole sample shall each be 
100 per cent without the traces. Difficul- 
ties in abiding by this convention can 
usually be avoided by grouping minor 
constituénts of little engineering im- 
portance. It is preferable to tabulate 


TABLE II.—COMPOSITION AND CONDITION OF AN © 
AGGREGATE SAMPLE (TABLE CONSTRUCTED 
FROM CALCULATIONS SHOWN IN TABLE I). 


Amount, as number of particles in per cent 


In Fractions Re- | 


tained on Sieves In Whole Sample’ 


Constitu- Shown Below? | 
\Con- \Con- |Con- 
% | % | % |No.| di- | di- | di- | To- 
in. | in. | in. | 4 | tion - | tion | tals 
62 70; 70) SO 33 | 20 12 | 65 
37 | 25) 43 13| 8 | 32 
REPELS RS 1 1 5 7 2 1 tr 3 
Total. ..| 100 | 100} 100| .. | .. | .. | 100 
Weighted average, condition 1... 48 apy. 
Weighted average, condition 2....|.... | 32 


Weighted average, condition 3....|.... ie 


2 Based on count of 500 particles in each sieve fraction. © 

> Based on gradation of the sample as received, and on 
the distribution of constituents by sieve fractions shown at 
the left above. (If the petrographic report forms part of a 
complete investigation of the sample, including a report of 
the gradation, the gradation need not be shown. If the y 
petrographic report is to be submitted alone, the grada~- 
tion of the sample should be included with it.) ; : 


constituents known to react deleteriously ae =| 
in concrete so that their distribution will __ | 
be apparent from inspection of the table, 
even though the amount in the whole _ 


sample or in any fraction is very small. 
REPORT 


The report of the petrographic ex- 
amination should consist of two principal 
parts, the summary and the detailed 
report as indicated in Appendix A. The 


summary report customarily consists of 
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spectively, the essential data needed to 
identify the sample as to source and 
proposed use, and the features of the 
material as revealed by the examination. 
The complete report records the test 
procedures employed, the data developed 
on the composition of the material, and 
a description of the nature and features 
of each important constituent of the 
sample, accompanied by such tables and 
photographs as may be required to pre- 
sent adequately the findings of the ex- 
amination. 

Since it is improbable that the engineer 
who must make the ultimate decision as 
to the suitability of a material for use 
as concrete aggregate will be a geologist 
or petrographer, it is highly desirable 
that the terminology used in the sum- 
mary report be simplified to the greatest 
extent compatible with an adequate pres- 
entation of the data. A list of rock and 
minerals names is given in Appendix B. 
It is suggested that insofar as practicable 
the terms used in summary reports be 
those included in this list. 


1 
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The petrographic report should be a 
statement of the findings of the ex- 
amination. When the sample has been 
found to possess properties or con- 
stituents which are known to have 
specific unfavorable effects in concrete 
those properties or constituents should 
be described qualitatively and, to the 
extent practicable, quantitatively. The 
unfavorable effects that may be expected 
to ensue in concrete should be men- 
tioned also. When appropriate, it should 
be stated that a given sample was not 
found to contain any undesirable fea- 
tures. The report should not, however, 
contain a general statement of opinion 
by the petrographer concerning the 
quality of the material. The petrographer 
should avoid such general statements of 
opinion since they are subjective and 
therefore not properly a part of a report 
of objective findings, and since they can 
properly be made only when data on 
different materials can be compared in 
connection with the requirements for a 
specific use. 
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APPENDIX A 


PETROGRAPHIC REPORT—SUMMARY 


PROJECT: 
McNary Dam 


SYMBOL: 
PORT-3 6088 


DATE REPORT SUBMITTED: 
April 15, 1948 


INITIALS: 
KM 


SERIAL NO.: 


PORT-3 G-1, S-1... Jones-Scott Pit, Oregon Shore 


SOURCE: G-1, Berrian Island, Washington Shore. S-1, 50 per cent Berrian Island, 50 per cent 


Sample: 


On February 17, 1948, two samples, one 
consisting of 3 bags of natural gravel, and 
the other of 3 bags of sand, were received. 
Information accompanying the samples 
stated that the source of the gravel was 
Berrian Island, Washington Shore, and the 
sources of the sand were 50 per cent Berrian 
Island, Washington Shore, and 50 per cent 
Jones-Scott Pit, Oregon Shore. CRD Serial 
No. PORT-3 G-1 was assigned to the gravel 
and CRD Serial No. PORT-3 S-1 to the 


sand. 
Summary: 


Petrographic examination has been made 
of samples of natural gravel of 1-in. maxi- 
mum size from Berrian Island, Washington 
Shore (PORT-3 G-1) and of sand produced 
by combining material from Berrian Island, 
Washington Shore with that from the Jones- 
Scott Pit, Oregon Shore (PORT-3 S-1). The 
coarse aggregate is tough dark rounded 


PETROGRAPHIC REPORT—DETAILED PETROGRAPHY 


gravel consisting principally of basalt, with 
andesite, rhyolite, quartzite, quartz, chert, 
granite, and gabbro. The fine aggregate is 
composed of similar rocks and of the minerals 
derived from them: basalt, feldspar, quartz, 
ferromagnesian minerals, ore and accessory 
minerals, and clay. About 5 per cent of the 
coarse aggregate consists of rhyolite and 
andesite containing acid and intermediate 
natural glass and rhyolite containing tri- 
dymite; about 20 per cent of the coarse 
aggregate consists of basalt containing inter- 
mediate natural glass, with a minor amount 
of basalt containing basic natural glass. 
Some of the particles of glassy basalt also 
contain small amounts of secondary chal- 
cedony and opal. Approximately 27 per cent 
of the fine aggregate consists of basalt, 
andesite, and rhyolite containing interme- 
diate or acid glass, particles of natural glass, 
and chalcedony. Acid and intermediate natu- 
ral glass, tridymite, chalcedony, and opal 
have all been shown to be reactive with the 
minor alkalies of portland cement. 


SYMBOL: PROJECT: DATE REPORT SUBMITTED: INITIALS: 
PORT-3 6088 McNary Dam April 15, 1948 | KM 

SERIAL NO: SOURCE: G-1, Berrian Island, Washington Shore. S-1, 50 per cent Berrian Island, 50 per cent 
PORT-3 G-1, S-1.... Jones-Scott Pit, Oregon Shore 


Test Procedure: 


Representative portions of each sieve frac- 
tion of the gravel were examined and sorted 
megascopically and with the stereoscopic 
microscope. Forty-five thin sections were 
prepared and studied using the petrographic 
microscope. A large number of powders were 
examined using the petrographic microscope, 


to determine the mineral composition of par- 
ticles and to determine the index of refrac- 
tion of natural glass detected in the thin 
sections. Several photographs were taken. 
Representative portions of each sieve frac- 
tion of the sand were examined and sorted 


a, 
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Fic. 9.—Basalt Pebble from Berrian Island, Washington Shore (Port-3 G-1). 


Photomicrograph of glassy vesicular basalt (X 450, crossed aieslah, showing vesicle filled with chalcedony at cen- 
_ ter. Much of the dark gray groundmass is somewhat devitrified natural glass. 


a omposition: approximately 5 per cent of the sample. 


a The coarse aggregate is dark rounded Almost all of the gravel is dense, tough, and 


natural gravel, composed principally of fine- unweathered. The sand is more weathered 
grained volcanic rocks with some quartzite, than the gravel, and many of the basalt 
; ce chert, quartz, mylonite, granite, and gabbro. particles are partially coated with clay. 


‘The sand is composed of fragments of similar 
8 TABLE IV.—COMPOSITION OF SAND PROPOSED 
_ rocks and of the mine als derived from them. FOR USE IN McNARY DAM (PORT-3 S-1). 


Amount as number of particles 


7 and the sand is basalt. About half of the ; in per cent® 
= pebbles in the gravel contains natural : - 
glass; a few contain chalcedony or opal. Constituents 


Rhyolite and andesite containing glass and 
INO. | NO. NO. 0. oO. 


8 | 16 | 30 | 50 | 200 


POSED FOR USE IN McNARY DAM “ea 7 cha 


(PORT-3 G-1). 


as number 
Constituents of particles 


in per cent F erromagnesian min- 


erals am- 
olivine, 


Volcanic rocks without glass: ca). 
(Basalt, andesite, rhyolite and rhyolite Miscellaneous (Sedi- 
porphyry) 50 ments; clay; ore 
Volcanic rocks with glass or tridymite: and : Seep min- 
Basalt containing glass 20 erals). aA 6) 5) 7 12 
Miscellaneous: - 
(Granite, gabbro, quartzite, mylonite, @ Based on the examination of 500 particles in each 
) sieve fraction. 
> Based on grading of the sand as received, and on the 
distribution of Sonstbauae by sieve fractions shown at 
the left above. 
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The composition of the gravel and the sand 
is shown in Tables ITI and IV, and the con- 
stituents are described below. 


Volcanic Rocks Without Glass: 


A wide variety of types are included here; 
the pebbles range from acid types such as 
rhyolite, rhyolite and quartz porphyry, 
through andesite to basic types, principally 
basalt. 

Rhyolite and rhyolite porphyry.—The par- 
ticles in this group are rounded, usually pale 
in color, smooth, and hard. Most are buff, 
light gray, or white on freshly broken sur- 
faces. Almost all have porphyritic texture 
with phenocrysts of quartz, orthoclase, or 
acid plagioclase in a fine-grained ground- 
mass. In many, the groundmass consists 
largely of spherulites of radially crystallized 
feldspar and quartz; in others, the ground- 
mass consists of a granophyric intergrowth 
of feldspar and quartz. All of the particles 
in this group are completely crystalline, and 
almost all are dense and tough. 

Andesite and altered andesite-—Most of the 
pebbles in this group are rounded, greenish- 
gray, fine-grained, and dense. Some of them 
are porphyritic, with phenocrysts of inter- 
mediate plagioclase or of augite in a ground- 
mass composed of microlites of plagioclase. 
The groundmass in some is felted; in others, 
the feldspar microlites show parallel orienta- 
tion and flow structure. Several of the peb- 
bles in this group are altered andesites, in 
which the original ferromagnesian minerals 
have been replaced by minerals of the chlo- 
rite group. All the particles in this class are 
completely crystalline, and almost all are 
dense and tough. 

Basalt.—Approximately 20 per cent of the 
gravel consists of rounded pebbles of tough 
dark green, gray, or black basalt. The major- 
ity of the crystalline basalts studied in thin 
section are composed of laths of calcic plagio- 
clase with interstitial pyroxene and ore min- 
erals. A minority contain olivine as well as 
pyroxene. Some contain large quantities of 
interstitial ore minerals which make the 
groundmass entirely opaque and raise the 
specific gravity of the particles. 


Volcanic Rocks With Glass or Tridymite: 


This group includes pebbles of light- 


colored rhyolite, greenish andesite, and dark, 
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sometimes vesicular, basalt. All of them 
contain materials which are known to be re- 
active with the minor alkalies of portland 
cement. 

Rhyolite and andesite-—The rhyolite and 
and andesite are generally similar to those 
described in the paragraph above, but con- 
tain interstitial natural glass of intermediate 
or acid composition. In one thin section of a 
rhyolite, sparse phenocrysts of orthoclase 
and sodic plagioclase were scattered in a 
spherulitic groundmass containing small 
crystals of tridymite. 

Basalt.—The basalt particles which con- 
tain natural glass are gray, dark green, or 
black. Some contain phenocrysts which can 
be seen with the naked eye; others are appar- 
ently structureless and break with con- 
choidal fracture. Some are vesicular, with 
the rims of the vesicles bleached; in a few 
the vesicles have been filled with hisingerite, 
chalcedony (Fig. 9), opal, or clay minerals 
of the montmorillonite group. The crystalline 
constituents of these pebbles are the same 
as those of the basalt without glass, but the 
crystals are generally smaller, and the 
groundmass is made up of glass (Fig. 10(a)) 
or contains patches of glass (Fig. 10()). 
The glass varies in color from pale yellow 
through tan and brown to black. It is be- 
lieved that the dark color is due to minute 
diffused particles of opaque ore minerals. 
Almost all of the natural glass in the basalt 
pebbles has indices of refraction below 1.57; 
in a few particles glass of index above 1.57* 
was detected. 

A wide variety of rock and mineral frag- 
ments amount to approximately 25 per cent 
of the gravel and 7 per cent of the sand. 
In the coarse aggregate, tough fresh quartz- 
ite particles are the most abundant constitu- 
ent of this group. Quartz is a consistent 
minor constituent of the coarse and the fine 
aggregate. Chert composed of microcrystal- 
line quartz is present in the gravel. Minor 
amounts of chalcedony were found in the 
sand. Pebbles of mylonite, granite, and gab- 
bro are present in the coarse aggregate. In 
the sand, quartzite particles, clay, calcite, 
ore minerals, and accessory minerals such as 
zircon were assigned to this group. 


‘ 


1. Igneous Rocks 1. Syenite 

2. Volcanic Rocks 2. Pegmatite 
3. Basic Igneous Rocks _ 3. Gabbro-diorite 
4. Acid Igneous Rocks ss, Amphibolite 
5. Basic Volcanic Rocks 5. Diabase 

6. Acid Volcanic Rocks 6. Serpentine 
7. Glassy Voleanic Rocks 7. Dacite 

8. Porphyry 

9. Metamorphic Rocks &. (-) porphyry 
10. Sedimentary Rocks 9. Glassy (-) 
11. Carbonate Rocks 10. Gneissic (-) 


Major Rock Types: 
1. Granite 
2. Granodiorite 
Diorite 


11. Argillaceous limestone 
Arenaceous limestone 
13, Cherty limestone 
14. Shaly limestone 
15. Oolitic limestone 
16. Siliceous limestone 
17. Magnesian limestone 
18. Dolomitic limestone 
19. Lithographic limestone 
20. Chalk 
21. Mudstone 
11, Marble 22. Argillite 
12. Quartzite 23, Phyllite 

Calcareous sandstone 
26. Arkose 
27. Arkosic quartzite 


. Rhyolite 

Felsite 
. Pumice eo © 


9. Gneiss 
10. Schist 


13. Limestone 

14. Shale 

15. Slate 

16. Siltstone 

tt Chert 
18. Sandstone 


Graywacke 
20. Conglomerate 


28. Coal 
29. Lignite 


30. Clay-ironstone 


Group Terms: 8. Mica cher 
Accessory minerals 9. Limonite ol 
10. Wad Gey 


11. Amphibole 
12. Pyroxene - 
13. Zeolite 7 
14. Sulfides 


. Secondary minerals 
. Ferromagnesian minerals 
. Volcanic glass (a rock constituent but not 
a mineral) 


1 
: 2. Carbonate minerals 
J 3. Clay minerals 

4 

5 

6 


7. Feldspar Major Minerals (and Rock Components): 

The terms given in this list have been used in petro- 1. Quartz 
graphic reports issued by the Concrete Research Division, 2. Chalcedony (a mixture of a mineral and a 
Waterways Experiment Station, or occur in published lit- 
erature on concrete aggregates. mineraloid) 
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. Opal (a mineraloid) 
. Tridymite 
. Cristobalite 
Feldspar 
Orthoclase 
Plagioclase 
Microcline 
Pyroxene 
.  Augite 
Amphibole 
Hornblende 
Mica 
Muscovite 
Biotite 
. Chlorite 
. Calcite 
. Dolomite 
. Pyrite 
. Hematite 
. Magnetite 
. Gypsum 
. Kaolin 
Volcanic Glass (not a mineral) 
Acid Volcanic Glass 
Basic Volcanic Glass 
Intermediate Volcanic Glass 
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. Sphalerite 

. Chalcopyrite 
. Analcite 

. Natrolite 

. Laumontite 
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. Olivine 
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. Beidellite 

Halloysite 
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Mr. H. S. Metssner.'—I should like 
to’ make a few comments in regard to 
allowing the petrographer to state his 
general opinion on the quality of the ma- 
terial. It has been my observation of the 
work of petrographers in the Bureau of 
Reclamation that, when they are skilled 


observing the performance of aggregates 
in concrete under freezing and thawing 
and other durability tests, they then can 
predict very well what might be the per- 

_ formance of a new, unfamiliar aggregate. 
Time and time again I have been im- 
pressed with their ability to predict what 

- will happen, let us say, in the sodium- 


wD sulfate test, or even in freezing and thaw- 


ing. Of course, I do not believe that I 
should extend such confidence to one 
_ who has not had a great deal of experi- 


Mr. Bryant MATHER (author).—Our 
- petrographers likewise have an extremely 

good record for their predictions concern- 
ing the behavior of materials which they 
have examined, but which have not yet 
_ been subjected to the laboratory freezing 
and thawing, magnesium-sulfate, or other 
tests. In our organization such predic- 
tions are regularly made. The point that 
_I was trying to make earlier however, 


1 Research Engineer, U. S. Bureau of Reclamation, 
Denver, Colo. 
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had to do with opinions as to the swuita- 
bility of a material for use in field con- 
struction. We have gotten our fingers 
burned a little in connection with the 
examination of materials from regions 
with which we were unfamiliar. In such 
cases we have tended sometimes to jump 
to the conclusion that none of the samples 
submitted is fit for use in concrete. Well, 
they should not be, if there were better 
materials available, or if the structures to 
be built were such that they could not be 
repaired, or if the exposure were different. 
The petrographers have occasionally 
gone on record, informally, as to the en- 
tire unsuitability of a given material, 
which was subsequently used in the work 
with satisfactory results. The reverse is 
likewise true. After working for some 
time with materials of generally inferior 
quality, they then come across something 
that is a little better and it looks wonder- 
ful, but it comes from a region where 
there is lots of good material, so we do 
not use it. Since materials that are re- 
garded by the petrographer as inferior 
often must be used when no better ma- 
terials are economically available, and 
since certain materials of good quality 
often are not used because they are not 
available in sufficient quantity, are lo- 
cated at too great a distance, or because 
even better materials are available; it is 
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my feeling that remarks about suitability 
for field use should be left out of formal 
petrographic reports. I do believe how- 
ever, that a petrographer should give his 
speculations and predictions the fullest 
expression within the organization in 
which he works; the making and confirm- 
ing of such predictions will add to the 
confidence of the petrographer and to his 
worth to the organization. 

Mr. C. H. Scuorer.*—I should like 
to ask how fast a man can work. That is, 
if there are 300 particles of various types, 
quite a problem is entailed in making a 
study. How soon can they get results to 
the engineer? 

Mr. MatuHeER.—I believe it is brought 
out in the paper that we contemplate 
two major types of petrographic exami- 
nation, a preliminary examination and a 
complete examination. We have made 
preliminary examinations while the engi- 
neer has held the ’phone. The precision 
of the quantitative information, if any, 
provided by such an examination is quite 
low. You can do any amount of work, 
depending merely upon time and funds, 
on any sample. 


2?Head, Dept. of Applied Mechanics, Kansas State 
College, Manhattan, Kans. 
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We feel that for a complete examina- 
tion of an aggregate to be used in impor- 
tant work, the precision of the quantita- 
tive results requires the examination of 
the quantities of material indicated. 

Specifically, the time required to sort 
out 300 particles varies with the hetero- 
geneity of the group of particles con- 
sidered. It varies anywhere from ten 
minutes to half-a-day. If, as is the case 
with a great many samples, you have 
only two or three constituents which can 
be identified by inspection, the work goes 
very rapidly. With the apparatus shown 
in Figs. 1 and 6 of the paper, you can 
have one hand on the microscope and 
the other hand on the counter, and you 
can click the particles off just about as 
fast as you can roll them past your field 
of vision. In other cases, it is necessary 
to pick out particles for more detailed 
determination of their properties before 
they can be tallied. 

We make a quick, preliminary exami- 
nation of a material of relatively simple 
composition in a half-day, by one man, 
including the notes for the report. If the 
composition is complex, it takes one man 
a full day or a day-and-a-half. The more 
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Many of the difficulties inherent in present methods of dynamic testing can 
be overcome if pulse techniques are utilized. In this method the velocity o 
propagation of an acoustical pulse through the material is measured. The 
pulse velocity so obtained is unaffected by size or shape of the specimen, and 
the elastic modulus may be calculated using one simple formula for all cases. 
An electronic pulse test set developed primarily for testing concrete structures 
in the field is described. A pulse generator and receiver are used, applied to 
opposite faces of the structure. The time of travel of the pulse is measured on 
a cathode ray tube using a strobe circuit and direct reading dial. More than 
two years’ experience in testing laboratory specimens, for which it is now in 
regular use, is described. Mass concrete in the field has been tested for both 
deterioration and cracking; in one case many thousand readings were taken. 
The instrument’s application to the location of rot in wood pole specimens and 

to the testing of soils is also illustrated. 


2 Many of the difficulties inherent in in the underwater detection of sub- 
the present methods of dynamic testing marines. The most widely known peace- 
can be overcome if pulse techniques are_ time application is the ultrasonic flaw 
utilized. In this method, the velocity detector developed for the purpose of 
of propagation of an acoustical pulse locating cracks in metals. All of these 
through the material is measured, where- methods depend on the measurement of 
as in the sonic method in common use the time of travel of a pulse through the 
in concrete laboratories the resonant medium to the object or flaw and back 
frequency is obtained in flexural or to the transmitter after reflection. The 
torsional vibration. In contrast to the velocity of propagation is assumed to 
latter method, the pulse velocity is bea known quantity. 
unaffected by size or shape of the speci- The dynamic testing method de- 
men, so that non-destructive tests may scribed in this paper depends on a 
be performed on laboratory or field measurement of the time of travel—or 
specimens. The elastic modulus may pulse velocity as it will be called—from 
be calculated from the information so one face of the body to the opposite 
obtained, using one simple formula for face. Several scientific papers have de- 
all cases. scribed the use of pulse techniques in 
Pulse techniques were first widely chemical (1),? physical (2), and other 
used in the recent World War, probably (3) fields. Very recently its use in engi- 
the first engineering application being neering applications has been revealed. 


* Presented at the Fifty-third Annual Meeting of the The author, in an earlier paper (4), de- 
Society, June 26-30, 

1 Research we Rey “The Hydro-Electric Power Com- 2 The boldface numbers in parentheses refer to the list 
mission of Ontario, Toronto, Ontario, Canada. of references appended to this paper, see p. 1323. 
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scribed the use of a pulse test set in the 
examination of dams for cracking. As a 
result of this work, the possibilities 
with regard to dynamic testing of ma- 
terials were realized. Work of a similar 
nature has been reported independently 
by the Road Research Laboratory in 
England (5). The present paper outlines 
the theory and the use of pulse tech- 
niques, describes the design features of a 
test set for this purpose, and gives the 
results of more than two years’ experi- 
ence with it in concrete deterioration 
studies. This experience has enabled the 
condition of concrete to be determined 
from the pulse velocity alone. It appears 
that for standard concretes pulse veloc- 
ities of 13,000 to 16,000 ft. per sec. 
indicate that the condition of the con- 
crete is good to excellent. Velocities 
under 10,000 ft. per sec. indicate con- 
crete in poor condition. 

The Soniscope, as the instrument is 
called, is now in regular use by The 
Hydro-Electric Power Commission of 
Ontario for locating deterioration in 
concrete in the field, in long-time studies 
in changes of concrete, and in exploring 
the depth and extent of cracks in dams. 
In an extensive survey of one dam 
constructed in ‘1914, more than 5000 
pulse velocity readings have been taken. 


THEORY OF PULSE TESTING 


The theory of the transmission of 
impulses through a solid body was first 
examined in connection with the propa- 
gation of earthquake waves through the 
earth. Any impulse generated in an 
extended solid can be shown to separate 
into three groups of waves, a compres- 
sional, a shear and a surface wave, each 
travelling with a different velocity. 
They are sometimes termed longitudinal, 
transverse, and Rayleigh waves, re- 
spectively. Each travels with a velocity 
determined by the elastic constants and 
the density of the medium. The com- 
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pressional waves travel with the greatest 
velocity and are the chief concern of 
the present paper. They arrive at the 
receiver prior to the other two waves and 
are not interfered with by them. The 
arrival time can be determined accur- 
ately, and from the resulting velocity 
the dynamic elastic modulus is simply 
calculated using the following equation 


(1 + u)(1 — 

(1 — ») 
where: 
E = dynamic modulus of elasticity, 
d = density, 
V = compressional pulse velocity, and 
uw = Poisson’s ratio. 

Because variations in yw affect the 
result to only a minor degree, the last 
term may be termed constant for a 
particular material, to a first approxima- 
tion. Thus the equation becomes: 


The pulse velocity so measured is the 
true group velocity in the medium, and 
it may differ from the wave velocity as 
measured in the sonic method. Group 
velocities are independent of boundaries 
in the medium provided reflections 
from them do not arrive at the receiver 
in time to interfere with the leading 
edge of the directly transmitted pulse. 


DESCRIPTION OF PuLsE SET 
General Procedure: 


The apparatus, termed the Soniscope 
(Fig. 1), sends pulses of high-frequency 
sound into the material and measures 
the time of travel from the transmitter 
on one face to the receiver on a distant 
face, by electronic means. 

Simultaneously with the transmission 
of the pulse, the beam of a cathode ray 
tube is made to sweep linearily across 
the face of the tube. The arrival ofthe 
pulse at the receiver is recorded as a 
series of vertical oscillations of the trace. 
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Fic. 1.—Field Testing of Mass Concrete with 
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(a) Transmission Through 2.5 ft. (b) 
of Concrete. 


The elapsed time is therefore indicated 
on the face of the tube by the position 
of the wave front of the received oscilla- 
tions. This time interval is accurately 
measured by means of a calibrated 
marker pulse or strobe on a second trace 
of the cathode ray tube. The strobe is 
aligned opposite the leading edge of 
the received pulse, its position being 
controlled by a graduated potentiome- 
ter directly calibrated in microseconds. 

Typical photographs of the cathode 
ray tube face are reproduced in Fig. 2. 
On the upper trace of each photograph 
the transmitted pulse is represented by 
the left-hand edge of the trace. The 
received oscillations show the wave 
_ front of the pulse followed by resonant 
oscillations of the crystals. The timing 
Ta is visible on the lower trace, set 


nded View of Received 
Pulse in (a). 


Fic. 2.—Typical Records. 
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opposite the leading edge of the received 
pulse. Figure 2(a) shows transmission 
through 30 in. of concrete, in this case a 
6-in. core removed from a dam. Figure 
2(b) shows an expanded view of the 
first received cycles in Fig. 2(a). The 
expansion is performed electronically 
and serves to increase the accuracy of 
setting the strobe. The time interval in 
the core was measured as 182 micro- 
seconds, giving a velocity of 13,700 ft. 
per sec. 

Figure 2(c) shows the transmission 
through a 4-in. specimen of soil. 

The procedure is to mark two posi- 
tions on a structure a known distance 


(c) Transmission Through 4-in. 
Soil Specimen. 


apart. After wetting these areas with 
water, the transducers are applied under 
slight pressure. The operator then meas- 
ures the elapsed time, enabling the 
velocity to be calculated. The operator 
is required to operate a minimum of 
controls and switches; so the procedure 
can be learned by a technician with 
little difficulty. Two assistants are, of 
course, required to hold the transmitter 
and receiver against the body under 
test. In the case of routine tests in the 
laboratory, they have been replaced by 
a jig which holds the units against the 
specimens. 


Pulse Transmitter Design: 


The pulse is generated by means of 
piezoelectric crystals of Rochelle salt. 
When subject to the discharge voltage 


i 
‘aa 
a | 
4 \\ 4 ‘ 
¥ ¥ \\ \ | 


4 LESLIE ON PULSE TECHNIQUES APPLIED TO DyNAMIC TESTING 


from a condenser charged to a few hun- 
dred volts, the crystals vibrate mechan- 
cally for a few cycles at their resonant 
frequency. With the crystals pressed 
against the solid under test, the acousti- 
cal pulse is transmitted into the solid. 

Transmission of the pulse into the 
material was found to be greatly de- 
creased by the presence of an air gap, 
however small, between the crystal and 
specimen, the loss in energy taking the 
form of reflection of the pulse at the 


crystal-air interface and again at the 
air-solid boundary. The reflection loss 
is decreased by the provision of a liquid 
film between the crystal and the solid. 
Polishing the face of the material, by 
decreasing the film thickness, results in 
a further decrease in loss. 

Early experimental apparatus used 
unmounted crystals of 45-deg. X-cut 
Rochelle salt 1 by 1} by 3} in. in size 
pressed against the faces of the solid 
with a film of petrolatum or glycerine in 
the boundary; however, this procedure 
was not suitable for routine tests. The 
pulse generator finally evolved (Fig. 3) 


Fic. 3.—Pulse Transmitter. 
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consists of an assembly of crystals im- 
mersed in an oil filled brass housing. 
The housing is provided with a thin 
rubber window directly in front of the 
crystal face, through which the sound 
pulses pass. By providing slight excess 
pressure inside the housing, the rubber 
window takes up a convex shape. 
Pressure of the housing against the ma- 
terial under test results in the rubber 
flattening against the specimen, the 
latter not requiring in this case a polished 


surface. The surface may nevertheless 
require wetting by water or petrolatum 
in order to exclude minute amounts of 
air trapped in the surface. 

The slope of the leading edge of the 
received pulse determines the accuracy 
with which the elapsed time can be 
measured. A pulse frequency of 20,000 
cps. allows the wave front to be de- 
termined within a few microseconds, 
or to an accuracy of about 2 per cent 
in a 20-in. specimen of concrete. Pulse 
frequencies higher than 100,000 cps. 
have been used (5) with corresponding 
increase in accuracy, but at the expense 
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of a decrease in range through the ma- 
terial. The range of the higher frequency 
pulses is limited due to the increase in 
attenuation with frequency. Thus, in 


Fic. 4.—Pulse Receiver Testing Mass Concrete. 


concrete, use of the high frequencies is 
limited to specimens a foot or so in 
length (or to 1-ft. path lengths in larger 
bodies). Frequencies of 20,000 cps. have 
been successfully used in mass concrete 
up to 50 ft. in thickness. Attempts to 
increase this range by enlarging the 
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transmitter have not been successful 
up to the present time. 

The range depends on the background 
noise level. It is considerably reduced in 
the vicinity of heavy construction, 
riveting, etc. 

The receiver is similar in construction 
to the transmitter. A small pre-amplifier 
is mounted with it, the latter terminating 
in a low impedance output for connec- 
tion to a coaxial cable. It is shown in 


Electronic Circuits: 


Fig. 4 in use on a concrete structure. . 
g | 


The electronic circuits, although com- 
plicated, are for the most part an as- 
sembly of circuits well known to special- 
ists in the art. Only a few of the circuits 
will be treated in detail. A block diagram 
is shown in Fig. 5. 

The multivibrator controls the opera- 
tion. It produces square waves at a 
repetitive rate of 100 per second. The 
output is differentiated to obtain posi- 
tive and negative trigger pulses which 
initiate the pulse generator, sweep, 
and timing circuits. 

The pulse generator circuit is shown 
schematically in Fig. 6. The multi- 
vibrator trigger voltage is amplified by 
V;, which is a miniature type thyratron. 
Condenser Cj, which has charged through 
R, to B+ voltage, discharges through 
the tube to produce a positive trigger 
of 300 v. amplitude. This trigger fires 
the second thyratron. Tube V2 is hydro- 
gen filled and requires a high trigger 
voltage. Its maximum ratings are 3000 
v. on the plate and 30-amp. surge cur- 
rent. Condenser C2 is thus discharged 
directly into a 50-ohm coaxial cable 
producing an 800-v. exciting pulse for 
the crystal transmitter. This pulse is 
limited in size only by the voltage rat- 
ing of V2 and C>. The low impedance 
(50-ohm) output pulse is necessary if 
long cables are to be used between the 


t 


§ 
f 
? 
: — 1 
= 
\ 
\ 
— 
\ 
» 
Ss 
t 
- 
4 
~ 


LESLIE ON PULSE TECHNIQUES APPLIED TO DyNAMIC TESTING 1319 


control unit and the transmitter. Leads 
more than 300 ft. long have been used 


in examining large dams. In 


DELAY 


connected to the horizontal deflection 
terminals of the cathode ray tube. The 
this instance sweep circuit consists of a self-gated 

PULSE GENERATOR 
3 


--. ! 
RECEIVER ! 


4 


MULTIVIBRATOR MILLER 


INTEGRATOR 


MULTIAR 


1.NORMAL SWEEP 
2SWEEP EXPANSION 


SANATRON SWEEP 
GENERATOR 


Fic. 5.—Block Diagram of Electronic Circuits. 
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Fic. 6.—Pulse Generator Circuit. 


telephone communication may be neces- 
sary between the operators. 

The trigger pulse serves a second func- 
tion, that of initiating the sweep circuit 


Miller integrator circuit termed a Sana- f 
tron (6, 7). This circuit produces a 
linear saw-tooth voltage. Sweep times 
varying from 50 to 5000 microseconds ‘ 


AMPLIFIER 


DOUBLE BEAM 
C.R. TUBE 


= 
4 
1. 
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7 are available by varying an RC time 
constant in the Miller integrator. 
The trigger pulse also initiates a 
marker pulse or strobe, which is used 
to measure the time interval. This por- 
tion of the circuit presents the greatest 
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front of the received pulse, can be 
directly calibrated in time to an accuracy 
of one part in five hundred. The calibra- 


tion is little affected by changes in line 
voltage or temperature. 
Fixed delays are inserted in the cir- 
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difficulty to the designer. Several types 
of strobe circuits were developed during 
the war for radar use. The arrangement 
finally adopted consists of a Miller inte- 
grator in combination with a multiar 
pick-off circuit. It has been discussed in 

the literature (6, 7) and need not be 
described here. The potentiometer, which 
aligns the strobe opposite the wave 


1400015000 16000 17000 


PULSE VELOCITY, FT PER SEC. er 
Fic. 7.—Relation Between Dynamic Modulus and Pulse Velocity for Concrete. ; 


cuits to allow the sweep voltage action 
to commence before the thyratron pulse 
appears. Otherwise the latter pulse 
would appear at the extreme left-hand 
edge of the screen. 

A sweep expansion circuit may be 
used to examine any portion of the trace 
in more detail. This is performed by 
a switching arrangement which allows 
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the sweep generator to be triggered a 
few microseconds prior to the strobe. 
The switch also serves to speed up the 
sweep by a factor of five. Thus any 
portion of the normal sweep can be 
examined by setting the strobe opposite 
it, and switching to the sweep expansion 
position (Fig. 2(0)). 

The control unit containing all the 
above circuits is shown in Fig. 1. It 
contains 32 tubes in all and a small 
blower fan for cooling purposes. The 
weight of the unit is 60 lb. 


LABORATORY TESTS 
Concrete: 


Prior to the use of the Soniscope in 
the routine testing of laboratory and 
mass concrete, a check on the accuracy 
of Eq. 1 or 2 was required against stand- 
ard test procedures. A number of 4 by 
3} by 16-in. specimens of concrete were 
secured and the modulus obtained in 
accordance with the A.S.T.M. Tentative 
Method of Test for Fundamental Trans- 
verse Frequency of Concrete Specimens 
for Calculating Modulus of Elasticity 
(Sonic Method) (C 215-47T).* The 
pulse modulus was then measured. 
The results, quoted in the earlier paper 
(4), showed a satisfactory correlation 
between the two methods. 

A value for Poisson’s ratio was also 
obtained from the sonic tests. These 
values were higher than values quoted, 
a figure of 0.24 being representative of 
mixtures of normal density. 

The majority of test cylinders made 
up in our concrete laboratory in connec- 
tion with proportioning tests and dura- 
bility studies are now tested in routine 
fashion with the Soniscope. A simple 
graph (Fig. 7) is used to obtain a value 
for the modulus. The value of E so found 
is believed to be accurate to +5 per 
cent. 

Many miscellaneous tests have been 


1949 Book of A.S.T.M. Standards, Part 3, 855. 
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performed during the past two years. 
They illustrate the versatility of the 
pulse method. The increase in strength 
of plastic concrete when setting is easily 
demonstrated by measuring pulse veloc- 
ity. Expansion in mortar bars has also 
been correlated with the velocity. Con- 
crete damaged in a fire on a construction 
job was also tested. The damage was 
found to be only superficial. 

A number of precast slabs made up 
in the form of concrete-foam glass 
sandwiches were tested for bond strength 
under the action of temperature differen- 


TABLE L—PULSE VELOCITY TESTS ON WOOD. 


| | 
Ve- 
é | Ve- locity 
‘ Per- 
Specimen | Condition of Specimen | lel to ular 
Grain, to 
ft. per | Grain, 
sec. ft. per 
sec. 
Sound specimen as re- 
Ma 6 ceived....... -| 14700 | 5400 
; Sound specimen, dried in 
air one week -eeeee-| 15180 | 5400 
Ne. Sound.. -| 13200 | 5 820° 
No. 3 .| Some rot present (a bor- 
derline case)..... | 12600 | 5 300 
Rot present, a rejectable 
sample. . .| 12000 | 4300 
Rot present, a rejectable 
No. 5 | _ sample. .. 11600 | 3400 
: Rot present, dried in air 
one week.... 3 600 
No. 6 ..| No rot, specimen had a 
“shake” in the core.. . 12 700 | 4 300 


tials between the faces of the sandwich. 
The pulse velocity served as a sensitive 
indication of the deterioration of the 
bond in the sandwich. 


W ood: 


With the object of determining the 
presence of heart rot in wood poles, a 
short series of pulse velocity tests were 
made on Jack pine specimens (Pinus 
banksiana) with various amounts of 
heart rot present. The specimens were 
in all cases about 3 ft. long and 10 in. 
in diameter. Velocities measured parallel 
and perpendicular to the grain are shown 
in Table I. 
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Because of the limited nature of the 
tests, few conclusions can be safely 
drawn; however, they do show a corre- 
lation between the pulse velocity and 
the condition of the wood. The velocity 
is dependent also on moisture content 
and probably other factors. The elastic 
modulus can be calculated if a proper 

as value of Poisson’s ratio is used. The 
method may be a valuable research tool 
in the comparison of wood samples, 
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Fic. 8.—Velocity in Silty Clay with Different 
Moisture Contents and Compactions. 


but this possibility has not been ex- 


Limited experiments of a preliminary 
nature were carried out on soils. One 
sample was silty clay. Using a standard 
Proctor compaction mold for compacting 
_ the sample, the pulse velocity was first 
measured for varying densities. The 
velocity was found to be a maximum as 
the percentage of moisture reached its 
optimum value (Fig. 8). Compaction 
was then varied with the soil at optimum 

- moisture content, and velocities ob- 
tained. The velocity was found to be 
proportional to the dry density under 
these conditions (Fig. 9). Thus, with 
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the use of control tests in the laboratory, 
the density may be obtained directly 
in the field with a minimum of effort. 


FreLtp TEsTs 


The principal application of the 
method in the field has been to the 
examination of mass concrete in dams. 
Subject to a limitation in range of 50 
ft., any structure in the field may be so 
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NOTE | 
100} all compactions made in standard Proctor 
compaction mould with soil placed in 
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Fic. 9.—Relation Between Velocity and Dry 
Density in Silty Clay. 


tested. Because the transmitter and 
receiver are relatively nondirectional, 
transmission times may be measured 
across the corners of a section, or they 
may be measured along the downstream 
surface of the dam. In the latter case 
the modulus of the surface layer only 
is of course obtained. Pavement slabs 
may be similarly treated, the transmitter 
being held against the shoulder of the 
slab. 

A thorough inspection is being made 
of one of the older dams owned by the 
Commission. This dam was constructed 
in 1914 and has required repairs three 
times since that date. The dam is of 
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in Fig. 1. The slab is of reinforced con- 
crete 12 in. thick at the top, increasing 
to a maximum of 30 in. in the deepest 
sections. 

To test the concrete in the slabs of 
this dam, the transmitter was lowered 
into the water on the upstream side 
and the receiver held opposite it on the 
downstream side. Areas judged to be in 
poor condition had previously been 
located by tapping with a hammer and 
outlined with paint. All concrete inside 
the areas outlined was found to show 
velocities of less than 10,000 ft. per sec. 
and only two points were above 5000 
ft. per sec. The significance of these low 
readings can perhaps be better appre- 
ciated by considering that since the 
normal velocities th ough adjacent areas 
were over 15,000 ft. per sec., the poor 
areas have a modulus of only about 10 
per cent of that found in good areas. 

Sixty-three slabs have to date been 
tested and the work is proceeding. More 
than 5000 readings have been taken 
In general the low velocity areas agree 
fairly well with those located using a 
hammer, but in all cases considerably 
larger areas of partial deterioration were 
indicated by the Soniscope. 

Another concrete hydraulic structure 
tested with the Soniscope is a surge 
tank approximately 60 ft. square and 
* 30 ft. high, with walls about 8 ft. thick. 
This structure was built in 1904 and 
has been in continuous use since, in a 
very rigorous climate. Considerable spall- 


(1) Galt Pellam, “Ultrasonic Propagation in 
in Liquids,” Journal of Chemical Physics, 
Vol. 14, No. 10, October, 1946, p. 608. 

(2) D. S. Hughes, W. L. Pondrom, and R. L. 
Mims, “Transmission of Elastic Pulses in 
Metal Rods,” Physical Review, Vol. 75, No. 
10, May 15, 1949, p. 1552. 

(3) H. B. Huntington, A. G. Emslie, and V. W. 
Hughes, “Ultrasonic Delay Lines,” Journal 
of the Franklin Institute, Vol. 245, Nos. 1 
and 2, Jau. and Feb. 1948, pp. 1 and 101. 

(4) J. R. Leslie, and W. J. Cheesman, “An Ultra- 
sonic Method of Studying Deterioration and 
Cracking in Concrete Structures,” Journal, 
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ing has taken place on the south and 
west outside surfaces, that is, those 
probably subjected to the greatest num- 
ber of freezing-and-thawing cycles. The 
Soniscope tests revealed that the con- 
crete in this structure is generally in 
excellent condition, having a pulse 
velocity of 15,000 to 16,000 ft. per sec. 
The deterioration which produced the 
spalling was found to be only 1 ft. in 
depth at the greatest and on the average 
was only 1 or 2 in. deep. 

Soniscope tests were carried out on 
one portion of a dam during construc- 
tion. Control cylinders for three sections 
of this structure showed evidence of low 
strength. These sections were subjected 
to pulse tests. The velocities were found 
to be of the order of 11,000 ft. per sec. 
whereas other sections showed values of 
13,000 ft. per sec. The field check thus 
confirmed the routine control procedures 

Three pulse test sets are now in use 
by the Commission. One is in the Con- 
crete Laboratory with the avail- 
able for field testing. oe 


Concuumons 


Non-destructive testing in many solids 
have been shown to be facilitated by 
the use of pulse techniques. The pulse 
velocity is unaffected by the size or 
shape of the specimen and may be used 
to calculate the dynamic modulus of 
elasticity using one formula for all 


cases. 


Am. Concrete Inst., Vol. 21, No. 1, Septem- 
ber, 1949; Proceedings, Vol. 46, p. 17-37. 

(5) R. Jones, “The Non-Destructive Testing of 
Concrete,’ Magazine of Concrete Research 
(London), No. 2, June, 1949, p. 67. 

(6) F. C. Williams and N. F. Moody, “Ranging 
Circuits, Linear Time-Base Generators and 
Associated Circuits,” Journal, Inst. Electrical 
Engrs., (London), Vol. 93, Part IIIA, No. 7, 
March-May, 1946, p. 1188. 

(7) “Waveforms,” M. I. T. Radiation Labora- 
tory Series, Vol. 19, Chapters 5 and 9, 
McGraw-Hill Book Co., Inc., New York, 
N. Y. (1949). 
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DISCUSSION 


Mr. C. H. ScHo.er.'—I wish to com- 
pliment Mr. Leslie in being a pioneer in 
the use of what I think promises to be a 


very fruitful and remarkable tool for 


studying engineering 


structures and 


_ parts of engineering structures. 


We started the use of this type of 
equipment about a year ago when we 


constructed an experimental concrete 


@ 


pavement. A portion of this pavement 
was built using materials which we were 
confident would deteriorate within a very 
few years, and other portions in which 
we believed effective measures had been 
taken to prevent development of this 
type of deterioration. 

In studying the characteristics of the 
concrete which we placed, we began tak- 
ing readings of the apparent velocity of 
sound in the concrete just as the material 
was changing from a plastic to a rigid 
material. Readings could be secured in 


- about 3 hr. Just as the change started 


to take place, probably initial set, the 
velocity changed rather quickly from 
slightly below the velocity of sound in 
water to higher velocities, increasing to 
8000 to 10,000 ft. per sec., within a 
matter of 24 hr., and since then, up to 6 


months, a gradual and consistent in- 


crease in velocity has occurred. 

These readings will be taken continu- 
ously until deterioration develops in the 
inferior sections. It is hoped that this 
tool may be a satisfactory measure of 
the degree of deterioration that results. 

I am also much interested in the pos- 
sible application of such techniques to 


1 Head, Dept. of Applied Mechanics, Kansas State 
College, Manhattan, Kans, 


the study of subgrade soils which are 
supporting pavements of various types. 
Our studies of existing paving structures 
have been particularly weak in that we 
have no non-destructive method of meas- 
uring changes in the rigidity and bearing 
power of the soil underneath our pave- 
ments. If such a technique can be applied 
to these problems, it should be invaluable 
in evaluating the effects of loads on rigid 
and flexible pavements. 

Mr. H. E. Davis.2—I should like to 
ask a question of Mr. Leslie. In connec- 
tion with the tests on compacted soils, 
were you able to detect differences in 
moisture content of soils compacted to 
the same density, or were all these tests 
made on soils in the dry condition? 

Mr. J. R. Leste (author).—We per- 
formed two series of tests, one with vari- 
ous moisture contents and the other with 
various compactions and the tests illus- 
trated were at the optimum moisture 
content for the soil, but with varying 
compactions. The velocity was found to 
increase with compaction. 

With constant compaction the velocity 
varied with the moisture content and 
was an optimum with the optimum mois- 
ture content in the soil. The practical 
difficulty is the simultaneous variation 
in the field of both these variables. 

Mr. H. S. MeEtssner.*—The results 
you show in Fig. 8 are very interesting 
since they show decided relations be- 
tween velocity and soil density. It sug- 


? Director, Institute of Transportation and Traffic 
Engineering, University of California, Berkeley, Calif. 

of Reclamation, Denver Federal Center, Den- 
ver, 0. 
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gests that this apparatus may be found 
to be a useful tool in earthwork control. 

Mr. G. C. Witsnacx.t—I wonder 
whether Mr. Leslie has experimented 
with this apparatus in connection with 
geological work to locate depths and na- 
ture of rock in the field. 

Mr. Lesiie.—Some work of this na- 
ture has been carried out; however the 
instrument is very sensitive to cracks in 
the solid, because it was designed origi- 
nally to detect cracks in dams. It will 
detect cracks too small to be visible. 

We did make some tests through bed- 
rock outcroppings, but the transmission 
was very poor, and I think the maximum 
range was 5 or 10 ft. 

At that time it was apparent that 
minute cracks existed in the bedrock in 
every direction even though the latter 
was thought to be solid. 

In addition, the rock changed in den- 
sity and in grain structure, resulting in 
increased absorption of the sound beam. 
I believe that transmission through rock 
is only possible using very low-frequency 
waves. 

Mr. I. L. TyLer.’—With considerable 
assistance from Mr. Leslie and his asso- 
ciates, we have built two of these ma- 
chines, and we have two more under 
construction. 

We believe that this test offers some 
real opportunities for studying the per- 
formance of concrete that cannot be real- 
ized by any other means of which we are 
aware. We have a good opportunity to 
check the value of the test in connection 
with the specimens of the Long-Time 
Study of Cement Performance in Con- 
crete. There is one project in which there 
are concrete mixes that are almost identi- 
cal, except for the coarse aggregate. 
There is a range with three types of 
coarse aggregate of about 3000 ft. per 

4 Ideal Cement Co., La Porte, Colo. 


one Field Research, Portland Cement Assn., 
Chicago, Ill. 


sec. in what we believe to be concretes 
of comparable quality. With one aggre- 
gate the velocity is around 16,000 and 
with another it is around 13,000. The 
third is intermediate, about half way 
between those two. So it is not quite the 
simple operation of taking the equipment 
out, leaning it up against a concrete 
structure and coming away with a per- 
fect picture of what goes on inside. We 
think it has wonderful possibilities, but 
we believe that considerable study will 
be necessary to put it into really depend- 
able use. 

It is suggested that if anyone has a 
notion of building this new equipment 
he does not attempt it in his spare 
time. It is an extremely complicated 
affair. 

Mr. Bryant MATHER.*—To pick up 
where Mr. Tyler left off, I wonder if 
Mr. Leslie has any suggestions about 
how an organization might best go about 
getting a soniscope. 

Mr. Hydro-Electric 
Power Commission has been making ar- 
rangements to have these instruments 
built more or less to order by a company 
in Toronto. This company is very expert 
in the electronic field, they do a lot of 
research for several large organizations, 
and I think they are quite competent. I 
would be pleased to put anyone, inter- 
ested in purchasing an instrument of this 
type, in touch with this firm. 

Mr. MErssNER.—I should like to ask 
Mr. Leslie another question: He referred 
to the application of this test to timber. 
I did not quite gather whether that was 
new timber, before it had gone in place, 
or was it power-line transmission poles 
in place, in the ground? 

Mr. Lestie.—The samples were new 
specimens of jackpine which had been 
obtained from our storage yard and were 
regarded as representing both sound 


* Engineer, Concrete Research Div., Waterways Ex- 
periment Station, Jackson, Miss. 
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wood and also specimens that had heart 
rot in them. A typical problem would be 
to differentiate between 3000 or 4000 
poles, in a storage yard—whether we 
could separate them into good and bad 
lots. 

We took about five samples, and there 
did seem to be a correlation; however 
_ this work was not pursued further. 

We have thought of using the method 
_ to check transmission line poles in place, 
but it is rather expensive, and time has 
not been available. Some companies have 
tried to X-ray poles, which is an even 
_ more expensive proposition. 

F. J. Marpurrer.’”—I should like 
to ask Mr. Leslie what effect the mois- 
- ture content in the concrete has on the 
pulse velocity. 

Mr. LEsLiE.—For many years now, 
an extensive series of tests regarding the 
_ effect of moisture content on velocity has 
_ been planned, but these have not been 
carried out to date. We did take a few 
_ specimens and having immersed them 
_ for awhile and then dried them out in 
the air, obtained the velocity under each 
condition. It changed a few per cent 
only. 

The limits in accuracy of the instru- 
ment at the moment are about 1 or 2 
per cent, consequently no definite con- 
clusions were reached. 

Tyrer.—I might add a little to 

that. With the cooperation of R. E. 
_ Davis at the University of California, we 
had a chance to make a few tests on some 
_ Jaboratory-cured specimens, part of 
which had been cured approximately 28 
_ days in a moisture room. The other por- 
tion had been placed under alternate 


mo Div., Dewey and Almy Chemical Co., 
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vacuum and water pressure to saturate 
the specimens as completely as possible. 
The reductions in velocity were of the 
order of 1000 ft. per sec. on specimens 
which before saturation had velocities of 
16,000 ft. per sec. 

This was an exaggerated condition. It 
is very doubtful that the same degree of 
saturation could be produced by ordinary 
exposure. 

Mr. E. P. Prrman.*—Can this test be 
applied to routine testing, say, 28 days’ 
strength, or is it only for deterioration of 
concrete at older ages. 

Mr. Lestie.—The instrument essen- 
tially measures the dynamic modulus to 
an accuracy of, say, 2 or 3 per cent, and 
it will do everything that the sonic tests 
will do. In addition measurements can 
be made in the field, 28 day tests being 
perfectly feasible with the soniscope. 

Mr. R. R. Lirentser.*—I could not 
determine from Mr. Tyler’s remarks 
whether velocity increased or decreased 
with the increase in water. 

Mr. TyLer.—The velocity decreased 
with more water. 

Mr. (author's closure). —In a 
more recent series of tests on the effect 
of moisture content on pulse velocity, 
twenty-six 6 by 12-in. cores removed 
from a dam 5 yr. ago and stored in air 
since that time, were measured with the 
soniscope. The cores were then immersed 
in water at room temperature until they 
reached constant weight. The pulse ve- 
locity was again measured and found to 
average 12 per cent greater than before. 
Maximum increase was 20 per cent, mini- 
mum 6 per cent. 


* The Port of New York Authority, New York, N. Y. 
* Chief Engineer, Testing and Research Lab., De- 
partment of Highways, Columbus, Ohio. ne 
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This Symposium on Use of Pozzolanic Materials in Mortars and Con- 
cretes was held at the Cement and Concrete Session of the First Pacific 
Area National Meeting of the American Society for Testing Materials in 
San Francisco, Calif., October 10-14, 1949. 


OF POZZOLANIC MATERIALS IN MORTARS AND 
CONCRETES 


The following nine papers were presented: 

Introduction—T. E. Stanton 

Pozzolanic Materials and Their Use in Concrete—R. E. Davis 

Pozzolans Used in Mass Concrete—H. S. Meissner 

Experience with Pozzolanic Materials in Kansas—C. H. Scholer and R. L. 
Peyton 

Effect of Calcination on Natural Pozzolans—R. C. Miclens, L. P. Witte, and 
O. J. Glantz 

Effect of the Use of Diatomite Treated with Air-Entraining Agents upon the 
Properties of Concrete—R. E. Davis and A. Klein 

Summary of Methods for Determining Pozzolanic Activity—W. T. Moran and 
J. L. Gilliland 

Strength, Volume Change and Sulfate Resistance of Mortars Containing Port- 
land-Pozzolan Cements—R. E. Davis, W. C. Hanna, and E. H. Brown 

Studies of Some Methods of Avoiding Expansion and Pattern Cracking Asso- 
ciated with the Alkali-Aggregate Reaction—W. C. Lerch 

Studies of Use of Pozzolans for Counteracting Excessive Concrete Expansion 
Resulting from Reaction Between Aggregates and Alkalies in Cement— 
T. E. Stanton 


SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON USE - we 
it 
| | 
(3 
These papers and discussions are issued as A.S.T.M. Special Technical _ 
Publication No. 99, entitled “Symposium on Use of Pozzolanic Materials = a 


PILOT STUDIES OF SOIL DENSITY MEASUREMENTS BY a 
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By D. BeRDAN' AND R. K. BERNHARD! 


SYNOPSIS 


Pilot experiments have been made with soil samples in small containers to 
determine, by means of X-rays, first, the effect of soil densification on the 
radiographs and, second, the effect of densification on differential pressure 
cells buried in the soil samples. Characteristic X-ray images are presented, 
and some conclusions with respect to the application of this method are dis- 
cussed. 

This nondestructive X-ray method leaves the soil sample completely un- 
changed, regardless of its state of densification, and might become useful 
particularly in those cases where undisturbed soil samples cannot be obtained. , ( 
A possible development for future field applications is — 


Pilot experiments with soil samples in 
small containers were made to determine 


— 


The X-ray ( 

effect of = Industrial Unit) is a two-valve, full 
graphs, and the corresponding motion of wave rectification unit (2) with a maxi- ( 


_ differential pressure cells buried in the 
soil. Since it is often difficult to obtain 
completely undisturbed soil samples, 
particularly in the case of noncohesive 


f the soil 
dry sands, the X-ray method appeared a 
to offer a promising approach (1).2 To Soils: 


avoid misufiderstanding, it will be under- ye 


mum rating of 150 kv. An automatic 
timer governs the exposure time. Images 
were taken before and after densification 


- stood that “soil density” refers to den- 
sifying effects due to compaction of 
soil, and “radiograph or print density” 
refers to darkening effects due to the 
exposure of radiograph film or print. 


Test PROCEDURE 


The general setup for the experiments 
is shown in Fig. 1. 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

Senior Student of Mechanical Pro- 
fessor of Engineering Mechanics, Rutgers University, 
New Brunswick, N. J. 

2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1337 


Two soil types of widely contrasting 
composition were selected: first, an 
Atlantic Coast beach sand (noncohesive) 
and, second, a Hagerstown Silt Soil 
(cohesive). In Fig. 2, their grain size 
accumulation curves are represented. 
The sand consisted of 95 per cent quartz 
and 5 per cent feldspar; the Hagerstown 
silt soil contained approximately 15 per 
cent quartz and 85 per cent mica, clay, 
minerals and iron oxides. Further con- 
stants of the Hagerstown silt soil are: 
liquid limit 38.5 per cent, plastic limit 
22.1 per cent, and plasticity index 
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Container: 


On Stupres or Som DeENsITy BY a 1329 


16.4 per cent. Both soils were tested in 
dry condition. 


The soil was poured as loosely as 


(a) X-ra 
(b) Wi 


tube 
en container 
(c) Lead shields 
(d) X-ray film 
(e) Adjustable separation 


wa 
(f) Soil sample 
Fic. 


(g) Distance: focal spot- 


X-ray tube to film 
(h) Vertical scale 


(i) Differential pressure 


cei 
k) Aluminum foils 
Applied load. 


1.—Experimental Setup. 


possible into a wooden container (6, 
Fig. 1), which was 22 in. high and had a 
cross-section of 9 by 9 in. (inside dimen- 
sions). Lead shields c masked all sides 
of this container, with the exception of 
the front, to reduce scattered radiation.® 
The thickness of the soil sample could 
be varied by inserting an adjustable 
separation wall e. An X-ray film holder, 
d, fitted into the back of the container, 
and a scale, /, consisting of lead markers 
attached to a wooden strip, was placed 
in front of the film. 


The soil — were densified by 
dropping a standard Proctor (3) hammer 
of 53 lb. weight from a height of 12 in. 


up to 25 times. p 


Pressure Cells: 


3 The effect of any remaining scattered radiation has 
been considered negligible since specimens thinner than 
3 in. have not been investigated in these pilot studies. 
Further experiments are required to check this assump- 
tion. 
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2.—Grain Size Accumulation Curve for Beach Sand and Hagerstown Silt Soil. 


— 
» 
Small differential pressure cells (4), __ 
f 
| 


2 in. high and 0. 15 i in. in diameter, were 
embedded in the soil sample. A special 
holder (4) has been developed for the 
pressure cells to place them auto- 
_ matically and independent of the opera- 
tor at all times with the same initial 


Soil Photocell 
Density, Output 
percent in 0.1 

micro- 
amp. 


Fic. 3 —Radiograph Prints of Hagerstown Silt 


Soil for Various eae) 
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pressure on the dinitie strata. This 
holder can be released and withdrawn 
after the container has been filled with 
soil to a height considerably above the 
cell. 


Densitometer: 


The radiograph or print was placed on 
a viewing screen and scanned by a photo- 
cell. The output of this cell could be 
registered by a sensitive galyanometer. 
The photocell was rigidly fixed above 
the viewing screen to keep the distance 
between the light source and the photo- 
cell constant at all times. A radiograph 
or print could be moved between the 
photocell and viewing screen, following a 
definite pattern. This pattern (matrix) 
on the film or print consisted of small 
dots marked every inch (see Fig, 5) and 
locating the position of film or print 
with respect to the fixed photocell. Tests 
with various uniformly exposed prints 
have shown that the changes in light 
transmissibility due to changes in paper 
thicknesses are negligible. 


Special care was taken that exposure 
and darkroom procedure was meticu- 
lously repeated in every detail for all 
experiments. As far as X-ray exposure is 
concerned, voltage, amperage, exposure 
time, and focal distance were kept 
constant. In the darkroom, processing of 
X-ray films took place simultaneously 
in the same tanks at the same and con- 
stant temperature, and for the same 
length of time. Similarly, all prints were 
exposed and processed under identical 
conditions. Positive prints were made 
of all radiographs to increase the density 
contrast (6). Instead of using high- 
contrast-films, high contrast paper vrints 
were made, which do not require vicwing 
screens for interpretation. 

‘The data, veferting to X-ray 
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exposure and darkroom procedure, were 
used for almost all experiments: 


X-ray exposure.—60 kv., 18 ma., 9 min., 
at 48 in. focal distance. 

Darkroom procedure: 

X-ray film.—DuPont 506, no screen; de- 
veloping time, 7 min. (DuPont X-ray de- 
veloper); fixing time, 15 min. (Kodak acid 
fixer with hardener). 

X-ray print.—Exposure time, 14 sec.; 
light source distance, 96 in.; Eastman Koda- 
bromide F-4; developing time, 2 min. (nor- 
mal Kodak Dektol developer); fixing time, 
8 min. (Kodak acid fixer with hardener). s 
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Fic. 4.—Density Calibration Chart for Hagers- 
town Silt Soil. Soil Density (d in per cent) 
versus Radiograph Print Density (p in 0.1 mi- 
croamps. photocell output). 


Density calibration charts were made 
of each soil sample to overcome the 
difficulties which are unavoidable due 
to variations in chemical composition, 
atomic structure, grain size, and grain 
distribution, etc. 


Test RESULTS 


Figure 3 shows density calibration 
images for a Hagerstown silt soil sample 
with a thickness of 3.11 in. in four 
stages of density. In Fig. 4, the density 
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7 . 
100 = 4 sents the maximum compaction 
es within the sample which could be 


of this soil sample, gained from the 
volumetric change of the soil, is plotted 
against density of the print (relative 
transmittance) (Fig. 3), obtained from 
readings with the densitometer.* The 
soil density versus print density curve 
follows a straight line law of the form: 


d = 1045 — 1.16 p 


where: 


¢ 
d = Soil Density of the Hagerstown 
silt soil sample in per cent. 
(190 per cent soil density repre- 


obtained by tamping) and 
p = photocell output in 0.1 micro- 
amperes. 


This relation is purely empirical and 
requires further investigation. The graph 
was used as calibration standard for all 
further Hagerstown silt soil density 
determinations. Similar graphs are re- 
quired for any other type soil. 


Density Changes Due to Compaction: 


In Fig. 5, a positive print of Hagers- 
town silt soil after compaction is repre- 
sented. Compaction was produced by 
dropping the Proctor hammer 15 times 
from a height oi 12 in, at the center of 
the 3.11 in. thick sample. 

The matrixes shown in Fig. and 
(b) indicate the print density before and 
after compaction. This print density in 
photocell output (0.1 microamp) was _ 
obtained by scanning the images with 
the densitometer. All curves represent 
the loci of equal light transmissibility. 
Hence, from the density calibration — 
chart for Hagerstown silt soil (Fig. 4) the 
isopycs, coined from the Greek word © 


designated as 100 per cent and the corresponding change 
in volume (settlement) recorded. Less compaction was 
produced by reducing the amount of tamping and the 
obtained volume changes used to calculate intermediate 
density values in per cent. 


4The maximum density obtained by tamping was = : 
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4 to 19: Abscissa of Matrix (distance in inches below not compacted soil surface). 
I to VII: Ordinates of Matrix (distance in inches from left side of soil sample). 


Fic. 5.—Radiograph Print of Hagerstown Silt Soil After Compaction. 
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“pyknos,” that is the loci of constant 
soil density, could be derived. These 
isopycs are identical in shape with the 
loci of equal light transmissibility. Thus 
the soil density at any point in the 
sample can be determined. 

The sensitivity of this radiographic 
method can be visualized by comparing 
the change of a medium density area 
near the bottom of the container before 
and after compaction (Fig. 6(a) and 
(b)). An hourglass-shaped area (major 
axis vertical) of isopyc 75 Fig. 6(a) 
degenerates into a circular shape that is, 
(isopye 86, Fig. 6(6)), while the geo- 
metrical center of this area moves ap- 
proximately 2 in. downward. . 

All experimental values could be re- 
produced with an accuracy of +2 per 
cent. 

Further results of this determination 
are plotted in Fig. 7, showing the soil 
density distribution before and after 
compaction along ordinates I and IV, 
that is, near the left wall and in the 
center of the container. From these 
curves, the effect of the wall friction 
becomes obvious. The maximum compac- 
tion density (100 per cent) around 10 in. 
below the surface of the soil sample as 
produced by tamping the surface seems 
not to be reduced by confining effects. 


Motion of Pressure Cell Due to Compac- 
tion: 


Figure 8 is a positive print of radio- 
graphs of beach sand samples with a 
thickness of 3.11 in. before and after 
compaction. Compaction was produced 
in the same manner as described pre- 
viously. Embedded in the soil is a 
differential pressure cell and four alumi- 
num foils. The deformation of the 
aluminum foils and the sinking of the 
pressure cell for more than one inch 
after compaction is clearly visible. The 
upper foil broke during compaction 
due to excessive strain. The streaks of 
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light bending around the pressure cell 
are caused by irregularities while pouring 
the sand into the container. 


Pressure 


) Pre cell. 
(6), Fin Attached to (a). 
(c) Lead markers every inch. 
(d) Void. 
Fic. 9.—Radiograph Print of Beach Sand and 
Embedded Differential Pressure Cell with 
Attached Spring Steel Fin. 


Size Effect of Pressure Cell: 


Figure 9 is a positive print of a radio- 
graph of a beach sand sample of 3.11 in. 
thickness before compaction showing the — 
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effect of a horizontal fin of 3 in. diameter 
attached to the pressure cell. The bright 
area under the fin indicates the formation 
of a void produced by the extension of 
the pressure cell in the horizontal direc- 
tion. Discontinuities of similar type 
might easily distort the output of pres- 
sure cells. No voids could be observed 
under the bottom of pressure cells having 
a diameter of 0.75 in. only (see Fig. 8). 


ANALYSIS 


The following conclusions might be 
drawn from these experiments, keeping 
in mind that the unavoidable friction of 
the container walls will distort the 
findings to a certain extent. 


Exposure and Darkroom Technique: 


In order to produce the maximum 
contrast in the radiograph due to 
changes in density of the soil sample, 
the following technique seems recom- 
mendable: 

Soft X-rays, that is voltages not 
higher than 100 kv., yield satisfactory 
contrasts. A distance between focal 
spot and X-ray film of more than 4 ft. 
will prevent undesirable contrast changes 
due to increased length of the X-ray 


path at the fringes of the image. The. 


two pictures, before and after compac- 
tion, have to be taken and processed 
under absolutely identical conditions. 
Successive exposures by covering first 
one side of the film with a lead mask 
before compaction and then masking 
the other half of the film after compac- 
tion are preferable. Developing and fixing 
the exposed films or prints simul- 
taneously is an important prerequisite. 


Densitometer Readings: 


The distance between photocell and 
light source has to be kept constant at 
all times. Leaving the photocell at a 
fixed point and moving the matrix 
marking the scanning points on the 


@ 


The photographic density contrast can 
be substantially increased by making 
positive contact prints. X-ray film and 
print paper are used advantageously 
in the steepest straight-line range of 
their characteristic (log relative exposure 
density) curves (6). 


Density Changes: 


Special care has to be taken while 


pouring the soil into the container (see 
Fig. 8). In particular for cohesive soil, it 


is difficult to obtain a uniform density 
distribution even before compaction (see 
Figs. 6(a) and 7(a) and (c)). An evalua- 
tion of the isopycs near the container | 
walls will permit, to a certain extent, the © 
isolation of the effect due to nonavoidable 
wall friction (see Figs. 6 and 7). The 
known phenomenon, that impact loads 
cause the maximum densification at 
some distance below the soil surface and © 
a pronounced dedensification close to the 
surface, could be reproduced (see Fig. 
7(b) and (d)). 


Differential Pressure Cells: 


Two rather obvious facts have been © 
demonstrated: first, that small bodies, 
such as pressure cells, embedded in the 
soil participate to a substantial degree in 
the motion of the surrounding soil 
particles (see Fig. 8), and, second, that 
the smaller the cell, the less the con- 
tinuity of the soil will be interrupted. 
It seems that the positioning, or the 
initial pressure with which the cell is 
placed on the underlying strata, is of 
particular importance. This holds true 
not only for the prevention of tilting 
during compaction, but also for the 
resultant output of the pressure cell. — 


Future Developments: 


An interesting development of X-ray 
tubes, so-called Oxtail Tubes (2), with 
long tubular anode extensions might lead 
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to a practical application of the X-ray 
method in the field. Another possibility 
might be the application of radioactive- 
isotopes, for example radioactive cobalt 
(Co 60) with a gamma ray emanation 
per unit weight several times that of 
radium (7, 8)° (see Fig. 10). It must be 
well understood, however, that such a 
method can be justified only where un- 
disturbed soil samples cannot be ob- 
tained otherwise. This might be of 
particular importance for dry nonco- 
hesive soils (sand). 


SUMMARY 


The developed X-ray technique to 
measure quantitatively and qualitatively 
changes in density of soil samples from 
densitometer readings seems to yield 
satisfactory results. 

The effect of compaction with respect 
to shape and motion of pressure cells 
buried in soil samples could be deter- 
mined. 

Further theoretical and experimental 
investigations are required with respect 
to the described technique as well as 
to correlate differential pressure cell out- 
put with certain effects due to soil 
compaction produced by static and 
dynamic loads. 

X-ray tubes with long tubular anode 
extensions or radioactive-isotopes might 
lead to possible future applications of 
the X-ray method in the field where 
undisturbed soil samples cannot be ob- 
tained otherwise. 


5 Pilot experiments with Co 60 have yielded rather 
encouraging results. Reductions of 50 per cent in trans- 
mission of gamma rays were measured before and after 
compaction of Hagerstown silt soil samples varying in 
thickness from 6 in. to 50 in. 


(1) H. E. Davies and R. J. Wood, “Some 
Laboratory Studies of Factors Pertaining 
to the Weacing Capacity of Soils,” pre- 
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Mr. Grecory P. TSCHEBOTARIOFF' 
(presented in written form)—The paper 
treats a subject of considerable theoret- 
ical and practical interest and the au- 
thors are to be complimented on their 
efforts to solve the problem. A thorough 
job has been done within the limits 
imposed by the reduced scale of the ex- 
periments. However, no numerical data 
are presented in the paper which would 
permit one to judge whether optimism 
is really justified concerning the possible 
application of the method in the field at 
full scale. The nature of the difficulties 
encountered by previous investigations 
should be mentioned in this connection. 

X-rays have been used in the past 
for a somewhat similar problem, namely, 
to study the deformations of a sand 
mass under load. Such tests were per- 
formed by Emil Gerber at Zurich in 
1929.2 Small (3-mm. diameter) lead 
spheres were embedded in the sand at 
several elevations under the center line 
of a 3-in. steel plate which rested on the 
surface. The width of the box, which was 
filled with sand, was 20 cm. (8 in.). A pho- 
tograph was taken before a load was 
applied at the sand surface and the 
exposure was repeated on the same 


1 Associate Professor of Civil Engineering, Princeton 
University, Princeton, N. J. 

2 “Untersuchugen uber die Druckverteilug im ortlich 
belasteten Sand,” by Emil Gerber Doctorate dissertation, 
Zurich, Switzerland, 1929. 
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Am. Soc. Testing Mats., pp. 112-115 (1936). 
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STP No. 28). 

(6) “Radiography in Modern Industry, “East- 
man Kodak Co., X-Ray Division. 

(7) P. C. Aebersold, “Isotopes as Tools of 
Engineering,” Mechanical Engineering, Vol. 
71, No. 12, December, 1949, pp. 987-990. 

(8) P. R. Marvin, “Engineering Application of 
Radioactive Materials,” Non Destructive 
Testing. Vol. 8, No. 3, Winter, 1949-1950, 
pp. 26-34. 
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photographic plate after application of 
the load. The 8-in. thickness proved to 
be the maximum which the X-rays of 
the apparatus available at the time could 
penetrate effectively. However, even so 
the photographs were insufficiently clear 
for reproduction, and the accompanying 
diagram, Fig. 11 had to be reconstructed 
from them. The lead spheres immediately 
under the steel surface plate did not 
show up at all on the second photograph 
because of interference induced by that 
plate. 

I am not aware that any other X-ray 
experiments for a sand thickness greater 
than 8 in. have ever been successfully 
performed. It would therefore be inter- 
esting to know on what the authors base 
their hopes that the success of their ex- 
periments with a much smaller thickness 
of sand,—3 in. only—can be duplicated 
in the field where many times larger 
thicknesses will be involved. After all 
not only the intensity of the rays de- 
creases with the square of the distance 
from the source but also the absorption 
by the soil follows an exponential rela- 
tionship. 

The proposal to use radioactive cobalt 
instead of X-ray tubes appears to be a 
step in the right direction. Mr. Milton 
G. White, Professor of Physics at Prince- 
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sought on this entire problem, suggested 
that instead of lowering a photographic 
plate into one of the bore holes a spe- 
cially designed counter of gamma rays 
might possibly be employed and might 
prove to be more sensitive and prac- 
tical in operation. Nevertheless, the dis- 
tance between the bore holes could even 
then hardly be ion than some 30 to 
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A second difficulty appears to have 
been realized by the authors who em- 
phasize that their method is best suited 
for dry sands. This is definitely the case 
since presence of moisture will have the 
same effect as an increase in the density 
of a dry sand—water in the voids will 
offer greater resistance to the passage of 
rays than will air in the voids. 
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40 in. if differentiation between various 
states of density of a sand is to be pos- 
sible. 

This brings up an additional difficulty. 
The diameter of the bore holes would 
have to be at least 4 in. In dry sand they 
would have to be lined with a casing. 
The sinking of two 4-in. casings at some 
30 in. distance from each other would be 
liable to change the original density of 
a loose sand between them at a depth 
exceeding some 5 or 6 ft., if not even at 


; shallower 


Fic. 11.—X-ray cheno Made by Emil Gerber At Zurich (1929) Showed the Displacement of 
ich Had Been Embedded in the Sand and Had Followed Its 
Deformations Under Load. 


Finally, the stability of a sand mass 
depends on its relative density, which 
can be evaluated from the absolute den- 
sity only if the grading of the sand is 
known. The proposed method can give 
values of the absolute density only. 

Summing up, it would appear that in 
the field the proposed method could give 
practically usable results only with sand 
of known grading and moisture content 
and only at very shallow depths. 

Messrs. D. BERDAN AND R. K. 
BERNHARD (authors? closure).—The ques- 
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tion has been raised concerning the field 
application of X or gamma rays to de- 
termine soil densities. Some anticipated 
difficulties are mentioned, in particular 
the possible distance of detectable ray- 
transmission through the soil was ques- 
tioned. 

‘As pointed out on page 1329 the con- 
tainer had an inside cross-section of 9 
by 9 in. No difficulties arose in making 
radiographs up to the full capacity of 
the container. Samples with 3.11 in. 
thickness were used for some of the tests 
to reduce the exposure time. 
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Sort DENSITY BY X-RAYS 

Belcher and associates determined soil 
densities, including the relation of mois- 
ture content, by means of a radium 
source in the laboratory and in the field. 
Figure 13 represents a soil density versus 
counts per minute chart for soils with 
various moisture contents. 

Furthermore they experimented with 
polonium-beryllium as a neutron source 
to determine moisture contents. 

In both cases, back scattering methods 
were used, with the advantage that 
transmitter and receiver could be in- 
serted in one and the same tube. The 


Density: 1.0 H. and D. Intensifying Screens: Lead-Alloy 
The experiments by E. Gerber (1929), 
as mentioned by the discusser, are super- 
ceded by new tests made by O’Dea 
(1949) and Belcher and associates 
(1950). Using a gamma-ray emanating 
radium source, O’Dea succeeded in mak- 
ing radiographs through soil samples of 
approximately 20-in. thickness. He de- 
veloped an exposure time chart for dry 
soil samples up to 27.6 in. thickness as 
shown in the accompanying Fig. 12. 
~~ 8, J. O'Dea, Jr., “An Experimental Investigation of 
the Vibratory Characteristics of Sand,” thesis presented 
H. S. Sack, D. J. Belcher “The 
Measurement of Soil Moisture aoe Density,” College of of 


Engineering, Cornell University, Ithaca, N. Y. k ~~ - of 
_— Aeronautics Authority, April, 1950. 


Exposure Factors 
< To be applied 
= to the chart 
= Eastman Type: 
= 276 ; 13 
2 Biue Brand 3 
No-Screen 

A 57 
2 M 18.3 
184 Ansco Type: 
Hi-Speed 1.3 
o Non-Screen 17 
Superay A 103 
% 92 SuperayB 183 
DuPont Type: 
504 13 
506 5.0 
A 50. 100. 500. 1000. 


Exposure Time, hr. 


Fic. 12.—Determination of Exposure Times. 
rat = Source: 100 mg. Radium. Film: |Eastman Industrial 


25, Distance: Radium to Film, as Indicated. Film 
Development: Twice Normal Development Time. 


maximum outside diameter of this tube 
was 1.25 in., the greatest depth below 
the surface 9 ft. Significantly larger 
depths will require an adjustment of the 
circuit. 

Belcher and associates summarize 
some of their findings as follows: 


“The gamma ray scattering method 
proves to be a reliable method for determin- 
ing density without disturbing the soil mass, 
at least if care is taken that the placing of the 
tube does not disturb the soil mass near the 
tube. The precision, at present, is +2 per 
cent per cu. ft. 

“The neutron scattering method proves to 
be a reliable method for determining, with- 
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out disturbing the soil mass, the moisture 
content. The precision is +1 lb. water per 
cu. ft. or better, corresponding to about 
+1 per cent moisture content. 

“Tt can be said that both methods have 
proven themselves in laboratory and field 
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indicating instrument above the ground, 
and not a photographic plate. As reported 
in the footnote on page 1337, pilot ex- 
periments with Co 60 showed a reduc- 
tion of 50 per cent in gamma ray trans- 
mission before and after compaction of 
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tests and promise to become satisfactory and 
very useful tools for the measurement and 
continuous recording of density and moisture 
content of soils.” 


With respect to the proposed direct 
transmission method by means of radio- 
active cobalt, the dicusser has misin- 
terpreted Fig. 10. The authors show a 
gamma ray pick-up unit in the lower end 
of the right-hand tube, connected to an 


Density, Ib. per cu. ft 
Fic. 13.—Counting Rate versus Wet Density of Soils. 


Te) 120 130 


Hagerstown Silt Soil varying in thick- 
ness from 6 in. to 50 in. It has to be kept 
in mind that only a rather weak radio- 
active source (18.5 millicurie of Co 60) 
was available, and furthermore that the 
pick-up unit had a low sensitivity (50 
millirep per hour). Nevertheless the 
assumption seems justified that substan- 
tially larger distances than 50 in. can be 
if so ‘desired. 
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The authors agree with Mr. Tschebo- 
tarioff that the grain size distribution of 
of the soil cannnot be determined by 
either method which basically integrate 
the soil volume under investigation. The 
primary objective of these X- and gam- 
ma-ray studies was the determination of 
changes in absolute density, with the 
secondary aim to disturb the soil the 
least possible amount. 

No methods seem to be available at 
present which might solve this problem 
better or even similarly effective. 

The authors appreciate very much in- 
deed Mr. Tschebotarioff’s discussion. 
They also are sincerely thankful for 
having obtained the permission from 
Messrs. O’Dea, Kilcawley, Belcher and 
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associates to report some of their highly 
significant results. 

Mr. D. T. O’Connor® (by letter) — 
The authors of this paper are to be con- 
gratulated for their ingenious approach 
to this soil mechanics problem. Too often 
we associate the use of X-rays with pro- 
duction inspection problems, particu- 
larly casting and weld inspection. Yet 
the unique properties of X-rays should 
suggest their use in scores of engineering 
and development problems. X-rays prop- 
erly used can be a powerful tool for the 
collection of primary engineering data 
as these authors have so amply demon- 
stated. 
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Chief, Radiological Section, U. S. Naval Ordnance 
me Laboratory, White Oak, Silver Spring, Md. 


THE EFFECT OF ROCK CONTENT AND PLACEMENT DENSITY ON 


CONSOLIDATION AND RELATED PORE PRESSURE IN 


development. 


The problem of consolidation and 
stability for materials containing con- 
siderable amounts of rock arose in con- 
nection with the construction of Jackson 
Gulch Dam, a high rolled-earth em- 
bankment which the Bureau of Rec- 
lamation is constructing at Mancos, 
Colo. The dam consists of an impervious 
center zone (Zone 1) of fine material 
and an outer “Zone 2” material, which 
contained a considerable amount of rock 
up to 3 in. in size. This “Zone 2” ma- 
terial was a well-graded gravel with a 
considerable amount of excellent clay 
binder. The laboratory had previously 
studied the “Zone 1” material for place- 
ment control and had established limits 
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was presented at the Session on Soils held 
acific j= National Meeting of the Society, 


San Francisco, Calif., October 10-14, 1949. 
1 Materials Engineer, Earth Materials Laboratory, 
U. S. Duress of Colo. 


EMBANKMENT CONSTRUCTION* 
By J. Gress! 


SYNOPSIS 


The placement conditions of embankment materials for high earth dams 
have been found to require careful control so as to prevent excessive pore pres- 
sure and provide a good quality of stability. Greatest emphasis has been 
on the finer soils. The concept which has been developed for these soils 
al implies that impervious materials placed at relatively high moisture contents 

me and which will have large consolidations will develop excessive pore pressures 
when loaded and will cause a greatly reduced stability of the structure. If this 
concept is carried further into the range of materials containing considerable 
amounts of coarser, rock-size particles, there has been reason to believe that 
similar problems would arise. A clearer understanding of such a problem was 
believed to be necessary. This paper describes the laboratory tests for such an 
apalysis on embankment material containing coarse size particles up to 3 in. 
in size. The results of these tests demonstrate the effect that changes in rock con- 
tent have on consolidation and the subsequent effect on possible pore pressure - 


gie 


for desirable placement moisture to avoid 
excessive pore pressure development in 
this soil. However, it was observed dur- 
ing construction that the ‘‘Zone 2”? ma- 
terial also had placement characteristics 
which could lead to excessive pore pre- 
sure development and a subsequent de- 
crease in stability. 

The compacted densities of the soil- 
rock embankment obtained during con- 
struction were lower than those antici- 
pated, because of the high rock contents 
which were encountered. Furthermore, 
the compacted material had the appear- 
ance of being quite impervious since the 
fine portion was an excellent clay binder. 
Because of the low degree of compaction, 
consolidation of considerable amounts 
was anticipated; and, because of the low- 
permeability appearance of the com- 
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pacted mass, a very slow draining con- 
dition was expected to exist during the 
consolidation period. Therefore, it was 
felt that excessive pressure development 
in the pore fluid, when the material was 
loaded, might become an important 
problem in this structure. A detailed 
consolidation study was made on this ma- 
terial containing rock up to 3 in. in size 
to determine the pore pressure charac- 
teristics in relation to degrees of com- 
paction, rock contents, loading pressures, 
and moisture contents which were simi- 
lar to those being obtained in the field 
during the construction of the dam. 
The stability of high rolled-earth 
dams, which are constructed of materials 
having relatively high moisture contents 
and having high consolidation properties, 
has been found to be greatly reduced by 
the development of pore-fluid pressure. 
Pore pressure (also termed excess hydro- 
static pressure) develops in the mass as 
it consolidates from loading during con- 
struction, and a corresponding reduc- 
tion in effective particle contact pressure 
is produced. Construction pore pres- 
sures have previously been estimated on 
the basis of rational formulas and labo- 
ratory tests?’ * and field observations.‘ A 
means of establishing placement control 
limits for fine material by laboratory 
tests to limit pore pressure has been de- 
veloped.> The magnitude of the pore 
pressure is dependent upon the compres- 
sibility of the pore fluid (air and water), 
the volume change of the mass under load, 
and the permeability of the mass and sur- 
rounding material. Therefore, the effect 
2 L. W. Hamilton, “‘The Effects of Internal Hydrostatic 
Pressure on the Shearing Strength of Soils,’’ Proceedings, 
Am. Soc. Testing Mats., Vol. 39, p. 1100 (1939). 
3J. W. Hilf, ‘Estimating Construction Pore Pressure 
in Rolled Earth Dam,” Proceedings, Second International 
Conference on Soil Mechanics, Paper IV b 5, Vol. III 
C. Walker and W. W, Daehn, “Ten Years of Pore 
Pressure Measurements,”’ Proceedings Second Interna- 
tional Conference on Soil Mechanics, Paper IV b 7, Vol. 
'W. G. Holtz, “The Determination of Limits for 
Control of Placement Moisture in High Rolled-Earth 


Dams,” Proceedings, Am. Soc. Testing Mats., Vol. 48, 
p. 1240 (1948). 


of pore pressure on stability assumes in- 
creased importance as the fill loads and 
consolidation become large, as the perme- 
ability becomes small, and when place- 
ment moisture contents are relatively 
high.5 


LABORATORY TESTS 


The detailed laboratory investiga- 
tions reported herein were made on a 
1000-lb. sample of pit run, Zone 2 ma- 
terial of 3-in. maximum size. Since the 
degree of compaction, the consolidation, 
and the imperviousness of the material 
were items causing greatest concern with 
relation to pore pressure development, 
a testing program consisting of many 
one-dimensional consolidation and per- 
meability tests was conducted on the 
soil containing various amounts of rock 
compacted to densities of 80, 90, and 
100 per cent of the theoretical field den- 
sity. The rock contents varied from 25 
to 70 per cent, and loading pressures of 
50, 100, and 150 psi. were used. 

For control purposes and basic data, 
the sample was visually classified and 
standard laboratory tests were made to 
determine the gradation and _ specific 
gravity of the total material, and the 
moisture-density (compaction) charac- 
teristics of the minus No. 4 fraction of 
the total material. The moisture-density 
test used was similar to the A.S.T.M. 
Tentative Method D 698° except that a 
vo cu. ft. compaction cylinder was 
used and the height of hammer drop was 
18 in. In order to simulate the compac- 
tion of the fine material secured by the 
heavy rollers on this project, 35 blows 
per layer were used. 


Consolidation Equipment and Testing Pro- 
cedure: 
The consolidation testing equipment 
involved two sizes of apparatus: an 8-in. 
* Tentative Method of Test for Moisture- Density 


Relations of Soils (D 698 - 42 T), 1949 Book of A.S 
Standards, Part 3, p. 1180. 
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diameter cylinder containing a test 
specimen 3 in. high for testing 1-in. max- 
imum size material and a 20-in. diameter 
cylinder containing a test specimen 8 in. 
high for testing 3-in. maximum size ma- 
terial. These cylinders were adapted 
from the standard permeability-settle- 
ment testing equipment for embank- 
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taining the load. Both pieces of apparatus 
are of similar construction. 

The method of test involves a con- 
solidation determination for test speci- 
mens which are restrained laterally and 
loaded and drained axially. Top and 
bottom porous mediums (porous plates 
in the case of the 8-in. cylinders and 


6 


ELEVATION 


ment materials which are presently used 
in the Bureau of Reclamation labora- 
tory. Figure 1 shows the details of the 
8-in. diameter apparatus which has a 
hydraulic jack for applying the load and 
a spring that is clamped in position for 
retaining the load. Figure 2 shows the 
20-in. diameter apparatus being loaded 
by a 120,000-lb. testing machine. and 
this apparatus has four springs for re- 


é 


INLET AND CLEANOUT PLUGS) 
Fic. 1.—8-in. Diameter Consolidation Apparatus. | af 


SECTIONAL ELEVATION | 


7 


porous plates plus a }-in. layer of coarse 
sand in the case of the 20-in. cylinders) 
allow complete drainage during consoli- 
dation. Strain gages mounted on the sides 
of the cylinders indicate the movement 
of the top bearing places and measure 
the thickness change of the specimens 
during load. Permeameter tubes con- 
nected with the bottom porous plate, 
are used to saturate the specimens and 


4 
| 
| 
> ik 
| REE SECTIONAL PLAN A-A 
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obtain an indication of the permeability 
characteristics. Remolded specimens of 
varying rock content were compacted 
into these cylinders at desired densities 
and moisture contents. The specimens 
were placed in two layers which were 
thick enough to allow compaction of the 
maximum size rock. 

The testing program required many 
consolidation tests. Because of the limi- 
tations in time and equipment available 
for testing, it was not possible to use 


the large apparatus with 3-in. maximum 
rock size for the entire testing program. 
A modified plan was adopted which 
made use of a great number of tests 
with smaller 8-in. diameter equipment 
with material containing 1-in. maximum 
size rock. Sufficient tests using the larger 
equipment and 3-in. maximum size rock 
_ were made for correlation purposes. 
For this modified plan, three grain 
_ size distributions were selected. These 
are shown in Figs. 3, 4, and 5. The term 


Fic. 2.—20-in. Diameter Consolidation Apparatus. 
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“gradation series” as used in this paper 
refers to the series of tests made on a 
material of a particular grain size dis- 
tribution. For tests in the large cylinder, 
material of 3-in. maximum size was 
used; for tests in the smaller cylinders, 
material with the same grain size dis- 
tribution was used, but the rock from 1 
to 3 in. in size was excluded. Each of 
Figs. 3, 4, and 5 show a particular grain 
size distribution for maximum sizes as 
used in the tests. 


i 
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DiscussION OF TEST RESULTS 


A schedule of the consolidation tests 
is shown in Fig. 6. This schedule includes 
three series of tests, each for a different 
grain size distribution so that a variation 
in rock content is obtained. Each series 
includes consolidation tests for three de- 
grees of placement compaction. Each 
placement condition was studied for 
three loadings for the 8-in. cylinder 
tests and one loading, 100 psi., for the 
20-in. cylinder tests. 
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Moisture-Density Tests on the Fine Ma- 
terial: 
The results of the moisture-density 
tests on the fine material are shown in 
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material were 104.7 lb. per cu. ft. and 
20.0 per cent, respectively. A placement 


mum, which was in the approximate 
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Fig. 7. The 35-blow per layer compac- 
tion was used, as it represented the en- 
ergy of roller compaction which was 
being used in the field. The maximum 
density and optimum moisture of this 


range of desirable field control, was se- 
lected for the consolidation studies. 
This gave a placement moisture of 18.0 
per cent and a corresponding placement 
density of 103.5 lb. per cu. ft. eg 
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‘Theoretical Placement Densities for the 
Material Containing Rock: 


Figure 8 is a graph showing the theo- 
retical densities for various percentages 


density in this paper for the rock con- 
tents under consideration. The lower de- 


grees of compaction are shown as 90 and 
80 per cent of this density. That is, the 
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Gradation of 1-in. maximum used 
for 8-in. cylinder 

Gradation of 3-in maximum used 
for 20- in. cylinder 


Soil is prepared to 180 per cent 
moisture. Rock prepared to 
soturated-surface-dry condition 


Compacted at 
Theoretical Density 
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Fic. 6.—Schedule of Consolidation Tests. 


er of rock and degrees of placement com- 

paction. The maximum soil rock density 
a is based on a density of 103.5 lb. per cu. 
ft. for the fine material and a specific 
gravity of 2.52’ for the rock. This is re- 
ferred to as the 100 per cent theoretical 


vity of 2.52 which was used for the 
rock material in this study is the “bulk specific gravity 


theoretical 100 per cent density is the 
unit weight of the soil-rock mixture when 


(saturated surface-dry basis)” 


as described in A.S.T.M. 


Method of Test for Specific Gravity and Absorption RY 


Coarse Aggregate (C 127 - 42) 


Standards, Part 3, p. 


dicated that a “bulk s 


1949 Book of A 


782. This would be the ‘specific 
gravity of the rock material when the normal voids con- 
tained water. Later news regarding this item have i in- 


cific gravity”’ as described i 


in the 


pone | bp would have been more proper as it would be the 


vity of the dry rock and would indi 
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the minus No. 4 soil completely fills the tinuous solid line curves which cross 
space between the rock particles and soil below the theoretical density curves. 
has a density of 103.5 lb. per cu. ft. Lines through the unit weight of rock, 

There are physical limitations of the 103.9 lb. per cu. ft. for 3-in. maximum 


MOISTURE-PENETRATION RESISTANCE CURVE 


L-4-35 blow 
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3Layers 1047 Mox. dry density(Ib per cu ft) 
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18in. drop 900 Pen. res at opt. moist (PS!) 


Fic. 7.—Compaction Test Curves. 


theoretical 100 per cent density com- and 92.3 lb. per cu. ft. for 1-in. maximum, 
paction. In Fig. 8, the weight of the cross the “weight of rock curve” at 74 
rock and the weight of the soil in 1 cu. and 68 per cent rock, respectively. 
ft. of soil-rock mixture compacted totheo- Therefore, physical limitations show that 
retical density are shown by the con- 
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be obtained for rock contents above 74 bility rates which were obtained during 
per cent for 3-in. maximum size ma-_ the saturation period were determined. 
2 terial and above 68 per cent for 1-in. In general, saturation of this material 
maximum size material. had very little effect on consolidation. 
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T T T T 

%e=Unit wt. of soil-rock mixture. 
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7, =Unit wt. of solid rock (sp.gr=2.52) 


r P =percent rock = 100 - 
Nf 


a\ 2 
As + 


| LANIN 
3-in. Maximum 
Unit we 
I- in. Maximum 


ORY WEIGHT, LB. 


Ax 
of 
40 
S 
€ 
ENS 
20 Ka 
0 
8) 20 40 60 80 


zs re Consolidation Tests: The tests which did show some effect of 
saturation did not show a definite trend, 


for th : , diti and there is the possibility that much 
or the various placement conditions, oF this additional consolidation from 


degrees of compaction, and loading saturation was a result of the loosening 
_ pressures in terms of per cent of initial up of a local bridging condition that oc- 
volume. The amount of consolidation casionally occurred in the coarser ma- 
, before and after saturation and permea- terials. In regard to the pore pressure 


The consolidations were determined 
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studies which were subsequently made 
on the consolidation results, the most 
critical consideration would be to apply 
the maximum final consolidation to the 
pore pressure calculations. Therefore, 
the pore pressure results which are dis- 
cussed in the later parts of this paper 
are based on the final consolidation ob- 
tained on all specimens. The consolida- 
tion tests results are shown in Table I. 
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the specimens which were compacted at 
80 per cent densities to be more pervious 
than those tested at higher densities. 
The occurrence of piping is very prob- 
able in some of the specimens which 
showed extremely high permeability 
rates. In general, the permeability of the 
material was found to be low except for 
some specimens of low placement densi- 
ties with high rock contents which were 


TABLE I—SUMMARY OF CONSOLIDATION TEST DATA. 


— ey: 
8 Consolidation, per cent of initial volume 
3 38 
3 58 8s & 5 ~ as ‘3 a 150 psi. psi. 50 psi. 
~| $8] 48) 22) 22) Be | 
| pS | 88] ot | | ot | 
a a = = = = = 3 
No. 1 8 100 25 113.0 14.5 6.5 6.5 4.7 4.7 3.0 3.4 0.01 0.35 | 0.30 
* 8 90 25 102.0 14.5 14.0} 14.7 9.4 12.4 1.8 6.8 0.10 | 0.14 0.75 
- . 8 80 25 90.5 14.5 22.6 23.8 | 22.0] 22.0 16.7 16.7 0.21 0.39 2.43 
20 100 40 | 120.0 12.4 2.6 3.9 0.98 
20 80 40 96.0} 12.4 15.5 17.3 2.36 
No. 2 8 100 40 | 120.0] 12.4 2.6 2.6 2.3 2.3 0.5 0.5 0.02 _ 0.052 
8 90 40 108.0 | 12.4 9.2 9.2 6.1 6.1 4.7 4.7 0.18 | 0.46 11.82 
8 80 40 96.0 12.4 17.1 17.1 11.4 16.9 14.2 14.2 3.44 0.33 | 298.10 
20 100 56 128.0 10.1 - 1.3 1.4 1.46 
20 90 56 115.0 10.1 3.6 5.2 1.60 
20 80 56 102.5 10.1 10.9 13.4 ~ 38.95 
No. 3 8 100 54 127.0 10.4 1.5 1.5 0.8 0.8 0.5 0.5 0.40} 0.35 0.05 
8 90 54 | 114.2 10.4 2.7 4.3 1.3 3.0 0.7 1.0 | 151.38 | 27.29 2.94 
8 80 54 | 101.5 10.4 11.0 | 14.0 7.9] 12.0 2.1 9.7 | 74.99 | 29.49 | 28.13 
20 100 70 136.0 8.1 0.9 1.0 0.71 
20 90 70 | 122.4 8.1 1.3 1.5 99.40 
20 80 70 | 109.0 8.1 6.3 7.7 37.11 


Permeability Test Results: 
The permeability rates obtained are 
considered to be only approximate be- 
cause of the short time period available 
for saturating the specimens and of the 
piping difficulties which occurred in some 
of the tests. Many of the specimens were 
found to be of low permeability. They 
were generally those representing ma- 
terials of lower rock contents which were 
tested under higher applied pressures. 
There was a tendency for samples 
having higher rock contents to be 
pervious. There was also a tendency for 


of greater permeability. The permea- 
bility test results are shown in Table I. 


Pore Pressure Calculations: 


The pore pressure calculations were 
very similar to those made in placement 
moisture control investigations of fine 
material.® The following equations are 
used in the calculations: i 


where: 

f = total stress (fill load), 

j = effective stress (grain to grain pres- 
sure, causing consolidation), and 


“u = pore pressure. 
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(Vat _ 

Veo + hV » 


= pore pressure after consolidation 

(gage pressure), 

initial pore pressure (usually con- 

____ sidered as atmospheric pressure— 

absolute pressure)—since the al- 

titude ~of the Jackson Gulch 

Damsite was 7800 ft., uw, in this 

study was 11.0 psi. 

Veo = initial volume of free air in the 

: soil mass in per cent of total 

initial volume, 

Vee = consolidated volume of free air 

in the soil mass in per cent of 
total initial volume, 

= Vao — Vac = volume change from 

consolidation in per cent of total 
initial volume, 

V. = volume of water in the soil mass 
in per cent of total initial volume, 
and 

= capacity of water to dissolve air 
from Henry’s law (approximately 
0.02). 

Equation 1 shows a simple relation be- 

tween total stress and effective stress, 

Eq. 2 is the pore pressure equation shown 

by L. W. Hamilton,’ and Eq. 3 is similar 

to Eq. 2 but is expressed in a slightly 

different manner for easier use.* Equa- 

tions 2 and 3 are based on Boyle’s law for 


containing air, water, ‘and soil solids is 
loaded without permitting drainage, it 
_ will consolidate, and the consolidation 
occurs as volume change in the air. The 
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air will not only develop pressure ac- 
: 


4 
cording to Boyle’s law, but it will dis- 


solve in water according to Henry’s law 
by a weight proportional to the pressure 
and to the volume of water present. 

The one-dimensional consolidation 
tests, as conducted for this study, allow 
complete drainage and, therefore pro- 
vide consolidation data for effective 
pressures of 50, 100, and 150 psi. From 
this information, calculations were made 
to determine the total applied pressures 
(pore pressure plus effective pressure) 
necessary to produce the same consoli- 
dation that would occur if the soil were 
sealed. By interpolation between the 
consolidation data of these /olal pres- 
sures, the data for fotal pressures of 50, 
100, and 150 psi. were determined. 

From the large cylinder test results, 
only the data for effective pressures of 
100 psi. were obtained; and, therefore, 
the data for total pressures of that 
amount which require interpolation could 
not be established. However, the per 
cent pore pressure has been determined 
for consolidation data due to the effec- 
tive pressures for approximate com- 
parisons to the 8-in. cylinder tests. 


Pore Pressure Development Curves: 


Figures 9, 10, and 11 are graphs show- 
ing the consolidation results and the 
degrees of pore pressures which would 
develop for assumed sealed conditions. 
This assumption, which provides the 
most critical pore pressure interpretation 
was used in the computations, since 
many of the specimens were of low per- 
meability. The graphs show the results 
obtained from tests on material com- 
pacted to initial densities of 100, 90, and 
80 per cent, respectively, of the theo- 
retical density shown in Fig. 8. 

The basic grid system of these graphs 
represents dry density in the vertical 
direction and per cent rock in the hori- 
zontal direction. Superimposed on the 
scale for per cent rock is a scale of per 


i] 
1352 
| 
4 
a 
y 
mper: assumption 
| 


+ 


Gress ON Errect oF Rock CONTENT AND PLACEMENT DENSITY 1353 


cent moisture in the total material. 
These scales are directly related. Since 
the minus No. 4 material is at a constant 
moisture of 18 per cent and the plus No. 


140 


figure represents the placement condi- 
tions and is obtained from the theoretical 
curves of Fig. 8. The nearly parallel 
lines above this placement condition 
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Fic. 9.—Pore Pressure Developmerit Curves 100 per cent Density Placement. 


4 material is considered to have a con- 
stant absorption of 3.9 per cent, the 
change in moisture content of the total 
material depends only on the change in 
rock content. 

The bottom diagonal line in each 


represent the densities which would be 
obtained for various percentages of 
consolidation. For example, in Fig. 11, 
at a rock content of 35 per cent the 
placement moisture content of the total 
material will be 13.08 per cent and the 
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placement dry density, 80 per cent of In a sealed mass when the consolida- 
theoretical, will be 94.0 lb. per cu. ft. tion is of such an amount that the air is 


Effective pressure 100psi. 
cylinder test... 
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When 10 per cent consolidation takes compressed to a volume which will be 

place, the consolidated density will be totally dissolved by the water, according 

104.6 lb. per cu. ft. to Henry’ s law, the material will be 100 
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Per cent rock vs Consolidation Density Gurves of indicated 


opplied pressures 
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per cent saturated. Percentages of con- 
solidation and consolidated densities at 
which this will occur are shown for each 
figure by the heavy lines labeled 100 per 
cent saturation curve. Furthermore, the 
pore pressure developed in the sealed 
mass can be calculated for any point 
between the placement curve and the 
100 per cent saturation curve by the use 
of Boyle’s and Henry’s laws. Continuing 
with the example in the above paragraph, 
100 per cent saturation will occur when 
the sample is consolidated 24.8 per cent 
to a density of 125.2 lb. per cu. ft. 

Superimposed on these graphs are the 
plottings of the percentages of consolida- 
tion which were obtained for the dif- 
ferent tests. A series of curves (solid 
lines) for each graph have been drawn 
through these plottings and represent 
the percentage of consolidation and 
consolidated densities obtained for the 
different loading pressures of 50, 100, 
and 150 psi. These curves are labeled in 
the figures by the loading pressures they 
represent. Since the test allows complete 
drainage, the consolidations shown by 
these curves are for effective (grain to 
grain) pressures. These curves have been 
plotted from the results of the 8-in. 
cylinder tests and are for material of 1- 
in. maximum size. For example, in Fig. 
11, at the rock content of 35 per cent, 
the curves show that effective pressures 
of 50, 100, and 150 psi. would cause 
consolidations of 14.6, 18.6, and 20.2 
per cent and consolidated densities of 
110.3, 115.5, and 118.0 lb. per cu. ft., 
respectively. The consolidation results 
of the 3-in. maximum material are shown 
for the effective pressure of 100 psi. 
by the dash-dot line labeled 20-in. 
cylinder tests. 

By combining the effective consolida- 
tion pressures of 50, 100, and 150 psi. 
with the pore pressures that would be 
developed under sealed conditions for 
the respective consolidations, the total 
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cent for 30 per ce 


pressures necessary to produce the same 
consolidation of the material under 
sealed conditions are obtained. Then, 
by interpolation, the consolidation per- 
centages can be determined for total 
pressures of 50, 100, and 150 psi. These 
are shown in the graphs by dashed lines 
labeled with their respective total pres- 
sures. For the same rock content a 
shown above, 35 per cent in Fig. 11, the 
curves show that fofal pressures of 50 
100, and 150 psi. would cause consolida 
tions of 13.3 17.1., and 19.1 per cent and 
consolidated densities of 108.5, 113.5, 
and 116.4 lb. per cu. ft., respectively. 
The total pressure line could not be 
drawn for the large 20-in. cylinder test 
results because the single effective pres- 
sure line of 100 psi. did not provide 
enough data for interpolation. 

Pore pressures, in per cent of total 
load, are shown by the heavy dashed 
lines which cross the total pressure (thin 
dashed) lines. Also, the pore pressures in 
per cent of total load are indicated along 
the effective 100 psi. pressure line for 
the 20-in. cylinder test results. 

The actions of consolidation and cor- 
responding pore pressure development in 
soil-rock mixtures assuming sealed con- 
ditions may be demonstrated by the 
diagrammatic drawings of Fig. 12. These 
drawings have been made to scale for 
rock contents of 30, 40, and 50 per cent 
from the test results shown in Figs. 9, 
10, and 11. For each of the placement 
conditions the total of the non-compres- 
sible volumes, which include rock solids, 
soil solids, and water, and the compres- 
sible volumes, which include the free air 
and the dissolved air (2 per cent of the 
water volume), are shown. As the rock 
content increases, the pore pressure 
developed by consolidation decreases 
considerably. For example, at 80 per cent 
density placement and 100 psi. loading, 
the developed pore pressures are 28 per 
nt rock, 19 per cent for 
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40 per cent rock, and 13 per cent for 50 
per cent rock. The reduction in pore 
pressure as rock content increases is 
caused by reduction in consolidation. It 
is important to note that the reduction 
in consolidation is more than can be 
accounted for by the displacement of 
compressible soil by solid rock and that 
particle interference of the rock is an 
important factor in reducing the con- 
solidation of the total material. 


TABLE II.—MAXIMUM PROBABLE PORE 


PRESSURE DEVELOPED IN THE SOIL- 
ROCK MIXTURES, ASSUMING 
_ SEALED CONDITIONS. 


Degree of Pore Pressure, per cent of total load 
Compac- (Range of pore pressure for respective 
tion, per range of rock content) 


1-in. maximum size rock—Range of rock content, 25 


to 55 per cent® 
100 as 20 to 0 14 to 0 16 to 0 
29 to 3 15 to 2 12 to2 
ESS 36 to 9 33 to 11 28 to 13 
3-in. maximum size rock—Range of rock content, 40 to 70 
per cent® 
12 to 2 


® The ranges of rock content shown are those used in 
testing materials of the respective maximum sizes. Com- 
parisons of materials for the various rock contents are 
shown in Tables III and IV. 


The drawings of Fig. 12 further dem- 
onstrate that the material will have a 
greater probability of developing pore 
pressures when stressed if it is placed at 
low degrees of compaction. For example, 
at 30 per cent rock content and 100 
psi. loading, 80 per cent density material 
developed 28 per cent pore pressure; 90 
per cent density material, 12 per cent 
pore pressure; and 100 per cent density 
material, 10 per cent pore pressure. The 


_ reason for this is that the proportion of 
_ initial air volume to consolidated air 
volume is greater in the 80 per cent 


density material than in the materials 


at the higher placement densities. Con- 


sidering only the free air volume, the 
relation discussed above may be ob- 
served in Fig. 12. For example, at 30 
per cent rock and 100 psi. loading, 80 
per cent density material with an initial 
free air volume of 0.34 has a consolidated 
air volume of 0.10 and 90 per cent density 
material with an initial free air volume 
of 0.19 has a consolidated air volume of 
0.09. The proportion of initial volume to 
consolidated volume is greater for the 


). 
80 per cent density material ( a 


3.40) than for the 90 per cent density 
material (5-55 = 2.11}. This relation 


may be readily observed in Eq. 2. 

The above pore pressure conditions 
may be relieved somewhat because of 
higher permeability tendencies for the 
lower degrees of compaction; but, since 
most of the permeability values were 
still quite low, the most critical pore 
pressure condition would be for the 
assumption that material is sealed. 

The consolidation and pore pressure 
results, for comparing the effects of the 
different testing conditions, are sum- 
marized in Tables II, III, and IV. The 
conclusions which follow are based on 
the results shown in these tables and in 
Fig. 12. Table II summarizes the pore 
pressure values in per cent of total load 
for the ranges of rock contents studied 
and shows the effect of various loading 
pressures and various degrees of com- 
paction. The consolidation and pore 
pressure data for 1-in. and 3-in. maxi- 
mum size materials are compared in 
Tables III and IV, respectively. They 
are arranged for comparisons by grada- 
tion series or rock content. The pore 
pressure values, shown for the 3-in. 
maximum size material, are from the 
effective 100-psi. pressure line, since 
the total pressure line could not be 
drawn. However, based on the observa- 
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tions of the 8-in. cylinder tests, the 
ranges of values are reasonably accurate 
for the purpose of comparison. 


CONCLUSIONS 


1. The testing procedure discussed 
herein proved applicable for demon- 
strating the actions of consolidation and 


amount of rock is increased. This is 
true, as shown by the test results, be- 
cause the consolidation of the total 
material is restricted as the rock content 
becomes greater. The restriction of con- 
solidation is greater than can be ac- 
counted for by the solid rock volume 
displacing compressible soil. 


TABLE III.—CONSOLIDATIONS FOR 100 PSI. EFFECTIVE PRESSURE AT VARIOUS ROCK CONTENTS FOR 
COMPARING EFFECT OF GRADATIONS AND MAXIMUM SIZES OF ROCK. 


Consolidation, per cefit of initial volume 


100-per cent Density 


90-per cent Density 


80-per cent Density 


1-in. 
maximum 


3-in. 
maximum 
Size 


Gradation 


maximum 


3-in. 3-in. 


maximum 


1-in. 
maximum 
size 


Gradation Gradation 


size 


Sen, 


Ity 


“Ties Ir 


TABLE IV.—MAXIMUM PROBABLE PORE PRESSURE DEVELOPED IN THE SOIL-ROCK MIXTURES, FOR 
100 PSI. LOAD ASSUMING SEALED CONDITIONS, FOR COMPARING EFFECT OF GRADATIONS 
AND MAXIMUM SIZES OF ROCK. 


Pore Pressure, per cent of total load 


100-per cent Density 


90-per cent Density 


80-per cent Density 


1-in. 
maximum 
size 


3-in. 
maximum 


1-in. 
maximum 
size 


Gradation 


maximum 


3-in. 1-in. 
Gradation | maximum Gradation 


size 


= 
Sens 


pore pressure development in soil-rock 
mixtures. The test is perhaps too long 
to be standardized for the analysis of 
all soil-rock mixtures but is useful for 
similar special studies. However, the 
generalized information gained from this 
study has application to all soil-rock 
mixtures. 

2. The probability of high pore pres- 
sure decreases considerably as_ the 


3. The calculated pore pressures for the 
sealed conditions under load were con- 
siderably higher for material placed at 80 
per cent density than at 90 and 100 per 
cent density. This was caused by the 
large quantities of consolidation for the 
material at 80 per cent density, in spite 
of the fact that this material was less 
saturated and had greater compressi- 
bility in the pore fluid. This pore pressure 
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condition might be relieved somewhat 
by the probable greater permeability of 
the material at 80 per cent density. 
However, the permeability rates were 
low for some specimens, and a most 
critical pore pressure study would be 
to assume the sealed condition. 

4. When the rock contents were 25 
per cent and greater and applied pres- 
sures were 150 psi. or less, the pore pres- 
sure of this material was found to be 
not greater than 36 per cent. This value 
is based on a moisture content of 18 per 
cent for the fine material and an absorp- 
tion of 3.9 per cent for the rock. 

5. The comparisons of tests on the 1-in. 
and 3-in. maximum size mixtures in- 
dicate the following: 

(a) For each gradation series, the 3-in. 
maximum size material showed less 
consolidation and either the same or less 
pore pressure than the 1-in. maximum 
size. This is mainly attributed to the 
fact that the higher rock content for the 
3-in. maximum material caused a de- 
creased consolidation. Although the 
moisture content was decreased as rock 
content increased, the greater densities 
actually decreased the compressible vol- 
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ume of air and this would have tendencies 
toward higher pore pressure. Therefore, 
since the test results showed that the 
pore pressure for the 3-in. maximum 
material was the same or less than for 1- 
in. maximum material, the decrease in 
consolidation for higher rock content 
had the greatest influence on the pore 
pressure calculations. 

(b) For equal total rock contents, the 3- 
in. maximum size material showed 
greater consolidations and greater pore 
pressures than the 1-in. maximum size. 
This may be attributed to the fact that 
the 3-in. maximum size material is 
better graded and more adaptable to a 
dense arrangement of particles than 
the 1-in. maximum size. That is, the 1-in. 
maximum size was more uniform in its 
coarse sizes and was probably subject 
to more particle interference. etc = 

Acknowledgments: 


The author thanks Mr. W. G. Holtz 
for presenting the paper at the A.S.T.- 
M. Pacific Area National Meeting, and 
Mr. Holtz and Mr. A. A. Wagner for 
their helpful suggestions and criticisms 
in preparation of the paper. 


2 wie a6 


Mr. W. J. Turnsutt! (presented 
in written form).—Mr. Gibbs has selected 
a very important phase of soils testing 
for his practical research investigation. 
A greater knowledge of the effects of 
pore pressure on the strength of soils is 
certainly needed. In particular, the dem- 
onstration that pore pressures can be 
developed in such basically stable ma- 
terials as the soil-rock mixtures is con- 
sidered very important. The develop- 
ment of the method used by Mr. Gibbs 
and by other Bureau of Reclamation engi- 
neers is believed to be an important step 
forward. The lack of knowledge on the 
actual pore pressures developed in pro- 
totype structures is a gap which must be 
bridged before it can be said that we 
are using principles of soil mechanics in 
rational design procedures. In numerous 
instances, soils engineers are somewhat 
deluding themselves that they are using 
rational design even though the infor- 
mation on pore pressures in the labora- 
tory test and in the prototype is sketchy 
or completely lacking. 

The study by Mr. Gibbs on a specific 
soil mixture covering ranges in amounts 
of the coarse material as well as a range 
in degree of compaction furnishes, at the 
least, valuable qualitative information. 
This study demonstrates and accentu- 
ates the great need for detailed correla- 
tion between the laboratory and the field 
so that more information of a quanti- 
tative nature is forthcoming. With 
laboratory-field correlation, the test pro- 
cedure followed by Mr. Gibbs would 
have great value as a laboratory test, in 
spite of the difficulty and expense of con- 
ducting it. This difficulty and expense 


1 Chief, Soils Div., Waterways Experiment Station, 
Corps of Engineers, Vicksburg, Miss. 
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would readily be offset by the knowledge 
gained. It is the opinion of the writer 
that in too many cases the soils engineer- 
ing profession is striving for simple, 
empirical tests. This is certainly all to 
the good as far as accomplishing specific 
projects; however, the need for basic in- 
vestigations is very apparent, and any 
type of laboratory test which can be 
conducted to furnish basic information 
on pore pressure and its correlation from 
laboratory to prototype can be readily 
justified. 

Mr. R. G. HEnneEs.*—I wonder how 
the author’s data might have looked had 
pore pressures been expressed as func- 
tions of the actual pressure on the ma- 
trix, or filler material, rather than as per- 
centages of total load. 

When the coarse aggregate constitutes 
the greater part of the total volume of 
the fill, it may be assumed that the inter- 
locking rock fragments form a relatively 
stiff framework or skeleton, which will 
carry a disproportionately large portion 
of the imposed load, while the sheltered 
filler material remains unconsolidated. 

That sort of situation is not uncom- 
mon in natural soil deposits. Recent 
samples from a mill site on Vancouver 
Island were characterized by clay-filled 
pores in rather coarse gravel. The water 
contents of this clay were much higher 
than the values corresponding to the 
weight of the overburden despite the 
probability that time and drainage con- 
ditions were adequate to permit for com- 
plete consolidation. Probably consolida- 
tion really was substantially complete 
under the lesser percentage of overburden 
pressure which was actually transmitted 


? Professor of Civil Engineering, University of Wash- 
ington, Seattle, Wash. 
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to the filler material. The rest of the over- 
burden was carried by the relatively in- 
compressible gravel. 

The author stated that the decrease in 
consolidation with increasing rock con- 
tent was more than could be accounted 
for by the displacement of soil by rock. 
If the rock carried relatively more load 
than its proportionate part of the total 
volume, it did so only because the rock 
structure was stiffer than the interspersed 
clays. 

Data on stress in the matrix would 
form an interesting supplement to this 
valuable paper. 

Mr. W. G. Hotrtz.*—In this particular 
dam, as in the designing of most dams, 
certain assumptions were made as to the 
behavior of the materials being used. In 
this case two assumptions were of pri- 
mary importance: (1) The permeability 
of the clayey soil-gravel material, and (2) 
The consolidation and pore pressure 
characteristics of the material. The re- 
sults of the tests contained in Mr. Gibbs’ 
paper supported the assumptions made; 
that is, (1) the permeability of the ma- 
terial would not be extremely low, with 
the relatively high rock contents of this 
material and, because of the drainage 
thus obtained, there would be less likeli- 
hood of high total pore pressures de- 
veloping during construction; and, (2) 
the consolidation, and accompanying 
pore pressure development, would not be 
critical because of the high rock content. 
I should like to emphasize further at 
this time what Mr. Turnbull has said 
with regards to the need for more in- 
formation to bridge the gap between 
laboratory tests and actual field per- 
formance. However, I should like to 
make this point clear with respect to the 
actual measurement of pore pressures in 
our earth structures. The Bureau of Rec- 
lamation has built quite a number of 


* Head, Earth Materials Lab., U. S. Bureau of Rec- 
lamation, Denver Federal Center, Denver, Colo. 
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large earth dams during the past several 
years. Since about 1940 we have in- 
stalled a large number of settlement and 
pore pressure measuring instruments in 
these structures. The results of some of 
these measurements are described in the 
article by F. C. Walker and W. W. Daehn, 
Proceedings of the Second International 
Conference on Soil Mechanics and Foun- 
dation Engineering, (footnote 4 of paper). 
From these measurements we have 
worked out correlations between the field 
pore pressure and consolidation values 
and the values secured in the labora- 
tory, and in many cases have worked out 
limiting placement moisture controls to 
reduce construction pore pressures.‘ 

Mr. H. J. Gress (author’s closure by 
letter) —-The author welcomes Mr. Turn- 
bull’s comments regarding the need for 
more correlation between field and labo- 
ratory testing as this is something needed 
in all phases of soil mechanics. Founda- 
tion and embankments are designed and 
constructed on the basis of theoretical 
assumptions, and too frequently the ob- 
servations of the action of the proto- 
type are neglected. In answer to this Mr. 
W. G. Holtz mentioned the work which 
the Bureau of Reclamation has done in 
observing consolidation and pore pres- 
sure conditions which exist in actual 
structures. In addition to the reference 
given by Mr. Holtz, I would like to 
mention another paper titled ‘‘Com- 
parison Between Laboratory Test Re- 
sults and Behavior of Completed Em- 
bankments and Foundations” by F. C. 
Walker and W. G. Holtz, presented at 
the 1950 Spring Meeting of the American 
Society of Civil Engineers, Los Angeles, 
Calif., April, 1950. 

The author wishes to present the fol- 
lowing views in answer to Mr. Hennes’ 
discussion. For a certain soil-rock condi- 


‘W. G. Holtz, “The Determination of Limits for the 
Control of Placement Moisture in High Rolled in 
Dams,’’ Proceedings, Am. Soc. Testing Mats., Vol. 

p. 1240 (1948). 
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tion having low permeability and having 
certain placement density and moisture, 
the pore pressure is dependent only on 
the volume change. Since the rock par- 
ticles are not considered to have volume 
change, the consolidation occurs in the 
soil matrix. In the paper, the pore pres- 
sures (in unit pressure dimensions) were 
determined from the volume changes in 
the total material resulting from applied 
load. Correlative with this, for the above 
reason, the same pore pressure would re- 
sult if volume changes in the soil matrix 
only were considered. However, it is 
general practice in the Bureau to report 
pore pressure in per cent of total ap- 
plied load since this indicates the por- 
tion of the load being carried by the pore 
fluid in comparison to the portion being 
carried by solid material, whether it be 
soil-rock or just soil. Therefore, if the 
pore pressures were stated as a function 
of the pressure occurring in the soil 
matrix, the portion of the load carried 


ia 
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by the soil-rock structure would not be 
justly represented. The fact that the rock 
structure in case of high rock content 
carries a large portion of load is a valu- 
able item in reducing pore pressure, as 
consolidations are reduced a greater 
amount than that accounted for by dis- 
placement of compressible soil by rel- 
atively incompressible solid rock. 

The example of the mill site on Van- 
couver Island stated by Mr. Hennes 
demonstrates the ability of the rock 
structure in reducing consolidation 
(probably by bridging of rock particles) 
and reducing pore pressure. The water 
content of the clay matrix was greater 
than that which would result after com- 
plete consolidation of the clay if the 
total overburden pressure had been 
exerted on it alone. Therefore, the author 
is in agreement that the incompressible 
rock was carrying a large portion of the 
overburden and reducing the overburden 


carried by the clay matrix. 
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SYNOPSIS 


The problem of investigating deposits of rock and gravel in the plains area 


Montana, Wyoming, and Colorado) is outlined. The electrical resistivity 

method as applied to the solution of this problem by the Bureau of Reclama- 

rl tion is discussed. Techniques and simplified apparatus are described (Appen- 

_ dix). The usefulness of the resistivity method in supplementing and guiding 

drilling in the exploration of such deposits is demonstrated by examples of 

actual investigations. Cost data are presented. It is concluded that in deposits 

of similar materials, the electrical resistivity method provides an effective, 

quick, and economical means of determining depths, delineating the extent, 
and estimating the quantities of materials involved. 


As a general rule, rock deposits and 


sand and gravel deposits for use as 


construction materials are not difficult 


to find in most parts of the United 
- $tates and do not very often present 
unusual problems in their investigation 


and exploitation. A notable exception 
to this is found in the plains region, 
comprising the Dakotas, Nebraska, Kan- 
sas, Oklahoma, and the eastern portions 
of Montana, Wyoming, and Colorado. 


In this large and fairly level area, hard 


rock and gravel deposits near the surface 


of the ground are extremely scarce. 


When they occur, they are usually of 
marginal quality and variable in hard- 
ness, thickness, and extent. Often such 
materials have to be shipped in for 
hundreds of miles from outside this large 
area; but, occasionally, a deposit is 
found which offers promise of being 

* Presented at the Session on Soils held at the First 
Pacific Area National Meeting of the Society, San Fran- 


cisco, Calif., October 10-14, 1949. 
1 Engineer, Materials Investigations and Field Re- 


- gearch, and Geophysicist, Geology Section, respectively, 


Bureau of Reclamation, eaten Colo. 


useful on an adjacent project, thus 
saving the high cost of importing ma- 
terials. 

The variable character of these de- 
posits makes an evaluation of the varia- 
tion in quality, the mapping, and the 
estimating of quantities of useful and 
waste material very difficult and costly. 
Drilling such deposits to obtain complete 
information is out of the question, inas- 
much as there is no assurance that the 
condition found at any given drill hole 
is valid even as little as 10 ft. away. 
Faced with such a problem, it was de- 
cided to try the electrical resistivity 
method of geophysical investigation in an 
attempt to determine the variations in 
thickness and lateral extent of such 
deposits, thus reducing the amount of 
drilling and permitting the location of 
drill holes where they would supply the 
most information. The drill holes, in 
turn, would then supply the control for 
the geophysical measurements and pro- 
vide core samples that would permit an 


~~ — ELECTRICAL RESISTIVITY METHOD APPLIED TO THE INVESTIGA- | 
TION OF CONSTRUCTION MATERIALS DEPOSITS* 
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Fic. 1.—Ludell Quarry Outcrop, 
County, Kans. Massive Bed of Hard Silicified 
Sandstone. Extent of Deposit Not Visible from 


Rawlins 


Surface Examination. 


evaluation of the quality of the material 
involved. In the case of gravel deposits, 
test pits are substituted for drill holes. 


method has not been used previously 


deposits, and it is hoped that the discus- 


Fic. 2.—Herndon Quarry Outcrop, Rawlins County, Kans. Comparatively Soft Silicified Sandstone 
 Tilustrating Discontinuous and Variable Character of Rock and Heavy Overburden. Extent 
of Deposit Not Visible from Surface Examination. 


As far as is known to the authors, this 


in the exploration of this type of rock 


sion and data presented in this paper 
may be useful to other engineers engaged 
in similar work. 


MATERIALS AND METHODS 


Most of the marginal rock deposits, 
referred to above, are composed of what sy 
is locally known as “quartzite,” although 
petrographically, they are silicified sand- __ 
stones which vary in hardness. In some — 
instances, these are sufficiently hard to : 
be considered as potential sources of 
riprap or crushed blanket materials in 
the construction of dams and other irriga- E 
tion structures. The rock ranges, as a 
rule, from very soft sandstone to hard 
silicified material. In profile, the thick- 
ness varies considerably and changes 
rather rapidly from a usual maximum 
of possibly 8 to 10 ft. to as little as 2 or 
3 in. This variation is also in evidence 
laterally as the rock narrows down and 


other times, covers extensive areas. ‘a 
most instances, the rock has visible 
outcrops, but is usually covered with a 
comparatively heavy overburden within 
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pinches out rather frequently and, at 
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a very short distance from the face 
(Figs. 1 and 2). In fact, the thickness of 
the overburden is frequently greater than 
the thickness of the rock. This may be, 
at times, an important economic con- 
sideration. 

The origin of these silicified sandstone 
deposits, which are fairly common in 
western and central Kansas and ad- 


ABDUN-NUR AND WANTLAND 


deposited in channels), likewise suggests 
such an origin. These factors are signif- 
icant in interpreting the drilling and 
resistivity data and in estimating the 
available yardage of rock, as continuity 
of the desposit laterally or in thickness 
cannot be safely assumed except over 
short distances or between closely spaced 
control points. 


Fic. 3.—“Quartzite” Deposit “D” Near Akron, Washington County, Colo. Dotted Line Shows 
Sinous Nature of Outcrop. 


jacent parts of Nebraska and Colorado, 
is not certain (1).2 There is evidence that 
the silicified rock deposits are remnants 
of material laid in old braided stream 
channels. The sinuous course of such 
deposits, evident in many cases (Fig. 
3), coupled with the fact that they appear 
to be lenticular in cross-section with 
sharp boundaries (as they would be if 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1378. 


The resistivity method, which is known 
to many engineers, uses as its basis the 
fact that the electrical resistance or 
resistivity of different natural materials 
(clays, sands, gravels, shales,- various 
types of rocks, etc.) is a physical prop- 
erty which characterizes them almost 
as definitely as their density. The 
measurement of the resistivity of such 
materials, in their natural state, affords 
|| 
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therefore an opportunity for distinguish- 
ing one type from another without mak- 
ing a physical excavation to expose the 
materials in question. The resistivity 
method is, in effect, a field application of 
the well-known Ohm’s law and depends 
on the relationship of current, resistance, 
and voltage. It consists in passing and 
measuring an electrical current through 
the ground by means of two current 
electrodes. At the same time, the voltage 
difference is measured at two other 
points located between the current 
electrodes. The arrangement of the appa- 
ratus for field measurements is shown 
diagrammetrically in Fig. 4. Figure 5 is 
a photograph of the actual equipment. 
The relationships of the voltage, the 
current, and the distance separating 
the electrodes permit a calculation of 
the resistivity. The volume of material 
through which the current passes is 
proportional to the distance between the 
electrodes. Therefore, the depth of the 
material included in the measurement is 
proportional to the distance between the 
electrodes. It has been found that the 
effective depth of measurement is roughly 
of the same order as the electrode separa- 
tion. The application of this method and 
the simplified equipment adopted by 
the Bureau of Reclamation are de- 
scribed in detail in the Appendix. 

The electrical resistivity method may 
be used to make: (a) resistivity depth 
measurements at a selected point, or 
(b) fixed-depth resistivity traverses along 
a given line. In the resistivity depth 
measurement, the electrode spacing is 
progressively increased to pick up 
changes in resistivity with depth at a 
point and may be likened to “electrical 
drilling.” The fixed-depth resistivity trav- 
erse in which the electrodes are main- 
tained at a fixed spacing while being 
moved along a line, thus indicating the 
lateral changes in materials, as contrasted 
with the vertical changes in the re- 
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sistivity depth measurement, may be 
likened to “electrical trenching.” 

APPLICATIONS OF THE RESISTIVITY . 

METHOD TO THE INVESTIGATION 
oF Rock Deposits 
Fremont Butte “‘Quartzite” Deposit (Colo.): 

The first trial of the resistivity method 
by the Bureau of Reclamation, for the 
purposes described in this paper, was 
made at Fremont Butte, eight miles 
northwest of Akron, in northeastern 
Colorado, in April, 1948. Drilling at 
this location had indicated the variable 
nature of the material, and it had be- 
come apparent that to obtain reliable 
information solely by drilling would be 
very costly. 

The purpose of this work was: (a) 
to use the existing drill holes as control 
for evaluating the resistivity method 
in its application to the determination 
of depth, thickness, and extent of silici- 
fied sandstone; (6) to map the deposit 
and estimate the quantity of available 
rock; (c) to determine the speed and 
cost of resistivity work as compared 
to drilling in the exploration of similar 
bodies of rock. 

This deposit consists of a narrow 
sinuous outcrop of rock extending for a 
distance of about 14 miles in a broad 
arc running roughly in a north and south 
direction. The hard rock varies in 
thickness from 1} ft. to over 20 ft. in 
some places and in width from 25 to 
150 ft. or more. 

The field program consisted: (a) in 
making resistivity depth measurements 
at the existing nine diamond-drill holes 
in order to determine the thickness and 
depths of the siliceous sandstone and to 
compare these results with the drill logs 
of the holes; and (6) in running fixed- 
depth resistivity traverse lines between 
three pairs of drill holes to check the 
location of the edges of the rock layer, as 
shown by drilling. 


. 


From resistivity depth measurements, 
it was found that where siliceous sand- 
stone was included in the volume of 


200 300 
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characteristic of ordinary soils composed 
of clay, sand, or shale, the values rang- 
ing between 50 and 200 ohm ft. (Fig. 7). 


Resistivity, ohm ft 
400 500 600 700 800 


| 
4 
| 
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20 


"NOTE. Depth and thickness of high 
resistivity siliceous rock found 


by analysis of resistivity 
measurements 
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Fic. 6.—Resistivity Depth Curve Indicating Presence of High Resistance Siliceous Sandston 
Fremont Butte, Colo., April 7, 1948. 
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Fic. 7.—Resistivity Depth Curve No High-Resistivity Rock Indicated, Fremont Butte, Colo. 
April 7, 1948. 


material being measured the resistivity 
was comparatively high and ranged from 
about 400 to 700 ohm ft. (Fig. 6). Where 
no such hard rock was present, the 
values of the resistivity were low, as is 


The fixed-depth resistivity traverse 
lines were run back, from the edge of 
the rock exposure, across the area where 
the rock was covered by overburden. 
As evidenced by Fig. 8, which shows 
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the results of one of the traverses, it 
was possible to locate the edge of the 
silicified rock rather accurately. 

The exposed rock ledges, supplemented 
by the drill logs, permitted the interpre- 
tation of the resistivity results to be 
made, by inspection, on the basis of the 
appearance of the plotted resistivity 


Presence of siliceous rock 
shown by high values of 
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Fic. 8.—Comparison of Data from Resistiv- 
ity Traverse and Drilling for the Purpose of 
Locating Edge of Rock. 
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depth curves and fixed-spacing resistivity 
traverses. This proved satisfactory for 
the purpose without using one of the 
more exact analytical interpretation 
methods referred to in the Appendix. 
Lacking the drilling control that was 
available, such visual interpretation 


—" not have been feasible. 
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The work in this area was later ex- 
tended to cover most of the deposit. 
Check drilling, which was materially 
reduced from the amount that would 
have otherwise been required and which 
was spotted at strategic points on the 
basis of the electrical resistivity data, 
confirmed the geophysical results and 
demonstrated their value. 

Under the conditions existing at the 


Fremont Butte rock deposit, the re- 
resistivity (above 400 ohm 
a of drilling for control, gave conclusive 


sistivity depth curves, with a minimum 


evidence of the presence or absence of 
rock, and its depth, thickness, extent, 
and variation. In addition, the changes 
in resistivity gave a qualitative indica- 
tion of the variation in the quality of the 
rock. In general, it was found that the 


om higher the resistivity the better the 


quality of the silicified sandstone. It 
is hoped that laboratory research will 
permit more reliable correlations on 
quality in the future. 

In eight days, in the field at Fremont 
Butte, 13 resistivity depth curves and 
seven lines of fixed spacing traverse 
were completed by a four-man crew. 
It was found that such a crew could 
run four resistivity depth curves to a 
maximum electrode spacing of 50 ft. in 
an 8-hr. day. One line of fixed depth 
traverse, 150 ft. long, takes approxi- 
mately the same time to complete as 
one resistivity depth curve. Thus, the 
13 depth curves and seven resistivity 
traverse lines as set up comprise 20 
units of work. 

The field conditions at Fremont Butte 
and at most similar deposits in the plains 
area are rather favorable, inasmuch as 
the ground is quite level and very few 
obstructions occur. Surveying to locate 
resistivity points requires the same order 
of accuracy as surveying to locate drill 
holes. 

The cost of this work, for a four-man 
party, is estimated to be approximately 
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$2500 per month. The personnel for 
resistivity field crews do not have to be 
highly trained and they are usually 
picked by the geophysicist, under whose 
supervision they work, from available 
subprofessional men on the staffs of the 
various projects. Assuming 22 work days 
in each month and four units of resis- 
tivity work per day, the cost per unit 
of work is placed at approximately $30. 
This provides information to a depth of 
approximately 50 ft. at roughly 60 cents 
per foot of depth. Current Bureau of 
Reclamation figures indicate that the 
cost of manning and operating a core- 
drill is $75 per 8-hr. shift. In deposits of 


TABLE I.—COMPARISON OF RESISTIVITY 
METHOD AND CORE DRILLING. 


Location of 
Edge of Rock 


Depth Exploration 


Ap- 
proxi- 
mate 
Deter-| Cost 
mina-| per 
tion, |Deter- 
days |mina- 
tion 


200 ° 1/4 | $30 
50 3 


Resistivity 
Core drilling... 


| “Holes” per Day® 


* Hole units are assumed to be 50 ft. in depth. 


this kind, it is possible to drill one core 
hole to a depth of 50 ft. per day under 
ordinary conditions, which gives a cost 
of $1.50 per ft. It is thus evident that 
“electrical drilling” is much less expen- 
sive than core drilling. It is appreciated 
that resistivity measurements cannot be 
substituted for core drilling when samples 
are required. 

In comparing drilling and. electrical 
resistivity for determining the boundaries 
of rock of this nature, the resistivity 
method has a decided advantage. One 
line of fixed spacing traverse observations 
is sufficient to locate the edge of the rock 
deposit and can be completed in about 
two hours, while it would take a mini- 
mum of three drill holes to achieve the 


= 


same purpose. The latter would require 
about three days, which makes the 
resistivity method approximately twelve 
times faster than drilling. These data 
are summarized in Table I. 


Aiken “Quarizite’ Quarry (Nebr.): 


The Aiken quarry is located near the 
right abutment of the Medicine Creek 
Dam, currently under construction near 
Cambridge, Nebr. 

From an examination of the outcrop 
which was variable and rather thin, the 
quarry did not present a very promising 
appearance. It also had an overburden, 
which was more than 50 ft. thick in 
some places. But, because of the pos- 
sibility of using part of the overburden 
in the dam embankment, a core-drilling 
program supplemented by the resistivity 
method was undertaken to map the rock 
deposit. 

Twenty-two resistivity depth measure- 
ments and over 1500 ft. of fixed depth 
traverse were run in a period of 9 days 
in May, 1948. The geophysical work was 
planned to take advantage of the in- 
formation from and to supplement the 
drilling. Preliminary resistivity measure- 
ments were made at the outcrops of the 
silicified rock and at strategically located 
drill holes to establish control for the 
interpretation of the geophysical meas- 
urements. It developed later that where 
the loess overburden exceeded 30 ft. 
the effectiveness of the method was 
restricted, partly because of the thin- 
ness of the rock layer. The work had 
therefore to be planned to take advan- | 
tage of drainage channels and other 
locations where the overburden did not 
exceed 30 ft. In spite of this restriction, 
the approximate thickness and areal 
extent of the rock deposit was success- 
fully determined. 

In one instance during the progress of 
the exploration, a fixed depth resistivity | 
traverse was run up a small valley, a 


% 
a 
| 
Wy pro: | 
imat 
Method Ope Foot-| - 
Cos age |imate ay 
7 
-f 
«fj 
| 
> 
ay 


vs 


- The high resistivity indicative of the 
___ silicified rock was found along nearly the 
entire length of the traverse. The thick- 
ness of the layer was then checked by 
several resistivity depth measurements. 
As a result, five drill holes were located 
along the traverse line. Drilling proved 
that a layer of silicified rock 4 to 5 ft. in 
thickness was present and, in this man- 
~ ner, approximately 30,000 cu. yd. of 
potentical riprap material were located 
in this area. In this instance, the elec- 
trical resistivity method definitely 
aa the way for the drilling. 


Herndon and Ludell ““Quarizite’”’ Quarries 
(Kans.): 


These silicified sandstune deposits 
_ were investigated in May and June, 1948 
as possible sources of riprap for use in 
y ae the construction of Bonny Dam at 
Hale, Colo., a few miles west of St. 
_ Francis, Kans. The deposits are located 
‘a the town of Herndon in north- 
_ western Kansas. Here again, the sand- 
- exhibited variations in hardness, 
silicification, and fineness of grain. Some 
of the rock layers were separated by 
zones of uncemented sand. At some 
points, as little as 25 ft. apart, cores of 
silicified sandstone were obtained which 
ranged from 6 in. to 9 ft. in length. 
During 14 days of field work, 29 re- 
sistivity depth curves, plus over 2200 ft. 
_ of fixed-depth traverse were completed. 
Drill holes and jackhammer holes were 
used as controls to supplement the 
resistivity information. This work per- 
mitted an estimate of the quantity of 
rock and the thickness of overburden. 
_ In this case, there was no project very 
close to the deposit, and the stripping 
would have had to be wasted. 
The Ludell quarry, which lies approxi- 
mately ten miles west of the Herndon 
_ deposit, is much smaller in size but 
_ somewhat more consistent in quality. 


1 & 
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In three days’ work, nine resistivity 
depth curves and approximately 825 ft. 
of traverse were completed, which, in 
addition to previous test pitting, per- 
mitted the available yardage to be 
estimated. 


Miscellaneous: 


Several other similar deposits, located 
in Kansas and Colorado, were success- 
fully explored by this method. A total 
of approximately 1,000,000 cu. yd. has 
been mapped so far during one con- 
struction season in seven different ex- 
plorations. 


METHOD TO THE INVESTIGATION 
oF GRAVEL DEPoOsITS 


APPLICATIONS OF THE —— 


The use of the resistivity method for 
outlining sand and gravel deposits was 
presented by S. W. Wilcox in 1944 (2). 
The use of the method for this purpose 
is based on the fact that the resistivity 
of sand and gravel ranges ordinarily 
from 1000 to 20,000 ohm ft. while that 
of the surrounding soil, clay, or shale 
ranges from 50 to 200 ohm ft. This 
provides the contrast in physical prop- 
erties which permits the successful use 
of the resistivity method. Expensive 
test pitting is reduced to a minimum and 
a good estimate of the quantity, depth, 
and overburden can be effectively made. 

In the fall of 1948, successful use of 
the method, as described by Wilcox, was 
made in the exploration of a gravel 
deposit near Ft. Morgan, Colo., for 
material needed for the proposed Nar- 
rows Dam. A geologic section of the 
gravel exposure is shown in Fig. 9. The 
first step was to obtain the resistivity of 
the gravel and other beds at the outcrop, 
using resistivity measurements with an 
electrode spacing of from 4 to 6 ft. The 
sharp contrast in the resistivity of the 
different layers in the exposed section is 
indicated in this figure. Control drill 
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Fic. 9.—Geologic Section and Resistivity Measurements at Gravel Outcrop Near Ft. Morgan, Colo. 
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holes were used in a manner similar to 
that in the previously described rock 
deposits. Resistivity depth measure- 
ments and fixed-depth resistivity trav- 
erse lines were made to locate the depth 
and thickness of the deposit at various 
points and to outline the edges of the 


~ traverse is shown in Fig. 10. The cost of 
_ the work was comparable to that in the 
deposits. 


SUMMARY AND CONCLUSIONS 


It is recognized that the resistivity 
method cannot replace physical samples 
for the determination of the character 
of the materials. However, the fact 
that, by their nature, the observations 
give “summation” data rather than 
“point” data obtained by drilling, makes 
the information more valuable for an 
over-all appraisal of a given deposit. 

- Based on Bureau of Reclamation ex- 
_ perience, the following conclusions may 
21 be reached: 
1. The presence or absence of silicified 
rock or gravel under conditions similar 
_ to those presented in this paper can be 
-: established by resistivity depth measure- 
ments. The approximate depth and 
thickness of such layers can be estimated 
from an inspection of the resistivity 
depth curve provided control is available 


either through exposures or through 
drill holes or test pits. The soundness 
of the interpretations depends on such 
controls. 

2. The boundaries of such rock or 
gravel deposits can be established by the 
use of constant depth resistivity tra- 
verses. 

3. The resistivity method, as applied 
in the examples given, effected definite 
savings in time and money in the 
exploration of these materials. 

4. The results demonstrate that the 
resistivity measurements can, in most 
cases, lead the way in explorations and 
materially reduce drilling by permitting 
the location of drill holes most stra- 
tegically. 

5. The resistivity method, because of 
its simplicity, does not require highly 
trained field operators to assist the 
geophysicist. 

6. The work reported in this paper 
shows conclusively that the resistivity 
method, supplemented by a limited 
amount of drilling or test pitting, 
furnishes adequate data to permit map- 
ping such materials deposits, as a basis 
for a realistic estimate of the quantities 
(except for certain very special cases) in 
a shorter time and at less cost than 
other currently used methods of ex- 
ploration. 


APPENDIX 


_ The resistivity method of electrical pros- 
-pecting was developed by Messrs. O. H. 
Gish and W. S. Rooney (3) for the purpose 
of making measurements of the resistivity 
of the ground. The procedure was worked 
out during investigations of natural earth 
- electrical currents in about 1924. In study- 
ing these earth currents, it was necessary to 
determine quantitatively the resistivity of 
the subsoil at given points. The equipment 
} and field procedure poe for measuring 


ground resistivity were later found to be 
adaptable, without modification, to the solu- 
tion of a number of field exploration prob- 
lems. 

The method is essentially a field applica- 
tion of Ohm’s law, which states that when a 
direct current flows in an electrical circuit, 
the resistance, R, in ohms equals the voltage, 
V, divided by the current, J, in amperes. In 
equation form, Ohm’s law is: 


j 
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To apply this to a body of earth materials, 
only five items of equipment are required. 


Item 

. Four ground contact 
electrodes 

. A source of direct cur- 
rent 

. A milliammeter 

. A potentiometer 

. Four reels containing 
suitable lengths of 
lead wire 


Remarks 
Two types, current and 
potential 
45-v. B-batteries 


To measure current (J) 

To measure voltage (V ) 

Lightweight single conduc- 
tor covered flexi- 
ble copper wire 


The Resistivity of Materials: 


The electrical resistivity of materials is a 
physical property that varies over a wide 
range. For example, the resistivity of wet 
clay may be 16 ohm ft. and that of granite 
19,000 ohm ft. The resistivity of a given ma- 
terial depends on a number of factors such as 
(1) the resistivity of the constituent grains 
or particles, (2) the porosity, (3) the resistiv- 


TABLE II.—RESISTIVITY OF TYPICAL 
MATERIALS (4). 


Material Resistivity, ohm-ieet Remarks 


Granite, syenite, 
marble, quartz- 
100 000 to 30000 000 | Hard, dense 
rocks 
Dry 
Sands and gravels. Wet 
Sandstone, lime- 


Sedimentary 


Moist, loamy 


ity of the fluids, if any, filling the pores. 
This last factor is of particular importance 
and may in itself determine if a given mate- 
rial has a high or a low resistivity. The re- 
sistivity of even slightly saline waters is very 
low, and it is inversely proportional to the 
salt content. Therefore, the electrical char- 
acter of the fluids and the degree of satura- 
tion of a material is quite critical in 
determining its resistivity. 

Because of these factors, tables of resistiv- 
ities of various materials are of limited use- 
fulness. It is ordinarily not possible to deter- 
mine from such a table if there will be 
sufficient resistivity’ contrast to permit the 
use of the method for outlining a particular 
deposit. It is therefore necessary to make 
field tests or laboratory measurements on 
carefully taken samples. 

Table II gives broad ranges of values of 
resistivity of different classes of materials 


_ measurements. 


which are based on a large number of 


To make a resistivity measurement in the 
field, the equipment is arranged as shown in 
Fig. 4. The four electrodes are first set in the 
ground in a straight line at equal distances 
from each other. The B-batteries and the 
milliammeter are then connected in series 
with the outer pair of electrodes (or current 
electrodes) using the wires on two of the 
reels. The potentiometer is also connected 
between the inner pair of electrodes (poten- 


eee Copper rod 


-“Tight cap 


‘Porous porcelain pot 


-Copper sulfate 
solution 


Gy--Excess Cu $O 
crysta!s 


~.4-~Solution seeps 


through pot 


Fic. 11.—Porous-Pot Electrode. 


‘ 


tial electrodes) by means of the wires on the 
other two reels. 

The current, J, that flows between the 
current electrodes is measured on the milli- 
ammeter and, at the same time, the voltage, 
V, between the potential electrodes is meas- — 
ured on the potentiometer. The equal elec- 
trode spacing, a, is measured in feet. 

The resistivity p of the soil or rock in- 
cluded in the measurement is 27a times the 
ratio of the voltage and current, V/J: 


p=2eV/I.............(2) 


The quantity 27a relates to the volume of 
the material and the V/J ratio is resistance 
as given in Eq. 1. 


In the equipment adopted by the Bureau 


of Reclamation, two different types of elec- 
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are metal pins about one-half 
inch in diameter by 12 to 18 in. long). 
a These are driven into the ground to a depth 


r : contacts. The inner pair, or potential elec- 
trodes, are of special design. As shown in 
x Fig. 11, these consist of small porous porce- 

lain pots two and one- -half 


a, - vided with a tight cap and filled with a 
_ (saturated) solution of copper sulfate. A 
copper rod (about three-quarters of an inch 
in diameter and approximately five inches 
long) is immersed in the copper sulfate solu- 
tion, and the hole in the cap through which 
the rod passes is sealed. Such porous-pot 
electrodes make good electrical contacts with 
the ground because some of the electrolyte 
seeps into the soil. An electrode of this type 
_is known as a depolarizing or nonpolarizing 
electrode. Battery jars which are easily 
obtainable, in different sizes, are suitable for 
making such electrodes. 
The use of porous-pot electrodes in the 
- potential circuit has proven most satis- 
factory and eliminates the necessity for a 
_ double commutator, which is provided in 
most sets of resistivity equipment that are 
available commercially. This simplifies the 
ay - apparatus and reduces its cost. The purpose 
of the commutator is to permit the use of 
four metal electrodes by eliminating the 
current produced by electrolytic action at 
_ the metal potential electrodes where they 
: 4 vi are in contact with the ground. This is ac- 
complished by the commutator which re- 
7 ah verses the direction of the current and the 
voltage at the rate of about 15 to 20 cycles 
ty, per second. In either type of equipment, the 
voltage cannot be measured by an ordinary 
voltmeter but requires a potentiometer 
which has the advantage that it does not 
draw any current when a reading is made. 


Field Techniques: 


The two techniques most commonly used 

_ in the application of the resistivity method 

are (a) resistivity depth measurements and 
(6) fixed-depth resistivity traverses. 

Resistivity depth measurements.—A re- 

_ sistivity depth measurement is made by 

taking a series of readings of current and 

corresponding voltage at various electrode 


ie : 


separations to determine the changes in 
resistivity with depth at a selected location. 
As the electrode separation is increased, 
the current penetrates to a greater depth and 
a greater volume of material is therefore 
included in the measurement. An example 
of the observations for such a resistivity 
depth determination is given in Table III. 

The values of resistivity calculated from 
the above measurements show that as the 
electrode spacing, a, was increased, the re- 
sistivity became greater. In this example, 
the fact that the deeper layers of material 
had a higher resistivity than the shallower 
ones is apparent, as the value of the total 
resistivity increased with depth or when 
measured at the larger electrode intervals. 
This might represent the case of low-re- 
sistivity moist surface layer underlain by 
high-resistivity dry material. 

The reverse might equally well have been 
true. A dry, or highly resistant, layer at 


TABLE II.—RESISTIVITY FIELD DATA. 


Electrode 


Separation, Voltage, 
t. 


v, mv. 


Current, | Resistivity, p, 


ohm-feet 


170 636 
290 912 
228 1310 
150 1880 


the surface with a moist low-resistivity zone 
beneath would show decreasing values of 
resistivity at greater electrode spacings. 

In practice, the initial readings of current 
and voltage are made with the current 
flowing in one direction. Check readings are 
taken with the current reversed and the 
average resistivity is used. This permits the 
effect of any ground electrical current to be 
averaged out. 

As applied in the field, readings are taken 
first at small electrode spacings of say one 
to two feet. With the center point of the 
line of electrodes remaining stationary, the 
electrode separation is increased progres- 
sively by 5-, 10-, or 28-ft. increments until 
the desired electrode interval (or depth) is 
reached. 

The resistivity values are calculated as 
the work progresses. Slide rule accuracy is 
sufficient. From a set of such measurements, 


wid the resulting resistivity values are plotted in 


| 
20 
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the form of a resistivity depth curve (or 
R-D curve). As indicated in Fig. 6, the 
electrode separation, a, appears on the verti- 
cal axis and the resistivity, p, on the hori- 
zontal axis of the graph. As shown in this 
example, which was taken near a drill hole, 
a resistivity depth curve is (effectively) a 
form of electrical drilling since it expresses 
the variation in resistivity, and therefore 
in materials or conditions, with depth. 

The analogy to electrical drilling is useful 
but not strictly accurate. The resistivity 
measurements are, of necessity, made on the 
ground surface. Hence, a resistivity depth 
curve does not show the resistivity of in- 
dividual layers below the surface, but rather 
the changes of resistivity with depth as a 
progressively larger volume of material is 
included in the measurement. 

This concept is important, and its signif- 
icance is illustrated by the field data in 
Table III. For the volume of material meas- 
sured at an electrode separation of 3 ft., the 
resistivity is 636 ohm ft. At an electrode 
separation of 5 ft. (which took into the 
measurement a greater volume of material), 
the resistivity was 912 ohm ft. The measure- 
ment at the 5-ft., interval included all the 
material involved in the first reading (at the 
3-ft. spacing) plus a certain amount of new 
material. The resistivity of the added ma- 
terial was therefore of a higher value than the 
material measured at the 3-ft. spacing, since 
it caused an increase in the measured value 
at the 5-ft. spacing. In each reading at an 
increased electrode separation, all the ma- 
terial in the previous reading is included plus 
some new material. Figure 6 brings out this 
point clearly. 

Fixed-depth resistivity traverses~—In this 
technique, a-certain electrode separation is 
selected and readings are made (maintaining 
this spacing) progressively along a traverse 
line across the area to be studied. An ex- 
ample of such a fixed spacing traverse is 
shown in Fig. 8, where the constant elec- 
trode interval was 15 ft. 

Theresistivity values, measured, are plot- 
ted on the vertical axis of the graph and the 
location of the points of observation on the 
horizontal axis. Such fixed-depth traverses 
are analogous to “electrical trenching” in the 
same manner that resistivity depth measure- 


ments can be thought of as a form of “elec- 
trical drilling”’. 

Figure 8 shows that, when highly re- 
sistant siliceous rock is included in the 
measurement, the values of resistivity (at 
the 15-ft. spacing) are 400 ohm ft. or more. 
Where no such rock is present, as in the 
vicinity of drill hole No. 2, the resistivity is 
about 100 ohm ft. or less. As noted, all 
measurements were made at the constant 
15-ft. electrode interval. 

The silicified rock in this case was being 
investigated as a possible source of riprap. 
The absence of high-resistivity rock, as 
indicated by the log of drill hole No. 2, is 
confirmed by the low values of resistivity 
shown by the resistivity depth curve at that 
locality, Fig. 7. 

These two techniques make the resistivity 
method very flexible. As inost expedient in 
a given field problem, it is possible to meas- 
ure the variation of resistivity with depth 
or to study the changes from point to point 
in the resistivity of earth materials at a 
fixed depth. 


Types of Resistivity Depth Curves: 


Resistivity depth curves ordinarily fall 
into two categories namely, two-layer curves 
and three-layer curves. A single layer curve, 
although possible, would have no meaning, 
as the resulting graph would be a straight 
line parallel to the depth axis. 

Two-layer resistivity curves are of two 
possible kinds only. In one, the top layer is 
of higher resistivity than the lower layer, 
as in Fig. 7. The other type of two-layer 
curve is one in which the resistivity of the 
upper layer is less than that of the lower 
layer. It is of note that the resistivity meas- 
ured at the larger electrode spacings, in a 
two-layer curve approaches the value of 
the resistivity of the lower layer, as an 
asymptote. 

Three-layer resistivity depth curves are 
also of two kinds only. In one variety, the 
top layer is of higher resistivity than the 
second layer and the bottom, or third, layer 
is also of higher resistivity than the second 
layer. The depth sequence in resistivity 
values of the layers would be high-low-high. 

The second type of three-layer resistivity 
depth curve is shown in Fig. 6. Here, a low- 
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resistivity surface layer is underlain by a 
high-resistivity second layer, while the third 
layer is of a lower resistivity than the 
second. The depth sequence of the resistivity 

of the layers is low-high-low. 
In some cases, four-layer resistivity depth 
i are obtained. These are not, ordi- 


narily, useful in shallow work of the kind 


considered in this paper. 


Interpretation of Resistivity Measurements: 


Resistivity depth curves can be inter- 
preted by inspection (qualitatively) and 
__-valid conclusions reached that are sufficient 
for many types of work. For example, the 
curve given in Fig. 6 shows conclusively 
that a high-resistance material is present 
below the surface at the locality where the 
measurements were made. In like manner, 
the low resistivity values found in the curve 
given in Fig. 7 demonstrates that no high- 
resistivity material is present. Such qualita- 
tive interpretations can be made only when 
controls provided by drill holes or outcrops 
are available. Obviously, based on such 
controls, qualitative interpretations can be 
extended to other parts of a given deposit. 
The interpretation of fixed depth resistivity 
traverses is always qualitative. 

The authors do not consider that a de- 
tailed discussion on the quantitative inter- 
pretation of resistivity depth curves would 
be in order in this paper, inasmuch as only 
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Mr. R F. Beers! (presented in 
written form)——The concept, “resistiv- 
ity,” is not adequately defined in the 
paper, and the factors contributing to 
values of observed relative resistivity of 
a rock formation are not completely 
shown. Neither are relationships de- 
veloped so as to express the significance 
of these factors individually or in con- 
junction. 

Failures of the method have been 
observed in practice. Their causes cannot 
be understood without a more funda- 
mental exposition than is given here. 

The utility of resistivity surveys in the 
selected applications would be enhanced 
by reference to geologic mapping of the 
areas surveyed. Only briefly does the 
paper deal with formation names. The 
lithology of most geologic formations is 
well known to competent geologists. In 
this field of data will be found much 
valuable aid for those in search of con- 
struction materials. Furthermore, cor- 
relation of geologic and resistivity data 
usually develops enhanced significance 
of both. 

Mr. H. R. Joestinc? (presented in 
written form)——The paper convincingly 
demonstrates the value of resistivity 
surveys, used with drilling, in searching 
for construction materials which are 
covered by overburden. The close co- 
ordination of geophysical measurements 
and drilling permitted outlining the 
boundaries of rock and gravel deposits 
with a high degree of certainty and pre- 
cision, and at the same time permitted 
elimination of a large proportién of the 

1 Professor of Geophysics, Head of Dept. of Fuel Re- 


sources, Rensselaer Polytechnic Institute, Troy, N. Y. 
2 U. S. Geological Survey, Washington, D. C. 


drilling that would otherwise have been 
necessary. 

The discussion of resistivity methods 
in the Appendix should be of special 
interest to highway engineers and others 
faced with the problem of finding con- 
struction materials in areas where they 
are covered by overburden. 

More information might have been 
obtained with little additional effort if 
the authors had used the so-called par- 
titioning configuration of electrodes in- 
stead of the Wenner configuration, which 
is shown diagrammatically in their Fig. 
4. The partitioning configuration merely 
uses an additional potential electrode, 
placed midway between the two po- 
tential electrodes of the Wenner configu- 
ration. This permits measurement and 
comparison of apparent resistivities of 
two volumes of material at each setup, 
that is, between the central electrode 
and each of the outer potential elec- 
trodes, instead of a_ single volume 
between the two outer potential elec- 
trodes. A comparison of the two re- 
sistivities will often give more detailed 
information on vertical and horizontal 
changes in the underlying material than 
can be obtained from a single value. 

The statements concerning the speed 
of resistivity surveys are overconserva- 
tive. In areas of low to moderate relief 
and with a trained crew of field assistants, 
it is normally possible to run at least 
20 sets of resistivity-depth measurements 
to 50 ft. each day, or about 2000 ft. of 
horizontal profiles. The rate will vary, 
of course, depending on the time re- 
quired to move from one setup to the 
next and on the amount of detail re- 
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quired. At any rate, on a routine re- 
sistivity survey lasting long enough to 
permit training moderately agile field 
assistants, the unit cost of resistivity 
work is considerably lower than stated. 

Mr. L. E. Grecc.*—I feel that there 
are applications of this resistivity method 
which can be made now and are not being 
made merely because they have not 
been brought to the attention of the 
soils engineers and others. 

For example, in Kentucky we have 
about a fourth of the entire area of the 
state—confined entirely to the eastern 
part—in which there are vast expanses 
or deposits of sandstone that are variable 
in all directions and all manners. For 
many years attempts have been made 
to use this material. We know a good 
deal about it in certain localities and 
have used it to a limited extent in high- 
way construction. 

However, because it is variable, and 
because of the fact that there has never 
been any commercial development, its 
use is so limited that we actually still 
know little about it. And, when we try 
to make an application of the material, 
it means intensive study of each location 
under consideration. 

Now, with a method such as this, I 
feel that we ought to be able to learn 
more in less time about this stone and 
perhaps realize many benefits that we 
haven’t had heretofore. 

The same is true of unconsolidated 
deposits of fill material in some of our 
river valleys where we have to carry 
foundations for large bridges to rock. 
Sub-surface explorations would be ex- 
pedited by the application of a method 
such as this. 

Another thing that occurred to me 
was the possible application of this to 
soils in regions where we have found 
through experience that problems of a 


* Associate Director of Research, Kentucky Depart- 


ment of Highways, Lexington, Ky. 
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certain nature exist. I am thinking par- 
ticularly of one location in central Ken- 
tucky where we have soils in general 
derived from the weathering of lime- 
stone. They are fine grained and of a 
peculiar structure as you probably know. 

Within these soils, in certain localities, 
are sand pockets that apparently were 
formed by the disintegration of sand- 
stone at the time of the formation of the 
fine-grained soils that predominate. It 
is difficult to determine just where these 
occur, and we have found by experience 
in construction that many of our slopes 
in deeper cuts are unstable, even when 
we lay them back more than usual. 
Now, that is something that we haven’t 
been able to determine at the time of 
location surveys on the site. 

The location is set, right of way is 
bought, and the soil survey preliminary 
to design is made before we are aware 
of these subsurface conditions. Some- 
times they may not be apparent until 
after construction begins. 

We may find these conditions and then 
realize that we have need for more right 
of way in order to lay those slopes back. 
We could possibly make use of this 
method for a rapid and inexpensive 
survey of the area at the time of location 
so that those conditions could be taken 
into account at the stage in which we 
are buying the right of way, instead of 
having to go back after the right of way 
has been purchased and attempt to 
compensate for this lack of information. 

Mr. E. A. Aspun-Nur (author)— 
With regard to the comments by Mr. 
Beers, we intentionally stayed away 
from the highly technical treatment of 
the subject, because we are aiming to 
make it of practical value to the engi- 
neer who is not a geophysical specialist. 
Theoretical fundamentals would, we felt, 
be out of place in this type of paper. 

WithZregard to the use of the unit 


| 
gi 
ti 
tl 
Ww 
m 
tl 
tc 
Vi 
it 
or 
rc 
be 
te 
m 
ps 
1! 
ty 
ra 
fis 
in 
fo 
of 
I 
gi 
se 
n 
4 cu 
de 
*, th 
a\ 
h 
Ve 
ne 


a DISCUSSION ON CONSTRUCTION MATERIALS DEPOsITS : 


“ohm centimeters” instead of “ohm 
feet,” we find the latter more practical 
with our men in the field who survey in 
the foot units. 

As suggested by Mr. Beers, we do have 
geologists to help us with the investiga- 
tions. In fact our materials investigation 
group is part of the geology section. But 
the work reported in this paper is not a 
case of trying to find materials. The 
examples we have given are instances 
where we knew the materials existed at 
certaion locations. It was a question of 
mapping, estimating, and evaluating 
them for construction purposes in order 
to be able to inform the contractor of the 
variations, extent, quantities and other 
items which influence his bid and meth- 
ods of operation. We actually make 
specification maps of the materials de- 
posits, showing the configuration of the 
rock ledges, thickness, and variations. 
That is the reason for the need of the de- 
tailed investigations. Geological treat- 
ment would be too general for that 
purpose. 

Mr. Joesting’s comments and the 
paper presented by Mr. Shepard at the 
1949 Annual Meeting‘ indicate that this 
type of work can be pursued at a more 
rapid rate than we have quoted. The 
figures given in this paper are however all 
inclusive. They include the time needed 
for interpretations and the estimating 
of the quantities. 

Mr. Bryant Matuer.5—Although 
I am an employee of the Corps of En- 
gineers, the following discussion is pre- 
sented by me as an individual and has 
no Official sanction. In the previous dis- 
cussions mention has been made of the 
desirability of having information of 
the sort presented in the paper made 
available to provide examples of the 

4E. R. Shepard, “Subsurface Explorations by Geo- 

hysical Methods,” Proceedings, Am. Soc. Testing Mats., 
p. 993 (1949). 
58Concrete Research Engineer, Concrete Research 


Div., Waterways Experiment Station, Corps of Engi- 
neers, Jackson, Miss, 
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type of work that can be done and to 
serve as an explanation of the methods 
used. 

I should like to invite your attention 
to a publication that is already available, 
having been recently published by the 
Waterways Experiment Station. The 
publication is Bulletin No. 33 entitled 
“Electical Resistivity Exploration” 
written by Mr. William R. Perret, Chief, 
Physical Measurements Section, Soils 
Division.* The first part of the Bulletin 
is devoted to theoretical and general con- 
siderations and the remainder to a de- 
scription and discussion of the applica- 
tion of an electrical resistivity method to 
a particular exploration problem. The 
problem in this case may be more closely 
related to the one concerning soils in 
Kentucky previously mentioned than 
to those discussed in the paper, since it 
deals exclusively with soils. 

The problem discussed in the Bulletin 
is that of determining the thickness of 
recent alluvium in the Mississippi Valley 
along the main line levee system in the 
Vicksburg, Miss., District as part of a 
study of the seepage under levees. The 
project involved nearly 200 determina- 
tions of depths up to 150 ft. along a line 
approximately 40 miles in length. The 
work was accomplished in 1942-43 at a 
cost of approximately 45 per cent of the 
cost for an equivalent boring. The 
average time required for a depth de- 
termination by resistivity methods was 
2? days as compared with an estimated 
4 days for completion of a boring to the 
base of the alluvium. 

Mr. C. M. Waxkeman.’”—I should like 
to ask the author what limitations, if 
any, are there with respect to the amount 
of moisture in the soil, for example, a 
dry soil compared with a saturated soil. 

Mr. Aspun-Nur.—The resistivity is 

6 Available from the Waterways Experiment Station, 
Vicksburg, Miss., for $1.00 per copy. 


7 Testing Engineer, Los Angeles Harbor Department 
Testing Laboratory, Wilmington, Calif. 
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lower in a saturated soil. In the table pre- 
sented in the Appendix, dry sand gives 
a resistivity value ranging up to as high 
as 32,000 ohm-feet, whereas wet sand 
shows 15,000 ohm-feet; the wetter the 
material, as a rule, the less resistance it 
will have. 

Mr. Wakeman.—Could the method 
be applied to submarine exploration? 

Messrs. E. A. ABDUN-NUR AND 
Dart WANTLAND (authors’ closure)— 
As pointed out by Mr. L. E. Gregg, there 
are indeed numerous other specific 
applications of this method to engineer- 
ing problems and related fields. Two such 
excellent examples may be cited. The 
first is the Waterways Experiment Sta- 
tion Bulletin by Mr. Perret, referred to 
in the discussion submitted bv Mr. 
Bryant Mather. The second example is 
the determination of the effective change 
in the density of the material in a waste 
dump due to rolling as noted in Mr. M. 
N. Sinacori’s discussion of the paper by 
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Mr. Shepard which appears in the 
A.S.T.M. Proceedings, 1949, p. 1014. 

The authors appreciate the suggestion 
made by Mr. Joesting concerning the 
advantages of the Lee partitioning 
method. This configuration of electrodes 
permits obtaining additional information 
with very little more effort. It is planned 
to alter the existing resistivity equipment 
used by the Bureau of Reclamation to 
permit such measurements. 

With regard to the question raised by 
Mr. C. H. Wakeman, it is felt that the 
electrical resistivity technique discussed 
in this paper is not applicable for sub- 
marine explorations in relatively deep 
water. However the method was success- 
fully applied in exploring the bottom 
of the Harbor of Algiers in shallow 
water. 

The authors wish to express their 
sincere appreciation for the valuable 
suggestions made in the various dis- 
cussions. 
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EFFECTS OF ELEVATED TEMPERATURES ON STRENGTH OF THERMO- 
SETTING PLASTIC LAMINATES* 


By N. FrieEp,? R. R. Wrinans,? L. E. SIeFFert® 


SYNOPSIS 
This paper presented the results of an extensive study of the progressive ef- 
fects of high-temperature conditioning on the flexural and compressive 
strengths of a glass-melamine and two different types of phenolic laminate. 
_ Tests were conducted at elevated temperatures ranging from 50 C. to 250 C. 
after conditioning periods of from 1 to 768 hr (32 days). Methods and special 
_ equipment for making measurements at high temperatures are described in 
detail. 

Results are discussed and arbitrary criteria set down for determining the 
maximum operating temperature (M. O. T.) of the materials. Based on these 
criteria, it was found that the laminates investigated had the following 
M. O. T. ranges: glass-melamine, 150 to 200 C.; paper-base phenolic, 100 to ets: 
150 C.; fabric base phenolic, 100 to 150 C. et gi 

An hypothesis is presented which essays to explain the behavior of the 
materials in terms of three main effects: softening, cure, and degradation; and 
further evidence is given to support the theoretical analysis. 


In recent years the use of thermo- 
setting plastic laminates has been ex- 
tended increasingly into applications 
which inherently involve exposure to ele- 
vated temperatures. It has thus become 


reported (1,2,3,5,7,8,9,10)* that flex- 
ural, compressive, and tensile strength, 
as well as flexural and tensile modulus of 
thermosetting materials all decrease 
after short-time exposure to elevated 


necessary to determine the effects of such 
exposure on the strength of these ma- 
terials. These effects may be considered 
from two points of view: Effects on 
strength as measured at the elevated 
temperature, and effects on strength 
after elevated temperature exposure fol- 
lowed by cooling to room temperature. 
Several independent investigators have 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

1 The opinions or assertions contained herein are those 
of the authors and are not to be construed as reflecting the 
— of the Department of the Navy or the Naval Service 
at large. 

2 Plastics Technologist and Materials Engineer, respec- 
tively, Material Laboratory, New York Naval Shipyard, 
Brooklyn, N. Y. é 

3 Bureau of Ships, Department of the Navy, Washing- 
ton, D. C. 
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temperatures. Long-time high-tempera- 
ture exposure followed by cooling gen- 
erally also causes decreased strength 
(4,6,7,10) However, it has been found 
(6,7,9,10) that at certain temperatures, 
depending on the material, heating for a 
period of time followed by cooling may 
enhance strength characteristics so that 
material so “heat treated” may be 
stronger than “as received’”’ material. 
Hausmann, Parkinson and Mains (7) 
found that at 90 C. the flexural strength 
of phenolic laminates fell considerably 


« The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1398. 
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_ from the room temperature value after a 


month, 


short period of time; however, as the 
time of exposure increased, up to one 
the flexural strength continu- 
ously increased. 

The present paper covers one phase of 


a long-range program being conducted at 


ai, 


Se 


the Material Laboratory, New York 
_ “Nav al Shipyard, to investigate the pro- 
gressive effects of elevated temperature 
conditioning on the mechanical and 
electrical properties of thermosetting 
laminates as determined both at the tem- 
_ perature and after cooling. This phase in- 


ey cludes the results of a comprehensive 


a} study of the effects of high-temperature 
conditioning on the flexural and com- 


pressive strengths of several thermo- 


setting laminates, as determined at the 
elevated temperature. Temperatures 
covered ranged from 50 C. to 250 C. and 


conditioning periods from 1 to 768 hr. 


MATERIALS 


ao The materials evaluated in these in- 
vestigations included the following: 

Navy Type 

FBG 


PBE Paper-base phenolic laminate 
GMG__ Glass-melamine laminate 


Description 


Fabric-base phenolic laminate 


All materials were obtained from com- 
mercial sources and were supplied as 
sheets approximately 10 sq. ft. in area, 
= nominal thicknesses of } in. 


APPARATUS 


Except for the specimen supports and 
- loading devices, the same equipment was 
used for conditioning and testing both 
flexure and compression specimens. This 
apparatus is shown in Figs. 1 to 3. The 
main elements of equipment used in these 
investigations were as follows: 

Testing Machine.—The physical test- 
ing machine used for all determinations 
was a Southwark-Emery Universal Test- 
ing Machine of 60,000-lb. capacity, with 
the following scales: 300, 1200, 6000, 


60,000 Ib. This machine is equipped with 
a pacing head used in maintaining load- 
ing rate in in. per min., a load maintainer, 
and a rate of loading device for indicat- 
ing dial speed in lb. per min. The machine 
is also provided with a Microformer Re- 
corder and several different types of 
Microformer Extensometer for automatic 
recording of load-deflection curves. 

Test Chamber.—The test chamber 
used in the determination of mechanical 
strength at elevated temperatures was 
designed and built at the Material Labo- 
ratory. It consists of a double-walled, 
cubical box approximately 2 ft. in di- 
mension on an outer edge. Both the inner 
and outer walls are made of }-in. 
Transite, and their inner surfaces are 24 
in. apart, providing a space into which 
glass wool insulation is packed. Two 
doors, which open outward, are mounted 
in the front of the test chamber, and a 
window is set into one of these doors for 
visibility. 

An opening is provided in the top of 
the chamber to accommodate a loading 
bar which extends into the chamber from 
the sensitive crosshead of the testing 
machine. Suitable openings are also pro- 
vided in the floor of the chamber to per- 
mit the insertion of test fixtures. The 
back of the chamber is provided with two 
ducts through which heated air may be 
circulated in the chamber by the air 
heating unit. 

A stainless steel, tubular thermostat 
unit is located in the test chamber and 
regulates the temperature within the 
chamber as described below. 

Air Heating Unit.—The air heating 
unit was also designed and built at the 
Material Laboratory. It consists of an 
insulated, double-walled, stainless steel 
box with blower and duct work for pro- 
viding air to the test chamber at the 
proper temperature, under forced draft. 

The air is heated in the supply unit by 
electrical strip heaters and a control grid 
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heater. The 500-w. strip heaters are used 
as ballast to raise the temperature of the 
air to a point slightly below that required 
for testing. 

The temperature of the circulating air 
is raised to the proper point, and main- 
tained at that temperature, by means of a 
special 800-w. grid heater which is con- 
trolled by the thermostat unit in the test 
chamber. It was found experimentally 
that this thermostatic control system is 
capable of maintaining the set tempera- 
ture to within 1 C. up to 100C. and to 
within 2 C. up to 250 C. 

Because of the rapid rate of air circu- 
lation provided by the blower in the air 
heating unit, and because of the high 
thermal capacity of the strip heaters and 
of the walls of both the test chamber and 
supply unit, the temperature in the test 
chamber returns to the established test 
temperature in approximately 10 to 20 
sec. after the doors have been opened and 
closed to insert a specimen for condition- 
ing or test. As a further check, however, 
the temperature within the test chamber 
is measured continuously with a record- 
ing potentiometer, and no elevated tem- 
perature test is made until this tempera- 
ture has returned to the required point. 


TEST METHODS 


Specimens: 
Flexure-—Specimens used for deter- 


mining flexural strength were standard 
A.S.T.M. flexure specimens 5 by 3 in. by 
thickness of sheet (} in. nominal). The 
lengthwise direction of the sheet was 
arbitrarily chosen as that of the longest 
dimension, and specimens were cut with 
the 5-in. dimension in this direction. 
Compression.—Specimens used for de- 
termining compressive strength were 
approximately cubical, measuring 3 by } 
in. by thickness of sheet. These speci- 
mens were cut from bars, 53 by 3 in. by 
thickness by sheet, which were pre- 
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pared in the same manner as were the 
flexural specimens described above. The 
“lengthwise” direction was marked by 
drawing a 53-in. line along the face. 


Randomization: 


The sampling procedure used for 
selecting test specimens was as follows: 

(a) The required number of specimens 
were prepared, several specimens being 
cut from each of as many sheets of a par- 
ticular material as were supplied. 

(b) These specimens were placed, in 
an arbitrary manner, on a large surface, 
and numbered, temporarily, with a soft 
crayon. 

(c) Using a set of tables of random 
numbers, samples were selected in a ran- 
domized sequence. 

(d) After this selection, temporary 
numbers were removed, and the speci- 
mens were numbered permanently in 
numerical order. Thus, any group of 
specimens selected in numerical sequence 
would represent a random sample of all 
of the specimens prepared 


General Test Procedure: “a 


In making flexural and compressive 
strength determinations, the test cham- 
ber was set directly on the table of the 
testing machine. The air heating unit was 
placed on an adjustable table adjacent to 
the testing machine, and it supplied 
heated air to the test chamber through a 
short, insulated duct. The entire assem- 
bly was designed to permit relative move- 
ment between the test chamber and air 
heating unit when the testing machine 
table rises during a determination. 

Compression.—A compression sample 
under test rested on a flat, hardened steel 
support which extended through the bot- 
tom of the chamber to the testing 
machine table. Load was applied to the 
specimen, concentrically, through a 16 
by 13-in. diameter bar which passed 
through an opening in the top of the 
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chamber and was fixed to the sensitive 

crosshead of the testing machine. The in- 

terior arrangement of the chamber for 

making a compressive strength determi- 
ation is shown in Fig. 3. 

Flexure.—In the flexural strength de- 
termination, the specimen was evaluated 
as a simple, centrally loaded beam with a 
4-in. span. The specimen was supported 


ona conventional flexure test fixture and 


load was applied through a loading nose 
mounted at the lower end of the afore- 
mentioned 16-in. loading bar. Both the 
loading nose and end supports contact 
the specimen through }-in. diam. steel 
pins. The test fixture was supported on 
an ebony-asbestos block which extended 


and rested directly on the table of the 
machine The interior arrange- 
ment of the test chamber for flexural 
evaluations is shown in Fig. 2. 
Load-deflection data were recorded 
acta with a Microformer Re- 


corder actuated by a Peters Microformer 
-Extensometer. Deflection was followed 
_by a ball bearing-tipped screw which was 
- threaded into one end of an equi-armed 


In a flexure test the ball bearing con- 
tacts the under side of the specimen mid- 
way between supports, thus following 

Beoe: midpoint deflection under load. In 
compression tests, the end of the lever is 
weighted and the deflection device con- 

Fi tacts a horizontal arm which is fixed to 
the loading bar. 

_ The arrangement of the deflection 
measuring apparatus is shown for flexure 
_ in Fig. 2, and for compression in Fig. 3. 

: Type of Loading. —In these investiga- 
tions, specimens were loaded in two 
separate ways, designated as ‘Face 
Loaded” and ‘Edge Loaded,” respec- 
tively. For face loading, the load was 


applied normal to a surface, in a direc- 
tion perpendicular to the plane of the 
laminae. For edge loading, the load was 
applied normal to an edge, in a direction 
parallel to the plane of the laminae. In 
the case of edge-loaded compression 
specimens the load was applied in the 
“lengthwise” direction as indicated by 
the line on the face of the specimen. 

Rate of Loading.—The rate of loading 
used in both compression and flexural 
tests was 0.05 in. per min., which speed 
was set with the machine running idle, 
in accordance with A.S.T.M. require- 
ments. 

Number of Specimens.—Five speci- 
mens, randomized as previously de- 
scribed, were evaluated under each set of 
conditions, and the arithmetic mean of 
these determinations was taken as the 
strength value under the particular con- 
ditions concerned. 


Calculations: 


Flexural Strength—Flexural strength 
was taken as the maximum fiber stress 
calculated from the load at the moment 
of break, in accordance with A.S.T.M. 
Method D 790 45 T.® 

Compressive Strength —Compressive 
strength was calculated by dividing the 
maximum compressive load supported by 
the specimen, by the original cross-sec- 
tional area of the specimen, the result 
being expressed in pounds per square 
inch. 

All measurements of specimen dimen- 
sions were made immediately after pre- 
conditioning, and thus represented “as 
received” values. Measurements of width 
and depth were made to 0.001 in. and, 
for flexure tests, the specimen supports 
were set at 4+ 3'r in. 


5 Method of Test for Flexural Properties of Plastics 
(Tentative). This tentative method, as revised in 1949, 
appears in the 1949 Book of A.S.T. M. Standards, Part 6, 

. 119. 
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CONDITIONING PROCEDURES 

Preconditioning..—All samples, after 
being cut and randomized, were exposed 
to the standard laboratory atmosphere 
(25 C., 50 per cent relative humidity) 
for a minimum of 168 hr. prior to test or 
elevated temperature conditioning. This 
preconditioning period is designated in 
this paper as “C-168/25/50.” 

Initial Values.—Initial values of flex- 
ural and compressive strength were 
determined by testing samples which 
had been preconditioned as described 
above (C-168/25/50) but which had not 
been exposed to elevated temperatures. 


Elevated Temperature Conditioning: 


Short Time.—Samples to be evaluated 
after 1, 2, or 4 hr. of exposure to elevated 
temperatures were placed on a sheet 
metal platform in the test chamber, 
which was maintained at the proper tem- 
perature, and conditioned in the chamber 
itself. 

Long Time.—Samples to be evaluated 
after periods of more than 4 hr. of 
exposure to elevated temperatures were 
placed in a commercial circulating air 
oven maintained at the proper tempera- 
ture by thermostatic control. One hour 
prior to the expiration of the condition- 
ing period, samples were transferred to 
the test chamber, which was also main- 
tained at the proper temperature, and 
the conditioning period was completed 
in the chamber itself. Specimens were 
transferred from the oven to the test 
chamber in a specially designed, insu- 
lated box, which had been brought up to 
the proper temperature by means of a 
strip heater contained therein. 

Test Chamber Temperature Control.— 
Temperature within the test chamber 
was measured by means of a thermo- 
couple and calibrated potentiometer. 
The thermostat, which is mounted in the 
test chamber, and which controls the 
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grid heater in the air heating unit, was 
set to maintain the required temperature, 
as measured by the potentiometer. As 
previously indicated, it was found that, 
by this procedure, the temperature within 
the test chamber could be maintained to 
within 1 per cent of a predetermined 
value. } 


EXPERIMENTAL 


Face- and edge-loaded flexural and 
compressive strength determinations 
were made at elevated temperatures on 
specimens which had been maintained 
at the required temperature for varying 
periods of time. Time periods and tem- 
peratures covered were as follows: 
Time (hr.) ... 1, 2, 4, 24, 48, 72, 192, 384, 768 
Temp. (deg. C.) 50, 100, 150, 200, 250 
In addition to this, similar determina- 
tions were made on specimens condi- 
tioned as described above but cooled to 
room temperature prior to testing. Re- 
sults, in general, were similar to those 
reported by previous investigators and, 
although mention will be made of these 
results, no detailed data will be presented 
in this paper. 

Results are given in Tables I and II 
and shown graphically in Figs. 4 and 5, 
in which per cent of initial strength re- 
tained is plotted against time of condi- 
tioning. 
In general, specimens evaluated after 
cooling (recovery) had higher mechanical 
strength than specimens conditioned for 
corresponding periods of time but eval- 
uated at the elevated temperatures, the 
respective curves of strength versus time 
being approximately parallel. Several ex- 
ceptions were noted in the case of the 
FBG laminate, particularly for speci- 
mens conditioned at the higher tempera- 
tures for short periods of time. 
The GMG material did not comply 
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Fic. 4.—Effect of Continuous Heating on the Flexural Strength of Thermosetting Laminates, as 
Determinated at Elevated Temperatures. 
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with the above rule too closely, “at tem- 
perature” and “recovery” values being 
close together, with some indication of 
higher strength when tested at tempera- 
ture. This behavior was evident, for ex- 
ample, in the GMG edge compression 
data, particularly for the longer condi- 
tioning periods. 

Of the three laminates evaluated, the 
GMG material exhibited the highest ini- 
tial strength properties. This material 
also had the greatest comparative physi- 
cal strength, both at temperature and 
after recovery, being relatively stable up 
to 150 C. However, at 250 C. even the 
GMG material deteriorated rapidly after 
extended exposure. 

Of the two phenolic laminates, FBG 
and PBE, tests conducted at elevated 
temperatures showed, in general, that 
the former had somewhat higher strength 
characteristics after short-time condi- 
tioning, particularly at the lower tem- 
peratures. Recovery data showed the 
PBE to be superior in flexure and, in gen- 
eral, the FBG to be higher in compres- 
sive strength, again at the lower tempera- 
tures and after short conditioning 
periods. The particular point of note with 
respect to these two phenolic laminates, 
however, is the fact that, for both “at- 
temperature” tests and “recovery”’ tests, 
the FBG material deteriorated at a much 
greater rate than did the PBE, especially 
after long-time conditioning at tempera- 
tures above 100 C. 


Maximum OPERATING TEMPERATURE 


a A practical purpose of these investiga- 


tions was to determine the upper limit of 
temperature which the subject laminates 
can withstand for an extended period of 
time, that is, the maximum operating 
temperature of these materials. This prop- 
erty, which has also been characterized 
as “heat resistance,” has been variously 
defined in terms of change in appearance 
or dimension, loss in weight, or change i in 
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some strength property. For example, 
Carswell, Telfair, and Haslanger (6) de- 
fine the “approximate limiting tempera- 
ture”’ of a material on the basis of a per- 
missible 10 per cent reduction in strength 
after 162 hr. of heating followed by cool- 
ing to room temperature prior to test. 
Hausmann, Parkinson, and Mains (7) 
used as the criterion for heat resistance 
the “highest temperature that the ma- 
terial will withstand without visible de- 
terioration or objectionable change in 
the particular physical property chosen 
for study.” This type of definition has 
been incorporated into A.S.T.M. Tenta- 
tive Recommended Practice for Deter- 
mining Permanent Effect of Heat on 
Plastics (D 794-44 T),® which specifies 
a heating period of 7 days followed by 
cooling to room temperature prior to 
evaluation. 

As indicated above, the maximum 
operating temperature (M.O.T.) may 
be considered, essentially, as the highest 
temperature at which a material may 
be continuously maintained, without ex- 
cessive deterioration. Based on a study 
of a segment of the data contained in this 
paper, the following arbitrary criteria 
for determining M.O.T. were tentatively 
set up: 

Considering measurements made at 
elevated temperatures, the M.O.T. shall 
be taken as the maximum temperature 
(a) at which no value of mechanical 
strength falls below 50 per cent of its 
initial (C-168/25/50) value after 768 hr. 
of exposure to the elevated temperature, 
and (b) at which the decrease in any 
mechanical strength value in the period 
192-768 hr. of exposure does not exceed 
10 per cent of its initial value. 

Further study of the behavior of cer- 
tain laminates, which dropped sharply in 
strength after one or two hours of heating 
but which increased in strength as con- 


190 Book of A.S.T.M. Standards, Part 6, p. 713. 
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ditioning time increased, prompted the 
addition of a further criterion: (c) No 
value of mechanical strength shall, at 
any time during the conditioning period, 
fall below 50 per cent of its initial value. 

Based on these criteria, the M.O.T. of 
the laminates evaluated would be as fol- 
lows: glass-melamine 150 to 200 C.; 
phenolics 100 to 150 C.? 

It is interesting to compare these 
values with those given by other investi- 
gators. Norelli and Gard (8), for ex- 
ample, have stated that phenolic lami- 
nates can be used continuously at 100 to 
125 C. and intermittently at 150 to 175 
C. It has also been stated (7) that high- 
impact phenolics may be serviceable at 
temperatures as high as 160 to 170 C. 
and that cellulose-filled phenolics are 
good to 130 to 150C. (3). 


DISCUSSION 


Examination of the data and curves 
shows that, in general, at all tempera- 
tures, specimens heated for 1 hr. and 
tested at the elevated temperature, have 
lower strength than “as-received” 
samples tested at room temperature, the 
drop being greater as the temperature 
increases. Under certain conditions, de- 
pending on the material, this may be 
followed by a period of increasing 
strength as heating continues. Finally, 
particularly at the higher temperatures, 
the strength may fall off again after long- 
time heating. It is also noted that the 
modulus parallels this hehavior, decreas- 
ing initially and increasing or decreasing 
as the strength varies. 


A strict a potatos of of criterion (¢) would require 
that the M.O.T. of type PBE material be taken as 50 to 
100 C. since the value of face-loaded flexural strength after 
4hr. at 100 C. is 49.5 per cent of the initial value. eases, 
since this is the only respect in which the material fails 
to meet requirements and since the value is so close to 
50 per cent, it is considered that for all practical purposes 
the given range is justified 

urrent investigations “of the phenolic laminates at 
125 C. show that both materials fail to meet the require- 
ments of criterion (c) at this temperature. The M.O 
for both phenolic laminates may therefore be aaa 
down to the range 109 to 125 C. 
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While the detailed mechanisms of the 
phenomena described above are undoubt- 
edly complex, it is believed that the be- 
havior noted may be explained, qualita- 
tively, in terms of three main effects, in 
accordance with thefollowing hypotheses: 

1. An initial “softening,” noted as a 
strength decrease as well as a decrease in 
modulus, occurs after a short heating 
period. This effect is relatively rapid. 
commencing immediately upon heating, 
and a marked decrease in strength may 
be noted in several minutes. It is believed 
that this effect is physical in nature, the 
resin softening in a manner analogous 
to the decrease in viscosity of a liquid as 
the temperature is raised. 

2. Additional ‘‘cure” may occur in the 
resin as the material is heated. This is a 
chemical effect, in which further cross- 
linking takes place, and manifests itself 
as an increase in strength and stiffness 
(modulus). It would be expected that this 
reaction would be relatively rapid ini- 
tially but would fall off in rate as avail- 
able unreacted functional groups were 
used up. 

3. Heating the material may cause 
scission of bonds, decomposition of resin 
and filler, and general degradation of ma- 
terial, tending to decrease the strength 
and modulus. This would be a progres- 
sive effect and would be expected to be 
cumulative as time of heating was ex- 
tended. 

It is recognized that the above hypo- 
thetical analysis is considerably simpli- 
fied and that, in addition, there would be 
further complicating effects such as 
might be due to the driving off of mois- 
ture, incipient delamination due to ex- 
pansion, oxidation, etc. 

The net behavior noted at a particular 
point would, of course, depend on the 
material, temperature and time of ex- 
posure. In a given case, the initial soften- 
ing effect would occur in a short time. 
If this effect were isolated from all others, 
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the strength and modulus would reach a 
minimum, characteristic of the material 
and temperature, and would then remain 
constant, just as, in the absence of ex- 
traneous effects, the viscosity of an oil 
attains a characteristic value dependent 
on the temperature. 

As the temperature rises, reaction rate 
increases and, under certain conditions, 
the cure or cross-linking effect may be 
superimposed on the softening effect, 
causing a net increase in strength and 
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CURE CURVE 


NET CURVE 
“SOFTENING EFFECT"BASE LINE 


STRENGTH 


ELEVATED TEMPERATURE CONDITIONING TIME 


Fic. 6.—Hypothetical “Individual Effect” 
Strength versus Time Curves and Resultant Net 
Curve. 


modulus. Again, in the absence of other 
factors, the strength would increase with 
time of heating, rapidly at first but level- 
ing off at a maximum value as the reac- 
tion approached completion. It would 
also be expected that this maximum 
would be attained more rapidly at higher 
temperatures. 

Finally, the effect of degradation 
comes in to play, simultaneously with the 
above, and may cause a net decrease in 
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strength and modulus, depending on con- 
ditions. The whole process is un- 
doubtedly dynamic, all of the effects 
manifesting themselves at the same time, 
the net test result depending upon the 
relative preponderance of one or another 
of the individual effects. Thus at very 
high temperatures, such as 250 C., the 
effect of degradation may be so marked 
as to cause a continuous, rapid decrease 
in physical properties, masking out 
effects of cure. 


——_TESTED AT 256. 
AFTER C-I68/25/50 


----TESTED AT 250C. 
AFTER |HR.AT 250C. 


LOAD 


DEFLECTION 


Fic. 7.—Typical Face Compression Load- 
Deflection Curves for Thermosetting Laminates. 


The foregoing hypothesis may be pic- 
tured as shown in Fig. 6, which gives a 
graphic representation of one possible 
combination of the three effects showing 
cure and degradation from the “soften- 
ing effect”’ base line, and the combined 
effect which would be noted in testing. 
Although only roughly qualitative, the 
shape of the curve is similar to that of 
curves obtained, under certain condi- 
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tions, with each of the materials tested. 
Varying the shape of the separate curves 
would cause a variation in the net curve 
approximating behavior actually noted. 
Thus a steeper “cure” curve would shift 
the maximum in the net curve to the left, 
a very slow degradation curve would 
cause the net curve to increase to a maxi- 
mum and then level off or fall very 
slightly after a long time, and a very 
steep degradation curve would cause a 
continuous decrease in the net curve, as is 
actually noted at 250 C. 

Further evidence of the softening effect 
may be seen in the face compression load- 
deflection curves shown in Fig. 7. “As 
received” samples, tested at room temper- 
ature, give the usual curves which start 
with a straight line portion, deviate from 
the straight line at higher loads, and 
finally break. However, samples tested 
at 250 C. after one hour of exposure to 
this temperature give curves of an 
entirely different shape. In the case of 
the phenolic laminates there is an ex- 
tended initial portion of the curve in 
which a large deflection occurs at low 
loads; this is followed by an increasing 
slope which falls off at break. The GMG 
material behaves in a similar manner, 
though the initial portion of the curve 
is less marked. Apparently at 250 C. the 
resins are relatively soft and compres- 
sible; as the resin yields under stress, the 
filler increasingly takes up the load and 
the stiffness increases. As a rough check 
on this behavior hardness measurements 
were performed on hot specimens and 
showed an actual physical softening, in 
some cases after less than 15 min. of 
heating. 
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Recent work at the Material Labora- 
tory has included experience with lam- 
inates of other types of thermosetting 
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resins than those included in this report, 
and it has been found that the afore- 
mentioned softening and curing effects 
occur to a much more marked extent in 
certain of these materials. It is also in- 
teresting to note that preliminary tests 
conducted after exposure periods of less 
than one hour show that, under certain 
conditions, minima in the strength-time 
curves may occur in as little as 15 to 30 
min. 

The phenomenon of _ increasing 
strength with increasing time of ex- 
posure, due apparently to additional 
cure, would be expected to occur to an 
extent depending on the degree of initial 
cure of the material. It is known that in 
the commercial materials used in these 
investigations cure was by no means 
complete. If it were possible to obtain a 
material which was fully cured, then it 
would be expected that the strength-time 
curves would be continuously down- 
ward. 

Although definite conclusions cannot 
be drawn at the present stage of the in- 
vestigation, there is evidence to indicate 
that the behavior pattern herein dis- 
cussed may be common, to a greater or — 
lesser extent, to thermosetting materials 
in general. At present several other types 
of laminate are under investigation at 
the Material Laboratory and, if pro- — 
jected plans are realized, this work will 
be extended to include molded materials. 
The results of these and similar studies 
should provide additional data to assist 
in the analysis of the effects of high tem- 
peratures on thermosetting materials. 
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A MELAMINE-GLASS FABRIC LAMINATE* 


W. J. Wortey!' anp W. N. Finpiey! 


SYNOPSIS 


Results of creep tests of a melamine-glass fabric laminate at temperatures of were 
40, 77, and 130 F. are reported. The relative humidity of the air surrounding the 
specimens was maintained at about 50 per cent by improved apparatus 
described. Creep was measured from specimens tested at several different stresses _ 


for each of the three temperatures. Dimensional changes under no stress and 
changes in weight of the material were also recorded. 7 

Correlation of the data with the activation energy theory of creep is ex- _ 
amined by means of a new method of analysis. It was observed that the creep 
resistance of this material was much greater than that of the canvas laminate 
and rayon laminate previously reported (1)? and its temperature sensitivity 
was much less than that of the canvas laminate. 

The problem of obtaining accurate creep data on plastics is discussed. 


During the interval from the time our 
first tests were conducted at different 
temperatures (1)? in 1945 to the present 
tests the authors attempted to improve 
the testing apparatus and technique so 
that more precise creep test data on 
plastics could be determined for analysis 
and comparison with theories of creep. 

The influencing factor which had 
proven most difficult to control in the 
previous tests (1) was relative humidity. 
Accordingly the laminate chosen for the 
present tests was selected as having less 
sensitivity to humidity changes than the 
laminates previously tested. This lami- 
nate was also chosen because of the 
current interest in its high strength and 
temperature resistance. Improvements 
which had been made in the means for 
controlling relative humidity were used 
in the current test procedure. 


* Presented at the Fifty-second Annual Meeting of the 
Society, June 27-July 1, 1949. 

1 Assistant Professor and Research Associate Pro- 
fessor, respectively, College of Engineering, University 
of Illinois, Urbana, IIl. 

2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1412. 


In order to permit more complete com- 
parison of the properties of this laminate 
with other laminates the stress-strain 
curves in tension and compression, 
fatigue strength, and hardness are re- 
ported. 


Material Tested and Specimens: 


The material tested was a glass-fabric 


laminate molded with a melamine- 


formaldehyde resin at a pressure of 
1250 psi. and a temperature of 284 F. 
The preparation and composition of the 
laminate are summarized in Table I. 

Dimensions of static tension and 
compression specimens as well as creep 
specimens are shown in Fig. 1. All 
specimens were cut from the sheet wit 
their longitudinal axes parallel to one 
another and parallel to the direction of 
greatest strength of the sheet. The creep 
specimens were cut from the original 
sheet in such a manner that the flat side 
of the specimens were perpendicular to 
the plane of the sheet. 
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Control specimens used to determine 
the magnitude of shrinkage during the 
test were identical with the creep speci- 
mens. The control specimens for de- 
termining the change in weight of the 
material during the test were the same 
as the creep specimens except that the 
width throughout corresponded to that 
of the reduced section of the creep 
specimens. 

All specimens were placed in a con- 
trolled-atmosphere room maintained at 
77 + 1F. and 50 + 2 per cent relative 


TABLE L—PREPARATION AND COMPOSITION 
OF GLASS FABRIC LAMINATED WITH 
MELAMINE RESIN. 


.. Textolite No. 11508 Br. 
General Electric Co. 
American Cyanamid Co. 
Melmac 402 
Melamine-Formaldehyde 

1 mol melamine 
2 mols formaldehyde 
60 per cent solids 


Solvent 


= turns per inch (Z) 
in twisting 
-4turns per inch (S) 


Weight raw, “of fabric...... 6.00 = "per sq. yd. 
Thread count of fabric..... 42 as 
Tensile strength of warp... 250 lb. per in., min. 
Tensile strength of fill...... 200 lb. per in., min. 
of plies in 
62 (estimate) 

of laminations......... Laminated 
Molding 
Molding pressure. . 
Molding time 
Temperature when removed 

from press. . 


humidity for at least two weeks after 
machining before testing was started. 
(All room-temperature tests were con- 
ducted here.) 


Test Apparatus; Relative Humidity Meas- 
urement: 


The apparatus used for the static 
tension and compression tests and the 
creep tests at 77 F. has been described 
previously (2, 3). Also, the construction of 
the insulated cabinets for creep tests at 
39.7 + 2F. and 129.6 + 2F., the 
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method of controlling humidity in these 
cabinets by a glycerol-water solution at 
50 + 5 per cent and 50 + 2 per cent 
respectively, and the apparatus used in 
measuring temperature and relative hu- 
midity in the cabinets were as described 
in a previous paper (1) except as dis- 
cussed below. 

It was found that the thin rubber 
membranes previously used as moisture 
seals were too permeable. Less permeable 
seals were constructed of brass washers 
held in place around the loading rods by 
spring clips. Grease was used to seal the 
remaining small annular space. 


a. Tension Specimen 


ad" 


Sec AA 


Long 


c¢ Short Cross Section 
b&c Compression Specimens 


= +015" 
“Rad Sec AA 


Specimen 
(Note in Scale) 


Fic. 1.—Static and Creep Specimens. Section 


rd lines indicate plane of laminations. 


It was found necessary to draw the air 
sample at a particular time in the heating 
or cooling cycle of the cabinets. 


Special nomographs were constructed 


to speed the calculation of relative 
humidity. 

To date, we have not found a satis- 
factory sensing element for relative 
humidity which will maintain its cali- 
bration during changes from 40 to 77 F. 
or from 77 to 130 F., and be reasonably 
free from drift. Methods of measurin 
the relative humidity which have been 
tried unsuccessfully since the first report 
on creep tests with this apparatus in- 
cluded the dew point method, the 


4 


9% 
| 
Designation........ 
Laminator......... 
Number of resin. .. 
q 
mposition of resin....... water 
5 per cent | 
butanol ‘>; 
Lat 
Weave plain 
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method of measuring the resistance of 
a hygroscopic salt and a diffusion 
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same rate of strain (0.0016 in. perin. per 


min.). The technique used was the same 
as described previously (2, 3). 


= 


Specimen B-5 
Elastic Modulus, 
E=3,720,000psi 


Rate of Strain 
0.0015 inper in. min. 


Yield Strength at 0.05% Offset, 


11500 psi. 
Yield Strength at 02% Offset, 


0004 


0008 


0.012 0.016 


Strain, in per inch 


Fic. 2.—Representative Static Tension Test Results for a Melamine-Glass Fabric 
Laminate. 


Specimen A-5 
Elastic 
3,800,000 ps 


Rate of Strain 
in per in. 


min 


Time, sec 


8 


0004 


0.008 0.012 
Strain, in per inch 


Fic 3.—Representative Static Compression 
Test Results for a Melamine-Glass Fabric Lam- 


bie tests and in Fig. 3 for static compression 
vee of typical specimens of the mela- 


inate. 


Test Procedure: 


The static tests were run at constant 
rate of head motion and both tension and 
compression tests were conducted at the 


The procedure used in conducting the 
tension creep tests was substantially the 
same as used in the earlier paper (1) 
except that a longer time elapsed (30 
days) from the time the specimens were 
mounted to the time the loads were 
applied and a longer time was required 
(2 days) to complete initiating the 
series of tests at each temperature. 


Results: 


Representative stress-strain diagrams 
are shown in Fig. 2 for static tension 


mine laminate. The ultimate strength, 
yield strength at 0.05 and 0.2 per cent — 
offset, initial modulus of elasticity and 
secondary modulus of elasticity in ten- 


neti | 

44000 ae | 

a! wen) 16000 | r 

20000 
216000 
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sion and compression are given as 
averaged values in Table II together 
with the fatigue strength at 10’ cycles 
and average values of specific gravity 
and Rockwell hardness. 

It was observed that the laminate was 
about 66 per cent stronger in tension 
than in compression. An abrupt change 
in slope of the stress-strain curve occurred 
at about 4000 psi. in tension, but not in 
compression. The slope of the curve 
below this point has been called the 
initial modulus and the slope above the 
point the secondary modulus. 


TABLE II.—A SUMMARY OF THE MECHANICAL 
PROPERTIES OF THE MELAMINE-GLASS 
FABRIC LAMINATE. 


Specific gravity. . 
Initial tension modulus of elasticity psi. 5 


1.90 

3 870 0004 
tension modulus of 

2 990 0004 


U timate strength i in tension, psi peswasions 
Tension yield strength at 0.05 per cent 
offset, psi.. 
Tension yield strength at 0.2 per cent 
offset, psi. 
Compression modulus, psi........ 3 900 
Ultimate strength in compression, psi.... . 26 1 
Compression y ield strength at 0.05 per cent 
offset, psi. 
Compression yield strength at 0.2 per cent 


Redes ‘perpendicular to lami- 


Fatigue strength at 7 F., 
107 cycles,° — 


1004 
1 3004 
7 3004 


b 


M 1194 


1800 rpm., 
14 600 


e ~ er failed before 0.05 per cent offset was 
reaghed 
Specimens failed before 0.20 per cent offset was 
reache 
¢ Unnotched specimens tested in a rotating-cantilever- 
beam fatigue machine. 
Average of four tests. 


The creep and recovery as a function 
of time are presented in Figs. 4 to 6 for 
the three test temperatures. The relative 
humidity and the weight of the control 
specimen have been included in these 
figures to aid in interpretation of the 
data. The change in length of a control 
specimen which carried no load is also 
included in these figures. 

Only a relatively small amount of 
creep occurred and it occurred at a 
decreasing rate approaching zero for this 
laminate. After the creep data had been 
extended to about 3500 hr., the loads 
were removed from the specimens and 
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the recovery of the strain was recorded 
as shown in Figs. 4 to 6. 

There was no significant change in 
weight of any of the control specimens. 
However, a very slight downward trend 
was observed for the 129.6 F. test indi- 
cating that the specimen may have been 
drying out at a very slow rate. It was 
also noted that the control specimen 
stretched at 39.7 F. and shrank at 
129.6 F., whereas at 77 F. the specimen 
first stretched and then contracted but 
did not deviate very far from its initial 
value throughout the time of testing. 

Since the equipment for determining 
relative humidity was not available to 
the investigation beyond the time when 
the recovery tests were initiated at the 
high and low temperature, no record of 
relative humidity is available for the 
last 1000 hr. in Figs. 4 and 6. It is ap- 
parent from the decrease in the length of 
the control specimen at 129.6F., that 
the relative humditiy decreased rapidly 
beyond 3500 hr. Thus the apparent high 
rate of recovery beyond this point must 
be corrected for shrinkage in the control 
specimen. The behavior of the control 
specimen at 39.7 F. indicates that the 
relative humidity did not deviate very 
greatly or that its effect was negligible. 

Considering the relative humidity 
over the first 3200-hr. period, it appears 
that the control was not as close as 
desirable. It will be observed that a 
discontinuity occurs in the data at 
about 250 hr. for the tests at 39.7 F. 
(Fig. 4). It was not possible to determine 
the cause of this disturbance but it was 
observed that the relative humidity did 
increase at this time and then slowly 
returned to a lower mean value. How- 
ever, the magnitude of the disturbance 
appeared to be far too great to have been 
the result of this factor alone. Another 
possible explanation may have been 
that the cooling unit ceased to function, 
permitting the temperature in the test 
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chamber to approach room temperature. 
If this occurred, control was regained 
automatically before the next check was 
made since no such trouble was noted. 
Since a continuous record of tempera- 
ture was not available, there was no way 
to verify this possibility, but an increase 
in temperature would have resulted in an 
increase in specimen length which might 
not have recovered immediately. It was 
noted also that the data before 250 hr. 
appeared to line up with the data just 
beyond 1000 hr.; thus the specimens 


TABLE III.—SUMMARY OF 


each stress, and the strain corresponding 
to a time of 20 sec. was read from the 
straight line. This technique was based 
on the observation that creep data yield 
nearly linear curves for at least the 
first few hours when plotted on log-log 
coordinates (4, 5). 

The values for the 20-sec. “instan- 
taneous” strains are presented in Table 
III. When plotted as functions of stress 
for the three temperatures, these data 
form smooth straight curves, similar to 
the stress-strain curves for the static 


CREEP TEST DATA. 


for 


in Strain 


Corrected 


Total Strain at 1000 
Shrinkage, per cent 


cent 
“hr. 


Strain at 20 sec., per 


Increase 


(Creepocity) 
20 sec. to 1000 
hr., per cent 


| 


ficient in Eq. (1), 
Corrected for 
hr., per cent 
per in. 


Average of Values 
‘otal Strain at 3000 


Total Strain Com- 
uted from Eq. (1) 
from Eq. (5) at 500 
hr., 1077 in. per in 


Computed from 
Shrinkage, per cent 


at 3000 
hr., 1077 in. 


Pp 
», Creep Rate at 500 


€0, Coe 


| Creep Rate Computed 


S22 | a, Instantaneous 


ane 


129.6 


Sone! 


(Avg.) 


appear to have recovered from the 
disturbance in this time interval. 

The “instantaneous” strain (€,) occur- 
ring at the initiation of a creep test was 
defined as the total strain measured in 
the specimen at the time at which the 
load had been fully applied to the speci- 
men for 20 sec. Since a reading was not 
usually obtained at 20 sec. the 20-sec. 
“instantaneous” strain was determined 
by plotting the readings of strain ob- 
tained during the first hour of the test as 
a function of the time in seconds on 
log-log paper. A straight line was then 
drawn through the plotted points for 


tension test shown in Fig. 2, and it is 
possible to obtain a value for the modu- 
lus of elasticity for these three tempera- 
tures. The moduli of elasticity obtained 
in this manner from the instantaneous 
creep versus stress relationship were 
2,840,000 psi. at 77 F., 2,910,000 psi. at 
39.7 F. and 2,740,000 psi. at 129.6F., 
and were reasonably close to the second- 
ary tension modulus, 2,930,000 psi. at 
77 F. 

The total strain (€), including the 
instantaneous strain, was measured for 
all specimens at 1000 hr., and all strain 
values were corrected for the change in 


J 
Dp Fm 
| _ 
| 
Rela- 
ee tive | Stress 
q 
a 
4 100 
> RS 39.7 50 8 200 0.1323 0.2865 0.2815 | 0.2522 fall 0.395 
12 000 0.2035 | 0.4284 | 0.4330 | 0.3858 | ... 0.608 
16 400 0.2853 | 0.6050 | 0.6060 | 0.5453] ... 0.851 
2 400 0.0363 | 0.0808 | 0.0782 | 0.0649 | 1.45 0.152 
; 4 800 0.0772 | 0.1696 | 0.1667 | 0.1403 | 1.95 0.323 
7 200 0.1196 | 0.2639 | 0.2580 | 0.2202 | 1.78 0.500 
77.0 50 9 600 | 0.1611 | 0.3524 | 0.3475 | 0.3013 | 1.38 0.674 
| 12 000 | 0.2063 | 0.4467 | 0.4450 | 0.3837 | 1.62 0.864 
| 14 400 | 0.2498 | 0.5403 | 0.5390 | 0.4724 | 2.26 1.035 
| 16 800 | 0.2918 | 0.6366 | 0.6290 | 0.5532 | 2.52 | 1.215 
4 100 | 0.1285 | 0.1554 0.0695 | 0.1712 | 0.1568 | 0.1245 | 0.79 0.466 
a 50 4! 8 200 | 0.2782 | 0.3288 0.1490 0.3528 | 0.3355 | 0.2683 | 1.58 0.997 
12 000 | 0.4225 | 0.4985 0.2260 | 0.5352 | 0.5080 | 0.4080 | 2.70 1.512 


oe of the zero load specimen. The 
corrected values for the total strain 
(€2) appear in Table III. When plotted as 
functions of stress for the three tempera- 
tures they also form smooth almost- 
straight curves, having a very slight 
upward curvature, for all three tempera- 
tures. The readings for the total strain 
at 39.7 F. are nearly the same as those 
at 77F., probably because of the dis- 
turbance in the 39.7 F. creep curves 
mentioned earlier. 

The slope of the creep curves was so 
small that it was difficult to obtain an 
accurate determination of the rate of 
creep. The values measured at 500 hr. 
are shown in Table III except for tests 
at 39.7 F. where the disturbance pre- 
viously noted prevented measurement 
of the creep rates. 

The 20-sec. “instantaneous” recovery 
of strain on unloading the specimens are 
listed in Table III. These data indicate 
that most of the strain (about 97 per 
cent), which took place instantaneously 
on loading, was recovered instantane- 
ously on removal of the load after about 
3500 hr. under load. The recovery data 
(not all of which is given on the curves) 
also show that about 60 per cent of the 
creep (time-dependent strain) occurring 
during the 3500 hr. under load was re- 
covered in 2000 hr. following removal of 
the load. Recovery data available for 
some of these tests for as long as 7000 
hr. show very little additional recovery. 
This indicates that a small amount of 
irrecoverable or secondary creep will 
remain. 


Discussion of Resulis: 


The data on total strain yields further 
evidence in support of the proposition 
described in reference (2) that the per 
cent increase in strain from the start of a 
creep test to a given time is a constant 
independent of stress. This quantity was 
called the “creepocity” in the above 


» 
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the present tests. Except at low stresses 
where the measurement of creepocity 
was the least accurate the value was i 
substantially the same for all stresses at 

a given temperature, but increased with — 
temperature. 

As discussed in the reference cited, 
creepocity, if definitely established for a 
given class of material, would serve as a 
convenient measure of the serviceability _ 
of the material 


denote poor resistance to creep. 

Of course the creepocity alone will not _ 
define the complete creep behavior of a 
material even at a given temperature, 


measure of creep resistance. 
For example, if creep behavior of a ma- 

terial can be expressed with reasonable 

accuracy by an equation of the form 


+ 2”) 


where: 

€ = strain, total, in. per in., 

€) = strain, initial, in. per in., 

t time, hr., and 

n = exponent, dimensionless. 

As proposed for some plastics in an ; 
earlier paper by the author (5) then the 
per cent increase in strain, 
time /,; to time is 


100 = ~—— 100.... 
1+f; 


(1 + — + 4) 


If 4 is chosen as zero, m may be 
computed from ¢ by the following: 


= 


logio te 
or if 4 is chosen as unity, 


log + 


reference and is given in Table III for ne 


| 
i 
wt 
n= 
log 


Equation 4 is more useful than Eq. 3 
since creep proceeds so rapidly during 
loading and, during the first few minutes 
that the strain at zero time cannot be 
determined with sufficient accuracy. 


TABLE IV.—CONSTANTS FOR HYPERBOLIC SINE 
EQUATION. 


AS*, 
Acti- 
vation 

En- qA 
tropy, 
cal. |‘ 
per 
mole 
deg. K 


a 


A second method of determining ¢€ is 
to substitute the value of € at a given 
time in Eq. 1 and solve for €. If the 
strain «, at 1 hr. is used, the relation 


becomes 


The procedure of using these relations 
may be illustrated by the following: 
From the average creepocity the values 
of m were computed from Eq. 2 and are 
given in Table IV. The values of € were 
then computed by the second method 
using the value of m and the values of 


T 
129.6 F 
5.70 10°? in. per in. hr. 


46 000 psi. | 
| 77 


ve* 2.54 107 in per in. he. 
»5 000 psi. 


Creep Rate, v, Calculated from vsE,nt®' 10°? in per in hr. 


090 psi 


4000 8000 i2000 
Stress, psi. 


16 COO 


0.1 0.2 0.3 0.4 0.5 0.6 0.7 


SinhE 


Fic. 7.—The Effect of Stress on the Creep Rate Calculated at 500 hr. 


The value of €) in Eq. 1 can be de- 
termined from tests at each stress by 
‘means of measured values of creep 
rate v ata known time / and the value 
of n determined as above. The creep 
rate is given by differentiating Eq. 1 
thus: 


from which €) may be computed. ea 


strain at either 20 sec. or 1000 hr. (see 
Table III). These values of » and € were 
then substituted in Eq. 1, the strain at 
3000 hr. was computed, and the values 
compared with those measured from the 
creep tests (see Table III). All but one 
of the computed values were within 5 
per cent of the measured creep. 

If, on the other hand, the measured 
creep rates for tests at 77 F. were used 
with Eq. 5 to determine €, the values of 


| 


€ 
) 
Po, Acti- ulus 
= 1077 vation > of 
ture, | | ener- Elasticity 
4 deg. pe. di-’ from 
‘Fahr. in. cal. ren-| 
hr. ion-| Tests, 
mole need psi. 
39.7 |1.27/26 000 | 4500 43 |0.0137| 2 910 000 
j 77.0 |2.54)35 000 | 4500 | 34 |0.0186) 2 840 000 
129.6 |5.70|46 000 | 4500 29 |0.0281) 2 740 000 
16 
| | 
39.7 
39.7 F 10-7 in 
| 
- 
| 
de 
T= - = 
dt 


0.020 
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strain at 3000 hr. determined by substi- 
tution in Eq. 1 were found to be much too 
large, due in part to the uncertainty of 
the measured creep rates and to the fact 
that Eq. 1 appears not to fit the data 
exactly. 

The values of creep rate at 500 hr. 
determined by substituting values of n, 
€) (second method), and ¢/ in Eq. 5 were 
much less than those measured from the 
slope of the creep curves at 500 hr. This 
discrepancy is due in part to the diffi- 
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papers (1, 6) and may be expressed in the 
following form: 


As* 
TeR ¢ RT sinh —— 
where: = 
v = the creep rate, in. per in. sec., _ 
T = the absolute temperature, deg. 
= the entropy of activation, cal. 
per mole, deg. K., 
the energy of activation, cal. 
per mole, 
= the tensile stress, dynes per 
sq. cm., 
= the Boltzmann constant, 
the Planck constant, 
= the gas constant 
= dimensions of the 
flow,” 
= stress concentration factor, and 
= the distance through which 


gAlo le 


Lh 


4 
— 
3 


AS* 


AH* = 


“unit of 


the shear stress acts in 
carrying the unit. of flow 
from the normal to the 


33 34 
\/t, '000/deg k 


Fic. 8.—Correlation of Cree Rate and Tem- 
perature for a Melamine-Glass Fabric Lam- 
inate. 


culty of measuring the slope accurately 
and in part to the fact that Eq. 1 does 
not fit the data exactly. The computed 
creep rates are also shown in Table III. 

It was observed that the computed 
creep rates were much more consistent 
in their stress dependence than the 
measured values, see Fig. 7. Thus it was 
possible to compare the creep properties 
of the melamine laminate with the 
activation energy theory for temperature 
and stress dependence. 

The activation energy theory for 
creep has been reviewed in previous 


activated state. 

To test the applicability of Eq. 7 with — 
respect to stress dependance the equation 
may be written as 


This relation was found to fit the 
derived creep rates reasonably well as 
shown in Fig. 7(6). From values of 
%, %9 and the absolute temperature T it 
was possible to calculate the activation 
energy, AH*, activation entropy, AS*, 
and product gA/ in the same manner 
described previously (1). See Table IV. 
These calculations involved plotting log 
(m/T) versus 1/T as shown in Fig. 8. At 
129.6 F. the creep rate was so nearly a 
linear function of the stress that u and 
a could not be determined precisely as 
independent quantities, but their ratio 
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a could be determined. For this reason 
0 


the value of % was chosen so as to lie on 
the straight line drawn through the 
other two points in Fig. 8. 

This straight line is in accordance 
with the requirements of the theoretical 
equation, Eq. 7. From the slope and 
intercept of the straight line the values 
of AH* and AS* were determined and are 
listed in Table IV together with values 
of gAl calculated from o» and T by sub- 
stitution in Eq. 6 of the previous paper 
(1). It may be mentioned that the acti- 
vation energy and activation entropy of 
a composite material such as the present 
laminate are probably effective values 
representing the contribution of all 
components. 

An examination of Eqs. 1 and 7 dis- 
closes that: the time-sensitivity of creep 
as expressed by these equations is rep- 
resented by the exponent m (and hence 
the creepocity ¢); the temperature sen- 
sitivity of creep is given approximately 
by the activation energy AH* (when 
gAla 

kT 
the approximation is very good); the 
stress sensitivity of the creep is given by 
gAl; and the change in degrees of freedom 
in the structure of the material resulting 
from ereep is given by the activation 
entropy AS*. That is, a negative value 
of activation entropy indicates that the 
creep places certain molecules or fibers in 
a more strained position than formerly 
so that these components have fewer 
degrees of freedom. The net result is a 
less random distribution of energy in the 


is small as in the present instance, 


or intermolecular bonds. 


If the results of creep tests previously 
reported for canvas laminate (1) are 
compared with that of the melamine- 
glass fabric laminate it is found that the 


time sensitivity was much less for the 


melamine-glass fabric, as indicated by 


oft: 


the creepocity from 20 sec. to 800 hr. for 
the canvas laminate (not previously 
reported) was 47.6, 59.1 and 113.2 per 
cent at 42.5, 77.0 and 1284F. re- 
spectively or about 6 times the creepocity 
from 20 sec. to 1000 hr. for the melamine- 
glass fabric laminate. Also, the tempera- 
ture sensitivity as measured by the acti- 
vation energy was much less for the 
glass fabric laminate (450 compared 
to 16,000) the stress sensitivity as 
measured by gA/ was much less (29 to 43 
compared to 105 to 622) and the de- 
crease in degrees of freedom resulting 
from creep as measured by the activation 
entropy was greater for the glass fabric 
laminate (—91 compared to —49.6). 

It was found that gAl decreased with 
temperature for the glass fabric laminate 
as observed also for canvas laminate and 
one of the 14 metals studies by Kauz- 
mann (7). According to Kauzmann’s 
interpretation this means that for the 
fiberglas laminate the area in the plane 
of shear stress of the structural element 
involved in the flow process decreased 
with increase in temperature. 

A comparison of the present data 
with that obtained for a glass fabric 
laminate molded with polyester (2, 3) 
indicated that the creepocity from 20 
sec. to 1000 hr. was 16.4 per cent for the 
polyester laminate and 12 per cent for 
the melamine laminate at 77 F. This 
indicates that the polyester laminate 
was somewhat more time-sensitive than 
the melamine laminate. 

The time sensitivity of rayon laminate 
(1,2) as measured by creepocity was 
much greater than that of the melamine- 
glass fabric laminate. The average creep- 
ocity from 20 sec. to 800 hr. for the 
rayon laminate (not previously reported) 
was 73.5, 82.3, and 88.8 for tempera- 
tures of 42.5, 77.0, and 1284F. re- 
spectively. 

It is of interest to note that the creep- 
ocity increased with temperature for 
these three laminates. 


_ the creepocity. The average value of 
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Discussion of Creep Testing Technique: 


Measurement of strain to 0.0000001 
in. per in. is needed for an accurate 
determination of creep rate at low 
stresses or moderate temperatures. 

In addition to the precise measure- 
ment of strain, the problems of providing 
sufficiently accurate measurement and 
control of variables such as temperature, 
moisture content of the specimen, and 
extraneous vibration, were considered. 

Close control of these other variables 
is required because small changes in any 
of them result in variations of the strain 
which may exceed the magnitude ofthe 
strain resulting from creep for short 
intervals of time. 

It was not possible for these quantities 
to be recorded automatically in the tests 
but had such records been available, it 
would have aided in the interpretation 
of the test data. To improve the present 
testing apparatus, the contiriuous re- 
cording of temperature would offer no 
serious problem and the relative hu- 
midity could be recorded with a sensing 
element which would either change the 
resistance of or apply a voltage to an 
electrical circuit. Here the chief problem 
that might be encountered, however, 
would be the drifting of the zero of the 
sensing element and the auxiliary equip- 
ment. 

The rapid shrinkage of the glass-fabric 
laminate at 129.6 F. when the relative 
humidity was no longer controlled sug- 
gests a need for control of relative hu- 
midity for tests at still higher tempera- 
tures even for the glass-fabric laminate. 
At such temperatures shrinkage due to 
loss of moisture content may present a 
serious problem unless the vapor pres- 
sure of the atmosphere surrounding the 
specimen can be maintained at the same 
value as the internal vapor pressure of 
the specimen. 

In order to prevent dimensional 
changes during long-time tests, such as 
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shrinkage of the specimens resulting 
from changes in moisture content, the 
following methods might be used in an 
improved apparatus. The first method 
involves heating the specimens to the 
test temperature in a creep testing 
machine located in a laboratory having 
a controlled temperature (77 F.) and 
relative humidity (50 per cent) and 
maintaining the specimens at this tem- 
perature until their lengths stabilize, 
before the creep tests are started. Then 
the specimens are tested in creep in the 
same controlled laboratory. The other 
method involves adding moisture to the 
test cabinet or furnace using one of the 
two methods of detection and correction 
described below. 

The first of these consists of manually 
or automatically adding moisture to the 
cabinet in sufficient quantity to prevent 
the length of a specimen, equipped with 
an extensometer and carrying no load, 
from changing. The second method con- 
sists of manually or automatically add- 


ing moisture to the cabinet in response 


to an indicating or controlling scale 
beam mounted within the test chamber 
in such a way that the beam responds 
to a change in the weight of a specimen. 
The continuous recording of shocks or 
transient vibrations as well as steady 
state vibrations of the creep test appara- 
tus could be accomplished by means of 
suitable vibration measuring and record- 
ing instruments capable of detecting low- 
frequency vibrations. 
quency beri 
Summary and Conclusions: 


The relation between the total strain 
at 1000 hr. and the stress appeared to 
be nearly a linear function for all three 
temperatures; whereas, for the materials 
studied in the earlier paper (1), there - 
was a very pronounced curvature. 

The creep resistance as indicated by 
the total strain at 1000 hr. was affected — 
only slightly by temperature. 
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The per TT increase in strain for a 
given time interval (“creepocity”) during 
the first 1000 hr. was nearly independent 
of stress but increased with increasing 
temperature. 

The recovery data indicated that 
approximately 97 per cent of the 20-sec. 
instantaneous strain was recovered in the 
20-sec. instantaneous recovery following 
a period of about 3500 hr. under con- 
stant load. The amount of irrecoverable 
strain was small. 

The weight of the control specimens 
at each temperature remained nearly 
constant as long as the relative humidity 
was nearly constant. 

The length of the zero-stress speci- 
mens increased at the low temperature, 
remained substantially constant at room 
temperature, and decreased at the high 
temperature. 

The creep was so small that the appa- 
ratus was unable to provide data of 
sufficient accuracy to evaluate the creep 
rate by measuring the slope of the line. 
It appeared that both closer control of 
temperature and humidity and a more 
sensitive strain measuring instrument 
than presently available is needed. 

Another method of determining the 
creep rate from constants in an equation 
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for creep € = & a + was 
which gave consistent results. 

The activation energy, AH*, activation 
entropy, AS* product of gA/ and time 
exponent m, were evaluated and their 
meanings in terms of the properties of 
the material were discussed. 
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Mr. V. F. Downinc.'—Were any of 
those temperatures, mentioned as high 
temperatures, anywhere near the cure 
temperature of the resin itself, or were 
they all lower? Modified phenol-formal- 
dehyde resins which we have tested at 
our laboratory seem to exhibit radical 
changes in physical characteristics at a 
temperature equivalent to their cure 


1 Physicist, American Brake Shoe Co., Chemical Lab., 
Mahwah, N. 


temperature or at temperatures higher 
than cure temperature. 

Mr. W. N. FINDLEY (author’s closure). 
—The highest temperature employed in 
the creep tests reported was 129.6 F., 
which was considerably lower than the 
molding temperature of 284 F. However, 
this project has been reactivated and 
tests at temperatures up to 400 F. are 
now in progress on this material. It may 
be that these tests will show the radical 
changes Mr. cnet observed. 
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THE MEASUREMENT OF DYNAMIC MODULUS IN ADHESIVE JOINTS 
AT ULTRASONIC FREQUENCIES* 


By A. G. H. Dretz,! P. J. CLtosmann,? G. M. Kavanacgu,? AND J. N. Rossen? 


A method has been developed to measure, nondestructively, the dynamic 
modulus of an adhesive in the bond. The dynamic modulus, E£, is defined = 
the stress-to-strain ratio for sinusoidal displacements, and can be expressed as sie 
E = E, — ik, where £, is the ordinary Young’s modulus and E£, is the viscous 
modulus representing dynamic losses in the material. Nolle and Westervelt 
have derived formulas for E, and E, of a thin adhesive layer joining two cylin- 
drical bars end-to-end. The relations require a knowledge of the resonance 
properties of the cemented bar and a continuous bar of the same length and 
material. 
The equipment for obtaining the necessary resonance properties, the res- 
onant frequency and half-power bandwidth, consists of three major parts: a 
driving system to set up longitudinal ultrasonic vibrations in the specimens, __ 
a detecting system to indicate the amplitude of vibrations, and a frequency __ 
measuring system. 
Measurements have been made on stainless steel bar specimens, cemented 
with a phenol-formaldehyde polyvinyl-butyral adhesive, which have been sub- 
jected to various heat treatments. The results of this study indicate that the _ v7 
measured dynamic modulus is useful for selecting from a group of treated 
specimens those which have deteriorated and have low tensile strength. sen 
The method described is applicable to cemented-bar specimens composed 
of other types of bars and adhesives, provided that certain conditions cape a 


SYNOPSIS 


ing to the derivation of the formulas for the moduli are met. There is a pos- A 
sibility that similar principles can be used to measure the dynamic modulus | ai 
of reed type specimens composed of sections of lap joint or laminate. 


_ The typical adhesive joint is a thin 
and narrowly restricted region binding 
together two relatively massive bodies. 
While the joint is performing its func- 
tion, it is almost impossible to observe; 
once torn apart to be observed it is 
beyond further use. This natural inac- 
cessibility has impeded inquiry into the 
essential characteristics of such joints 


* Presented at the Fifty-third Annual Meeting of the 
Society, June 26-30, 1950. 

1 Professor of Structural Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass. 

2 Staff, Division of Industrial Cooperation, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 


and has made their inspection prior to 
actual use very difficult. The powerful 
experimental method of examination 
prior and subsequent to a desired treat- 
ment has been inapplicable to studies in 
this field; and the best that has been 
possible has been the statistical compar- 
ison of fragmentary experiments on sep- 
arate sets of specimens, a comparison 
which is hindered by the difficulties in 
securing reproducible specimens. Im- 
provement in this situation requires 
the invention of nondestructive test 
methods. 
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An attempt to develop a nondestruc- 
tive test for adhesives must center at 
first on the possibilities of examining a 
joint, or of measuring some of its prop- 
erties without destroying the joint. The 
experimental method presented here, 
based on theoretical considerations by 
Nolle and Westervelt,* has led to success- 
ful nondestructive measurements of the 
dynamic modulus of the adhesive layer. 
The possibility of using these measure- 
ments for a nondestructive quality test 
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Figure 1(a) is a sketch of a specimen 
with the thickness of the joint greatly 
exaggerated; the dotted lines indicate 
the vibrations of the ends of the rod. 
Figure 1(b) depicts the adhesive layer 
as a simple retarded elasticity model with i 
parallel spring and dashpot. The stress y 
resulting from an extension of the ad- 
hesive layer by a distance x has elastic 
and viscous components: 


STEEL BAR 
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is explored by means of experiments on 
heat-induced deterioration. 


Dynamic MopvuLus AND CALCULATION 
FROM RESONANCE MEASUREMENTS 


Resonance measurements made on 
cemented-bar specimens lead to the de- 
termination of a complex modulus, com- 
posed of an elastic and a viscous part, 
which is considered to be the stress-to- 
strain ratio for sinusoidal variations. This 
concept may be visualized by consider- 
ing the simplified representations of the 
longitudinally vibrating specimens em- 
ployed as shown in Fig. 1. 


2A. W. Nolle and P. J. Westervelt, ‘‘A Resonant-Bar 
Method for Determining the Elastic Properties of Thin 
Lamina,” Journal of Applied Physics, Vol.. 21, No. 4, 
April, 1950. 
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(b) RETARDED SPRING MODEL OF ADHESIVE LAYER 
Fic. 1.—Cemented-Bar Specimen. 


Here F is force, A is cross-sectional area, 
k is the spring constant, y is the intrinsic 
viscosity coefficient, and } is the thick- 


ness of the cement layer. The total stress 3 i. 
is then: > 


Here B is the maximum amplitude of ue 
vibration. Re indicates that only the real > 


part of the complex expression within : 
the brackets is considered. 


When the bar is vibrating longitudinally 
at angular frequency w, the extension at 
time ¢ may be taken to be: 


x = Re{Be**}, 


— 

| 

| 


1416 Dietz, CLOSMANN, KAVANAGH, AND ROSSEN 


Then: quency relation of the complete specimen 

in forced longitudinal vibration at ultra- 
sonic frequencies. In particular, measure- 
ments are made of the frequencies at 
which the driven specimen vibrates with 
half the energy that it has at resonance; 


and vpigh Of the system. The arithmetic 

average of these two frequencies is the 
The consideration of the dynamic mod- resonant frequency, », and their differ- 

ulus arises by taking k = Ej, the elastic ence is the half-power bandwidth, Ay. 


ADJUSTABLE SPECIMEN 
ELECTRODE 
HIGH PASS 15 MC. FM. SLOPE 
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BAND PASS 
FILTER 
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TRANSFORMER 


VACUUM 
ILLOSCOPE TUBE AMPLIFIER 
VOLTMETER 
BEAT FREQUENCY 
OSCILLATOR 


STANDARD 


FREQUENCY 
Fic, 2.—Block Diagram of Acoustical Apparatus. 
‘ 
modulus, and yw = EF, the viscous mod- For the cemented-bar system described 
ulus. We then have: here Nolle and Westervelt® have derived 


the following formulas for and 


—B 
— = Re{—[E, — iE] 


Since thestrain is Re, the quan- An — Am 
tity (E, — iE,) may be considered for- 
mally to be a “complex modulus,” the Here p is the density of the bar material, 
magnitude of whose + Ee. g- is a consistency factor, and is the 
For the simple physical picture consid- 2 
ered here, EZ, is a function of frequency, length of each rod comprising the 
and in general both parts of the dynamic cemented specimen. vy and Ay are the 
modulus would be found to vary with resonant frequency and bandwidth of 
frequency. The variation of E,; with fre- the resonance peak, respectively. The 
quency is a result of the oversimplified subscript 1 refers to the resonance prop- 
mathematical treatment and not of a_ erties of the cemented bar, and the sub- 
lack of fundamental significance in the script 0 refers to the resonance proper- 
measurements. ties of a continuous bar of length 7 and 
The measurements to be considered of the same material. 
in this work concern the amplitude-fre- In the derivation of these formulas it 
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was assumed that 6<J, the cross-sec- 
tional area of the adhesive layer is equal 

Avy; 
and 


to that of the bar, the ratio is large 


compared with that 


Vo Vo 

the expression for EZ, is accurate to within, 

10 per cent. These assumptions have been 


unity, 


”! is less than 0.3 
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value at resonance to provide the desired 
information on resonance properties. 
The apparatus is similar to that of 
Bordoni‘ and, functionally, consists of 
three parts: a driving system to set up 
ultrasonic vibrations in the specimens, a 
detecting system to indicate the ampli- 
tude of the resulting vibrations, and a 
frequency measuring system. A block and 


Fic. 3.—Specimen in Mount. 


fulfilled for the measurements to be de- 
scribed here. 


EXPERIMENTAL 


The complex modulus of the thin ad- 
hesive layer is to be found by comparing 
the resonance properties of the specimen 
with similar properties for a continuous 
bar. In order to measure the resonance 
properties, the specimen is set into longi- 
tudinal vibration by means of an electro- 
static driving force. The variation of 
capacitance between the end face of the 
bar and a stationary electrode gives a 
measure of the amplitude of vibration. 
As the frequency of vibration is varied, 
the amplitude is measured relative to its 


< 


line diagram of this apparatus is shown 
in Fig. 2. 

The driving system consists of a beat 
frequency oscillator having a frequency 
range of 20 tc 20,000 cycles pe. sec., a 
ten-to-one step-up transformer, and a 
low pass filter. The purpose of the trans- 
former is to step up the output voltage 
of the driving oscillator to a level where 
it can cause the rod to vibrate. The low- 
pass filter, with a cut-off frequency of 
approximately 50 kc., is so arranged as 
to prevent the output of a 15-megacycle 
oscillator in the detecting system from 
interacting with the driving system. An 


4 P.G. Bordoni,‘‘ MetodoElectroacustica per Ricerche 


Sulla Elasticita,” Nuova Cimento, Vol. 4, 
: 
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electrostatic drive force appears across the rod and the face of the electrode is 
an air gap between the end face of the _ the tuning capacitance in a 15-megacycle 
specimen and an adjustable electrode on oscillator. As the specimen vibrates lon- 
the specimen holder (shown in Fig. 3). gitudinally, the distance between the 
The specimen rests on three contact specimen and the electrode—and hence 
points straddling the adhesive joint, the capacitance—varies, modulating the 
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NOTE: L, must have a minimum Q of the order of !00. 
Special capacitor |\Oku) must be chosen so that 
the capacitance remains constant with applied driving voltage. 


Fic. 4.—15-Megacycle Frequency Modulated Oscillator. 


BAND PASS) 


BAND PASS FILTER NOTE: Lo must hove a minimum Q of 
16-32 ke. the order of 200. 
Fic. 5.—Detector Assembly. 
7 which also serve to keep the specimen frequency of the oscillator. This varia- 


at ground potential. For each half-cycle _ tion is of a small order of magnitude so 
of the driving signal, an attractive force that the change in capacitance is linear 
results, so that the bar vibrates at twice with the change in distance. The high 
the frequency of the driving oscillator. pass filter in the detecting system, with 
. No provision is made in the present ap- a cut-off frequency of the order of one 
paratus for temperature control, since megacycle, prevents the driving system 
slight variations in room temperature do output from interacting with the 15- 
_ not affect the results appreciably. megacycle oscillator. The output of the 
. i a The capacitance between the end of 15-megacycle oscillator is coupled to a 
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slope detector which has a high-Q tuned 
circuit in order to give the desired sensi- 
tivity. This detector converts the fre- 
quency modulation of the oscillator out- 
put into a detected amplitude variation. 
The detector output is then fed into a 
band pass filter (16 to 32 kc.) to improve 
the signal-to-noise ratio, and the signal 
is amplified in a resistance coupled am- 
plifier having a gain of approximately 
22 decibels. The amplifier output can 
be indicated on either the oscilloscope or 
the vacuum tube voltmeter. 

The frequency measuring system con- 
sists of a crystal mixer to combine the 
output of the beat frequency oscillator 
with a 10-kc. standard frequency and a 
stroboscopic frequency meter to measure 
the resulting sum or difference frequency. 

Circuit diagrams for the 15-megacycle 
oscillator, the detector, and the crystal 
mixer are shown in Figs. 4, 5, and 6. 
Figure 7 is a photograph of the entire 
apparatus. 

When measurements are made on a 
specimen, it is mounted in the holder 
shown in Fig. 3; and the electrode ad- 
justment and detector tuning are set for 
linear operation. The driving oscillator 
output is increased and the frequency 
varied to obtain a maximum signal on 
the oscilloscope. The oscilloscope is then 
disconnected; and the detector output is 
indicated on the vacuum tube voltmeter, 
allowing more accurate adjustment of 
the driving frequency to the maximum 
response. The oscillator frequency is 
finally varied to give an output drop of 
three decibels on either side of resonance, 
and these half-power frequencies are 
measured on the stroboscopic frequency 
meter. The average of these frequencies 
is the resonant frequency, and their dif- 
ference is the half-power bandwidth. 
From these measurements and other 
physical properties of the specimen, the 
moduli can be calculated by use of the 


applicable formulas. 


APPLICATION OF AcousTIC METHOD TO 
Stupy oF Heat-INDUCED 
DETERIORATION 


The acoustic technique described here 
was developed to facilitate research in a 
program to study deterioration in ad- 
hesives. It has been useful in measuring 
the dynamic modulus in specimens pre- 
pared from stainless steel rods cemented 
with a phenol-formaldehyde polyvinal- 


butyral adhesive that have been sub- — 


jected to various heat treatments. 


In this investigation, sets of twelve — 
specimens are prepared, and acoustical — 


measurements are made on the whole set 
at room temperature. Six specimens are 
retained as control specimens for tensile 


strength measurement, while the remain- 


ing six are subjected to various deteriora- 
tion treatments. Acoustical measure- 
ments are made at room temperature at 
the end of the treatment and, in many 


cases, during intermediate stages of the — 
tests. Finally the treated specimens are — 


subjected to a tension test. 


In order that the measured changes in — 


acoustical and tensile measurements be 
of significance, it is necessary to have 
specimens which can be produced easily 
in the laboratory and which are fairly 
constant in their initial properties. As a 
result of an intensive investigation, the 
following procedure has been adopted 
for producing specimens: 


The metal rods to be joined are cleaned 
by removing the old adhesive layers by soak- 
ing in acetone and peeling with a flat blade. 
Adhesive solution is then applied to the 
ends of the rods with a dropper, and the 
rods are placed in a closed container in 
which the air is solvent saturated and are 
allowed to stand for 24 hr. Another 24 hr. 
drying is allowed with the container cover 
opened slightly to allow circulation of air. 
The rods are finally dried for 2 hr. in an 
oven heated to 80 C. After drying, the rods 
are placed in a jig designed to produce 12 
specimens with a joint thickness of approx- 
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imately 0.004 in. The entire assembly is 
then cured for 45 min. in an oven at 200 C. 


Figs. 8 and 9, respectively. Each point 
is the average modulus for the six treated 
specimens of each set as measured after 
each 2-hr. heating period. In Table I the 
accompanying strength changes are tab- 


This procedure has given satisfactory 
results with the phenol-formaldehyde 


polyvinal-butyral resin used to this date. ulated. 
4 200 C. 
¢ 220C 
240C. 
2 6 10 
TIME OF HEATING, HR 
Fic. 8.—Effect of Heating on Elastic Modulus. 
200C. 
us’ 
g 
F 240C. 


2 4 6 8 10 
TIME OF HEATING, HR. 
Fic. 9.—Effect of Heating on Viscous Modulus; 


For a different adhesive, modifications 


may be necessary. 


Avera 
Average 
A series of tests was first made to de- Temperature of Heat | Lensile Tensile 
termine the effect of prolonged heating oe Untreated | Strength | 
at various temperatures on the adhesive — Heating, psi. 
joints. Three sets were treated by being — oe 
supported in an oven heated to 200 C., 220 0 6580 5240 
220 C., and 240 C. for 2-hr. periods for “0 sien = 


a total of 10 hr. After each 2-hr. period 


the specimens were removed, cooled to 
room temperature, and acoustically 


measured. 

The effects of heating on the elastic 
and viscous parts of the dynamic modu- 
lus of the joints are shown graphically in 


A comparison of the tensile strengths 
of the blanks and the specimens treated 
for 10 hr. indicates that heating at 200 C. 
causes a strength increase, and heating 
at 220 C. causes a slight decrease of ten- 
sile strength, while heating at 240 C. 


4 
=). 
~ 
~ 
i 
{ 
a* 
| 
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causes a serious weakening. From Figs. 
8 and 9 it appears that the effects of 
heating, at least upon the dynamic 
moduli, occur in the early part of the 
heating cycle and then level off. This 
indication from the acoustic method 
made it seem desirable to examine the 
early part of the heating cycle. It is to 
be noted that the results of the tension 


were heated for 2 hr. in an oven at 200 C. 
and at 240 C. These results are given in 
Table II. 

These results confirmed the predictions 
made by use of the acoustic measure- 
ments in the previous series of tests. The 
changes taking place during prolonged 
heat treatment occurred early in the 
heating period. The set heated in the 


TABLE II.—EFFECT OF HEATING ON DYNAMIC MODULUS AND TENSILE STRENGTH. 


Tensile 


ao? | Ex, psi. | a? 


| psi. Strength, 
psi. 


TREATMENT: HEATED For 2 HR. IN 200 C. OvEN 


Blanks (avg. of 5) 
Original (avg. of 5) 
Treated (avg. of 5) 


43 000 17 700 
969000 | 310000 55 000 
| 1.035 000 448 000 21 700 


TREATMENT: HEATED FoR 2 HR. IN 240 C. OvEN. 


Blanks (avg. of 6) 
Original (avg. of 6) 
Treated (individual specimens) 


29 500 
23 600 


| 
Represents standard deviation uncorrected for sample size. 
> Calculation could not be made, »1 > vo. 


oy 
TABLE III.—EFFECT OF HEATING ON DYNAMIC MODULUS AND TENSILE STRENGTH. 
Treatment: heated to 230 C. in 240 C. oven (63 min.), 


Tensile 


* Broken in handling. 


tests alone could give no indication of 
the point in the treatment at which de- 
terioration began. With the use of ten- 
sion tests alone, rather than the nonde- 
structive acoustical method, a great 
many more tests would have been nec- 
essary to obtain the same final indica- 
tion. 

The next series of tests was made to 
determine whether the predictions as to 
the occurrence of changes during the 


first heating period were correct. Sets 
I 


200 C. oven increased in strength, while 
the average strength of the set heated 
in the 240 C. oven decreased. 
Considering the results of this series, 
in particular the definite deterioration in 
the 240 C. heating cycle, a further in- 
vestigation of the initial portion of this 
cycle seemed to be desirable. In this 
series of tests, specimens were placed in 
a 240 C. oven with thermocouples at- 
tached and the heating curve for this 


treatment was obtained. Sets were then 


ret 


ys 


; 
>, 
(aye 
= 
ay 
oun 
vid 
6150 1970 
— .....| 1185000 | 262000 71 000 P| 4550 590 
.....| 1004000 | 142000 56 300 
162 700 1 540 1580 
198 100 1630 
_ Blanks (avg. of6)..................... | 790000 | 69000 50 840 5 300 5250 1280 
830 000 248 000 33 150 12 000 
Treated (individual specimens). ........ 124 000 1 370 1090 
119 000 1 620 
‘ 153 000 1570 410 
i 279 000 3 430 1090 
975 000 26 010 5720 
; : 1 005 000 23 530 5900 
i 
» 


— to various points along this curve 
and measurements made to determine 
at what point within this short period 
changes occurred which caused deteriora- 
tion. Sets heated to 200 C. and 220 C. in 
the 240 C. oven showed no change in the 
first case, and slight strength increase in 
the second. When heated to 230 C. in the 
240 C. oven, however, a change was 
noted, as is shown in Table III. 


On Dynamic IN 


DISCUSSION OF RESULTS ON 
HEAT-TREATED SPECIMENS 


In discussing the results of the experi- 
ments it will be convenient to coasider 
the observations on the change of 
strength with heating and then to relate 
the change in acoustic properties to these 
strength variations. 

The results on the specimens that were 
heated at 200 C. for periods as long as 


TABLE IV.—EFFECT OF HEATING ON DYNAMIC MODULUS AND TENSILE STRENGTH. 
Treatment: heated to 240 C. in 240 C. oven (110 min.). 


Tensile 
Strength, 


Blanks (avg. of 6) 
Original (avg. of 6) 
Treated (in rie specimens)......... 


Set No. 2 


Blanks (avg. of 6) 
Original (avg. of 6) 
Treated (in ividual specimens) 


Of the six treated specimens, four were 
deteriorated, while two were slightly 
stronger than the blanks. It seemed evi- 
dent that deterioration began in the 
range from 220 C. to 230 C. The results 
obtained on two more sets of specimens 
which were heated for 110 min. in a 
240 C. oven are summarized in Table IV. 
In this period the specimens attained a 
temperature of 240 C. 

Table IV indicates that, in spite of 
receiving identical treatment, deteriora- 
tion occurred in some specimens while a 
marked increase in tensile strength oc- 
curred in others. It can be noted, in 
these cases, that from the moduli of the 
treated specimens, one can predict 
whether any individual specimen will be 
satisfactory or poor in tensile strength. 


10 hr. show that there has been a con- 
sistent increase in strength. Specimens 
heated to 220 C. for 2 hr. have also in- 
creased in strength. Longer heating at 
220 C. or heating at higher temperatures 
has caused deterioration in some cases, 
with the likelihood of deterioration in- 
creasing with the severity of the treat- 
ment. In instances where some of the 
specimens in a set deteriorate there is 
remarkable difference in the properties 
of various duplicate specimens so that 
they are clearly separated into two 
groups on the basis of strength. Some 
of them are found to have increased 
notably in tensile strength above the 
average value of the blanks from the 
same set, while others are found to have 
deteriorated markedly. This effect is 


4 
\ 
«an 
| E,, psi. | | Ea, psi. | 
Set No. 1 
a 
816000 | 135 000 49 900 10 000 4 380 580 . 
932 000 72 000 59 000 12 700 _ 
94 000 620 700 *. 
111 000 40 710 
99 000 1 040 725 
744 000 12 800 7 060 7h 
869 000 9 240 9 150 
886 000 16 900 10 500 + ie 
..| 886 000 81 000 24 100 3 900 6 310 400 
..| 970.000 81 000 28 000 2 700 
211000 | 1120 905 
121 000 730 | 45 
649000 | 8 220 6 420 
|} 852000 | 11 510 9 500 
946000 | 12650 | 9 590 = 
| 877.000 | 12730 | 9 050 : 
hig 
| 
| 
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| clearly demonstrated in Fig. 10 where a mens left in the region of maximum prob- 
distribution of number of specimens is ability for the blank specimens; that 


plotted against strength for the sets in there is a distribution of undeteriorated 


BLANK SPECIMENS 


\ 


NUMBER OF SPECIMENS 


HEATED SPECIMENS 


\\ 


\ 
ie) 2000 4000 6000 


8000 10000 12000 


STRENGTH, PSI. 
uf a Fic. 10.—Strength Distribution of Specimens. 


STRENGTH, PSI. 


E,, PSI. 


° 200000 400000 600000 800000 1000000 


Fic. 11.—Tensile Strength versus Elastic Modulus. 


which some specimens deteriorated. The specimens over a rather broad strength 
upper plot shows the separation observed range; and that there is a concentration 
in the case of treated specimens. It will of specimens with very poor strength. 

be noted that there are no treated speci- The acoustic measurements show that 


ig 


On Dynamic Moputus In ADHESIVE JOINTS 


there is a relation between the strength 
changes and changes in the dynamic 
modulus. This can be seen in Figs. 11 
and 12, where tensile strength is plotted 
versus the elastic and viscous moduli, 
respectively. Since E, is small compared 
to £,, the dynamic modulus is essentially 
equal to E,; and hence Fig. 11 may be 
taken to be a plot of tensile strength 
versus dynamic modulus. For the speci- 
mens that have not deteriorated the elas- 
tic moduli have not changed much from 
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In considering the cause of the peculiar 
changes noted in these joints, it seems 
likely that they arise from the superim- 
posed or successive action of two separate 
influences. It is not too hard to rational- 
ize the increase in strength observed in 
the specimens that did not deteriorate; 
the increase at 200 C. with extended 
treatment, and the more rapid increase 
at the higher temperatures, fits in with 
the expected nature of a chemical change 
such as continued cure. This is borne out 


10000 


: 


° 
° 
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° 


- 4000 12000 


1G. 12.—Tensile Strength versus Viscous Modulus for Heat-Treated Specimens. 


i 


8000 16000 20000 24000 


the values before treatment, while the 
viscous moduli have decreased somewhat 
from their original values. The specimens 
that deteriorate show a marked drop in 
both moduli; £; may decrease to as little 
as one-tenth of the original value; EF, 
drops below 8000 psi. These changes are 
so characteristic that the specimens 
which are weak in strength may be 
selected reliably from the group on the 
basis of the acoustic test and before the 
destructive strength tests are made. Fig- 
ures 11 and 12 illustrate this relation, 
indicating particularly the separation 


into two distinct groups. 


by a high degree of stiffness (indicated 
by a high elastic modulus) and lower 
internal damping (indicated by a low 
viscous modulus). The sudden decrease 
in strength and modulus on more drastic 
heating is considerably harder to explain. 
It may be due to thermal stresses set up 
by the unequal expansion of metal and 
adhesive which result in sudden internal 
breaking on a small but not molecular 
scale, or it may be due to a molecular 


decomposition accompanying a large de- _ 


gree of overcure. An approach to the 
differentiation of such influence is being 
made by studies on solid specimens of 


thy 
= 
2000 
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adhesive material; if these do not show 
the effect, the influence of restraint by the 
adherend is indicated; if they do, the 
answer is almost certainly in the material 
itself. 


APPLICABILITY OF THE ACOUSTIC 


METHOD 


. The results of the work described 
herein indicate that a method has been 
developed for measuring, in the bond, 
the dynamic modulus of an adhesive. 
Depending upon the constraining effect 
of the adherend, the measured modulus 
may have a value between a true elastic 
modulus and a bulk modulus. The con- 
straining effect is dependent upon the 
ratio of moduli of the adhesive and ad- 
herend and the bond thickness-to-diam- 
eter ratio. For very small values of thick- 
ness-to-diameter ratio, the modulus will 
be close to a bulk modulus. With higher 
values the lateral constraint will decrease, 
and the measured modulus will decrease 
towards the elastic modulus. In this in- 
vestigation the adherend was very rigid 
compared to the adhesive, and, with 
small thickness-to-diameter values, rang- 
ing from 0.006 to 0.03, it is believed that 
the moduli measured are bulk moduli. 
For the adhesive-adherend system em- 
ployed in this work, the measured dy- 
namic modulus can be used to detect 
deteriorated specimens from a group of 
specimens which have been subjected to 
heat treatment. This is significant, be- 
cause the method offers possibilities for 
use as a nondestructive quality test, with 
applications to other adhesive-adherend 
systems as well. The specimens employed 
must be of the cemented-bar type and 
should be designed so that the conditions 
mentioned in connection with the for- 
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mulas for Z, and £; are satisfied. It may 
be possible to use glass and certain types 
of plastics with low internal damping as 
bar material. The restrictions on con- 
figuration make the method at present 
better suited to an experimental tech- 
nique for measuring adhesive properties, 
rather than as a production control test 
where items to be tested would probably 
not conform to these restrictions. There 
is some possibility of applying similar 
principles to measure the dynamic prop- 
erties of reed type specimens made from 
a section of lap joint or laminate. 
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Mr. FRANK W. REINHART.'—I am 
familiar with this work and I feel that 
it is the only real approach at the pres- 
ent time to a fundamental measure of 
adhesion. In all the other mechanical 
methods we have used, the method of 
test introduces certain factors which de- 
tract from the basic adhesion value. My 
concept of adhesion is that there is a 
basic adhesion value in any particular 


system, but that there are a lot of fac- 


1Senior Chemist, Organic Plastics Section, National 
Bureau of Standards, Washington, D. C, 


tors inherent in the method of test re- 
sponsible for the value obtained, par- 
ticularly in mechanical tests. Also, the 
design of the test apparatus affects the 
value. The result is that when you make 
a measurement you are not measuring 
adhesion, but you are measuring the dif- 
ference between these characteristics and 
the basic adhesion. 

I think the measuring of the dynamic 
modulus is the only way we have to 
determine basic adhesion values at the 
present time. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON Laid 
a HIGH ADDITIVE CONTENT OILS 


—. Symposium on High Additive Content Oils was held at the First 
: Pacific Area National Meeting of the American Society for Testing Mate- 
rials in San Francisco, Calif., October 10-14, 1949. The oils considered in 
these papers are of an entirely new type, containing five to ten times as 
much additive as found in previous heavy-duty oils. 


_ The following papers were presented: 
Does Service Performance Justify Higher Quality Lubricating Oils?p—W. B. 


Bassett 
High Detergency Motor Oils—A. B. Boehm and C. O. Tongberg 
‘Five Years’ Experience with Special Heavy-Duty Oils—J. A. Edgar and R. E. 
Tefirey, Jr. 
Possible Future Military Engine Oils for Ground Equipment—N. L. Klein 


_ The papers and discussion are issued as A.S.T.M. Special Technical 
Publication No. 102, entitled, “Symposium on High Additive Content Oils.” 
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- SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON” 
TURBINE OILS > 


The Symposium on Turbine Oils was held at the First Pacific Area 
National Meeting of the American Society for Testing Materials in San 
Francisco, Calif., October 10-14, 1949. The four papers on different phases 
of turbine lubrication were designed to review the progress made in the 
field and to consider future problems. 

The papers presented are as follows: 


Introduction—F. C. Linn 

_ Lubrication Problems and Requirements of Gas Turbine Equipment—F. C. 
Linn 

2 Operating Experience and Problems Relative to Lubricating Systems of Steam 
Turbine Sets for Utilities—V. F. Estcourt ee 
= ‘ Specific Problems Pertaining to Lubrication of Industrial Turbines—A. S. a 

Morrow 

_ Lybrication of Marine Turbine Propulsion Equipment—Frederick S. Jones 


‘These papers together with discussions are issued as A.S.T.M. Special 


Technical Publication No. 105, entitled, “Symposium on Turbine Oils.” 


| 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
THE IDENTIFICATION AND CLASSIFICATION OF SOILS 


This Symposium on the Identification and Classification of Soils, designed 
to present a description of the most widely used procedures for identifying 
and classifying soils for engineering purposes, was held at the Fifty-third 
Annual Meeting of the American Society for Testing Materials in Atlantic 
City, N. J., June 29, 1950, under the sponsorship of Committee D-18 on 
Soils for Engineering Purposes. 

The following papers were presented: 


Introduction—George A. McAlpin 

Identification and Classification of Soils—An Appraisal and Statement of 
Principles—Donald M. Burmister 

A Standard Classification of Soils as Proposed by the Bureau of Reclamation— 
E. A. Abdun-Nur 

Discussion of the Classification of Highway Subgrade Materials Initiate@ by 
the Highway Research Board—W. F. Abercrombie 

Soil Classification for Highway Purposes—Edward A. Willis 

Soil Series Names as a Basis for Interpretive Soil Classifications for Engineering 
Purposes—Earl J. Felt 


These papers together with discussions are issued as A.S.T.M. Special 
Technical Publication No. 113, entitled, “Symposium on the Identification 
and Classification of Soils.” 
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_ SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
"PRIAXIAL TESTING OF SOILS AND BITUMINOUS 
MIXTURES 


The Symposium on Triaxial Testing of Soils and Bituminous Mixtures, 
as published, will combine papers presented at the Symposium on Testing 
Soils Under Triaxial Loading, held at the Fifty-third Annual Meeting of 
the Society in Atlantic City, N. J., June 26-30, 1950, under the sponsor- 
ship of Committee D-18 on Soils for Engineering Purposes and those 
presented at a session on Bituminous Paving Mixtures,. held at the First 
Pacific Area National Meeting in San Francisco, Calif., October 10-14, 
1949, 

Combining these two groups of papers into one publication has seemed 
logical and desirable. The relationship is very close, not only in the fact 
that the same type of apparatus is used and physical characteristics meas- 
ured with both soils and bituminous materials but also in that the two 
fields of materials are closely related and the same research and testing 
personnel in most cases are interested in the findings of all of the papers. 
In fact, the Annual Meeting symposium papers include coverage of bi- 
tuminous mixtures as well as of soils. $ . 


Introduction—W. G. Holtz 
History and Theory of Triaxial Testing and the Preparation of Realistic Test 
Specimens—V. A. Endersby 

Applications of the Triaxial Test to Bituminous Mixtures—California Research 
Corp. Method—V. R. Smith 

Some Concepts Concerning Triaxial Compression Testing of Asphaltic Paving 
Mixtures and Subgrade Materials—H. E. Davis and F. N. Hveem 

Application of Triaxial Testing to the Design of Bituminous Pavements—N. 


W. McLeod 
Triaxial Design Correlated with Flexible Pavement Performance in Kansas— 
H. E. Worley 
_-—--‘Triaxial Testing, Adapted to Soils, Flexible Base, and Foundations—R. J. 
Hank 


A Triaxial Apparatus for Testing Large Soil Specimens—E. B. Hall 

Shear Testing at the Waterways Experimental Stations—S. J. Johnson 

A Triaxial Shear Investigation on a Partially Saturated Soil—D. W. Taylor 

Shear Characteristics of Remolded Earth Materials—A. A. Wagner 

The Importance of Natural Controlling Conditions Upon Triaxial Compression 
Test Conditions—D. M. Burmister 

Application of Triaxial Compression Test Results to Highway Soil Problems— 
E. S. Barber and C. L. Sawyer 


The combined papers of both meetings are issued as A.S.T.M. Tech- 
nical Publication No. 106, entitled, “Symposium on Triaxial Testing of 
Soils and Bituminous Mixture.” 
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SU SUMMARY OF PROCEEDINGS OF THE SY) 
an APPLICATION OF STATISTICS 


=P The technique of applying statistical methods to quality control received 
widespread attention during World War IT and since that time has enjoyed 
rapid growth. This Symposium, presented at the First Pacific Area National 
Meeting of the American Society for Testing Materials in San Francisco, 
7 —- Calif., October 10-14, 1949, was designed to present some of its practical 
laa problems as well as to introduce the subject to those unfamiliar with it. 
ae The following papers were presented: 


Introduction—C. M. Wakeman 

The Economic Relationship Between Design and Acceptance Specifications— 
Eugene L. Grant 

Precision and Accuracy of Test Methods—Grant Wernimont 

Use of Statistics to Determine Precision of Test Methods—W. J. Youden and 
J. M. Cameron 

Modern Quality Control—Introduction by Simon Collier to Motion Picture 


These papers together with discussions are issued as A.S.T.M. Special 
Technical Publication No. 103, entitled, “Symposium on Application of 
Statistics.” 
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- SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON | 
DYNAMIC STRESS DETERMINATIONS 


Recent years have witnessed considerable development of new techniques 
and types of equipment for making and interpreting dynamic measurements. 
This Symposium on Dynamic Stress Determination, held at the First 
Pacific Area National Meeting in San Francisco, Calif., October 10-14, 1949, 
was designed to assist those who are interested either in initiating such tests 
or in the practical application of the results of such tests. 

The following papers were presented: 


Introduction—H. D. Eberhart 

Analysis and Interpretation of Dynamic Records—H. C. Roberts 

Survey of Pickups for Dynamic Physical Measurements—G. E. White 

Selection of Recording Equipment for Dynamic Testing—K. D. Swartzel 

Some Examples of Dynamic Testing in the Field of Materials and Structures— 
Douglas McHenry and H. E. Hosticka 


These papers together with discussions are issued as A.S.T.M. Special 
Technical Publication No. 104, entitled, on Stress 
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~SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
THE ROLE OF NON-DESTRUCTIVE TESTING IN THE 
ECONOMICS OF PRODUCTION 

This Symposium, held at the Fourth and Seventh Sessions of the Fifty- 
third Annual Meeting of the America:f Society for Testing Materials in 
Atlantic City, N. J., June 27, 1950, under the sponsorship of Committee 
E-7 on Non-Destructive Testing, presented papers and discussions on the 
value of the various recognized methods of non-destructive testing in the 
economic aspects of production and in promoting the quality of materials. 

The following papers were presented: 


Introduction—H. H. Lester 
A Basic Guide for Management’s Choice of Non-Destructive Tests—Robert C. 
McMaster and Samuel A. Wenk 
Discontinuities in Cast and Wrought Products That Can Be Revealed by Non- 
bile Destructive Tests—Kent R. Van Horn 
* _ The Role of Non-Destructive Testing in the Economics of Castings—John W. 
Juppenlatz 


_ The Economics and Practical Application of Cobalt 60 in the Radiographic 
nt A Inspection of Steel Weldments—W. L. Schwinn 
_ The Economics of Wrought Steel Inspection—C. D. Moriarty 


a _ Management’s Responsibility for Insistence on Non-Destructive Testing in the 
Development of New Engineering Products and Processes—L. W. Ball 


These papers and discussions are issued as A.S.T.M. Special Technical 
Publication No. 112, entitled, “Symposium on the Rdéle of Non-Destructive 
Testing in the Economics of Production.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
ULTRASONIC TESTING 


A session on Ultrasonic Testing was sponsored by Committee E-7 on 
Non-Destructive Testing at the Fifty-second Annual Meeting of the Ameri- 
can Society for Testing Materials held in Atlantic City, N. J. on June 28, 
1949. The theme of the papers is that ultrasonic testing is being used exten- 
sively, is practical, and is an aid to manufacturing Processes as well as being 
an inspection tool. . 

The following papers are included: 


Introduction—H. C. Amtsberg 

Ultrasonic Wave Propagation in Materials: A Guide to Theoretical Results— 
Louis Gold 

Inspection, Processing, and Manufacturing Control of Metals by Ultrasonic 
Methods—Carlton H. Hastings and Seymour W. Carter 

Basic Principles of Ultrasonic Testing—John C. Smack 

Ultrasonics in the Heavy Forging Industry—James C. Hartley 

The Application of Ultrasonics to the Fabrication of Aluminum—J. V. Carroll 

Ultrasonic Testing in Railroad Work—E. D. Hall 

Ultrasonics in the Electrical Indusiry—D. M. Kelman 

Ultrasonic Testing of Bronze Forgings and Ingots—A. Piltch 

Pulse Techniques Applied to Dynamic Testing—J. R. Leslie 

The Measurement of Dynamic Modulus in Adhesive Joints at Ukenioniec _— 
quencies—A. G. H. Dietz, P. J. Closmann, G. M. Kavanagh, and J. N. 
Rossen 


The papers together with discussions are issued as A.S.T.M. Special 
Technical Publication No. 101, entitled, “Symposium on Ultrasonic Test- 
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SUMMARY OF PROCEEDINGS OF THE CINCINNATI SPRING 
oe MEETING— SYMPOSIUM ON THERMAL INSULATING | 
MATERIALS 

The papers in this Symposium on Thermal Insulating Materials were > 
presented at the 1951 Spring Meeting of the American Society for Testing 
Materials in Cincinnati, Ohio, March 7, 1951. 

; The Symposium was sponored by ‘ASTM Technical Committee C-16 
. on Thermal Insulating Materials through a Special Symposium Committee 
x headed by Mr. Ray Thomas, Staff Engineer, Carbide and Carbon Chemi- 
cals Co., Division of Union Carbide and Carbon Corp., South Charleston, — 
hae ee. Ge. Bradley, Johns- Manville Corp., acted as Technical 
Chairman of the symposium session. 


The following papers were presented: 
Basic Concepts of Water Vapor Migration and Their Application to Frame — 


Walls—F. A. Joy 7 
Theory of, and Appropriate Methods for Measurement of Surface Emit- 


tance—L. P. Herrington 

Methods of Measurement and Application of the Theory of Specific Heat to — 4 
Thermal Insulating Materials—Norman H. Spear 

Interlaboratory Comparison of Thermal Conductivity Determinations with & i 


Guarded Hot Plates—Henry E. Robinson and Thomas W. Watson , 
Experiments with a Guarded Hot Plate Thermal Conductivity Set—C. F. : 


Gilbo 


_ These papers together with discussion are issued as ASTM Special Tech- 
nical Publication No. 119 entitled, “Symposium on Thermal Insulating 
Materials.” 


